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DESCRIPTION

Description

Technical Field

[0001] The present invention relates to a novel method for treating diabetes mellitus,
comprising administering an effective amount of plasminogen to a diabetic subject;
furthermore, the present invention relates to a medicament for treating diabetes mellitus.

Background Art

[0002] Diabetes mellitus (DM) is a common genetically predisposed abnormal glucose
metabolism disease with endocrine disorder, and is caused by absolute or relative insufficient
insulin secretion. In 2015, there were 415 million patients with diabetes mellitus worldwide, and

the number of patients with diabetes mellitus is expected to reach 642 million by 2040 [,
Diabetes mellitus is one of the major diseases that seriously endanger human health.

[0003] The main manifestations of diabetes mellitus are abnormal glucose metabolism and
metabolic disorders of substances such as fats and proteins; furthermore, long-term
hyperglycemia may lead to serious diabetic complications, including microvascular
complications, diabetic nephropathy, diabetic cardiomyopathy, diabetic neuropathy, diabetic
dermopathy, diabetes mellitus with infections, etc. Among them, diabetic nephropathy and
diabetic neuropathy have a great impact on the quality of the life of patients, and are severely
harmful.

[0004] Clinically common diabetes mellitus can be divided into four types: type 1 diabetes
mellitus (T1DM), type 2 diabetes mellitus (T2DM), gestational diabetes mellitus, and special
types of diabetes mellitus. Among them, patients with T1DM and T2DM are the most common,
while patients with gestational diabetes mellitus and special types of diabetes mellitus are
relatively few.

[0005] T1DM is believed to be associated with genetic factors, environmental factors (such as
viral infections, diabetogenic chemicals, and dietary factors) and autoimmune factors. Studies
have shown that there are at least 17 gene loci associated with T1DM, which are located on
different chromosomes. In terms of environmental factors, environmental factors that affect the
onset of T1DM comprise viral infections, diabetogenic chemicals, and dietary factors, in which
viral factors are the most important. By far, mumps, rubella virus, cytomegalovirus and the like
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have been found to be associated with pathogenesis of T1IDM. The mechanism is that the
viruses can directly destroy pancreatic islet B cells, and after the viruses damage the
pancreatic islet B cells, autoimmune reactions are triggered, which cause further damage to
the pancreatic islet B cells. Diabetogenic chemicals such as alloxan, streptozotocin (STZ) and
pentamidine act on pancreatic islet B cells, leading to destruction of the pancreatic islet B cells.
The autoimmune factors comprise humoral immunity and cellular immunity. Humoral immunity
is manifested by the presence of multiple autoantibodies against pancreatic islet B cells in the
blood circulation of a patient. The main manifestation of cellular immunity is that abnormal
expression of HLA-DA antigen and overexpression of IL-2 receptor and pancreatic islet cell
surface HLA class 1 antigens can be observed on surfaces of pancreatic islet inflammatory
infiltrating cells and pancreatic islet B cells, and the ratio of CD4+/CD8+ in the peripheral blood
and the levels of IL-1, TNF-a, and INF-y are elevated. The pathological changes caused by
these factors focus on the destruction of the pancreatic islet B-cells, resulting in an absolute
decrease in the level of insulin in the body, thereby causing T1DM, and therefore T1DM is
considered to be an autoimmune disease.

[0006] T2DM is a polygenic disease, and is generally considered to be multi-sourced, wherein
environmental factors and genetic factors work together to cause insulin resistance; and the
manifestation of T2DM is that insulin at a concentration the same as the normal level cannot
function normally due to the resistance in the body. Accordingly, in order to achieve the normal
blood glucose level, the body will excessively secrete insulin to alleviate the "low-efficiency"
state of insulin in service, and if it continues this way, the requirements for the pancreatic islet B
cells are getting higher and higher, ultimately causing damage to the pancreatic islet B cells
themselves due to "overwork”, thus developing into absolute insulin deficiency.

Pathogenesis of DM

[0007] The pathogenesis of DM is complex, and is mainly related to family genetic
predisposition, ethnic heterogeneity, insulin receptor deficiency, impaired insulin receptor
substrate, up-regulation of protein tyrosine phosphatase-related genes, excessive immune

inflammatory response, lipotoxicity, oxidative stress, impaired mitochondria etc. [23]

1. Free fatty acids

[0008] Elevated levels of free fatty acids are one of the causes of insulin resistance and also
one of the important characteristics of insulin resistance. Under the influence of genetic factors
or environmental factors, the level of free fatty acids in the blood increases, and when it
exceeds the storage capacity of adipose tissues, insulin resistance occurs. Studies have shown
that long-term high-fat diets lead to pancreatic islet B cell dysfunction, because high-fat diets
not only trigger peripheral insulin resistance, but also increase the abdominal fat content and
reduce the capacity of insulin to inhibit lipolysis, thereby promoting an increase in the content
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of free fatty acids, which in turn inhibits the phosphorylation of tyrosine sites in the insulin
receptor and the insulin receptor substrates IRS-1 and 1RS-2, thereby inhibiting the activity of
P13K, which results in the insulin signal transduction pathway being hindered, thereby forming
insulin resistance.

2. Inflammatory response

1) Inflammation and insulin resistance

[0009] T2DM is a mild, non-specific inflammatory disease. Studies of recent years have shown
that the main mechanism of inflammation leading to insulin resistance is that there is a cross-
effect between inflammatory factors and the signal transduction of insulin receptor substrates:
on the one hand, an inflammatory factor resulting from non-specific inflammation hinders the
IRS/PI3K signaling pathway, and on the other hand, a series of kinases activated by the
inflammatory factor induce phosphorylation of serine and threonine sites in IRS, which hinders
normal tyrosine phosphorylation, ultimately resulting in the insulin signal transduction capacity

being decreased and insulin resistance being induced [2-3].

[0010] In a target cell, the binding of insulin to a receptor thereof can activate the receptor,
then the signal transduction pathway in the cell results in a series of intracellular transduction
molecules and enzymatic cascade reactions to complete the stepwise transmission and
amplification of the signal in the cell, and finally, the signal is passed to a target organ to
produce a series of biological effects. There are two main signal transduction pathways, one
being IRS-1-PI3K-PKB/AKT pathway and the other being mitogen-activated protein kinase
(Shc/Raf/MAPK) pathway. In the first pathway, firstly insulin binds to a receptor thereof under
the stimulation of exogenous insulin and/or glucose, thereby activating an endogenous tyrosine
kinase of the receptor. The activated tyrosine kinase induces tyrosine site phosphorylation in
the insulin receptor substrate IRS while achieving phosphorylation of the tyrosine kinase itself.
The activated IRS migrates to the cell membrane, phosphotyrosine is anchored to the IRS
tyrosine kinase via a phosphotyrosine binding domain (PTB), and the tyrosine-phosphorylated
IRS recruits regulatory subunit P85 of PI3K via an SH2 domain. P85 binds to a phosphoinaositol
3-phosphate molecule and converts phosphatidylinositol monophosphate (PIP) to
phosphatidylinositol diphosphate (PIP2) and phosphatidylinositol triphosphate (PIP3), both of
which are second messengers of insulin and other growth factors, and are anchor sites for
downstream signaling molecules phosphoinositide-dependent protein kinase-1 (PDK1) and/or
some subtypes of protein kinase ¢ (PKC). PDK1 can activate protein kinase B (PKB, also
known as Akt) and an atypical PKC subtype. The activated PKB on the one hand inactivates
glycogen synthase kinase-3 (GSK3) by means of serine/threonine phosphorylation and on the
other hand activates the mammalian target of rapamycin (mTOR) protein kinase, thereby
inducing phosphorylation activation of 70ku-S6 kinase (p70S6K) downstream. The mTOR

protein kinase can act as an "ATP receptor” and activates p70s6K without Ca,*/cAMP, thereby
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achieving controlled protein synthesis, enhanced gene transcription, and facilitation of
pancreatic islet B cell hypertrophy, as well as other biological effects. PKB can directly induce
the phosphorylation of serine/threonine in certain transcription factors to promote the

occurrence of cell mitosis [49]. In the second pathway, the activation of Ras may be achieved
via two pathways. 1) Activated insulin receptor activates IRS-2 protein, and the IRS-2 protein
can transmit the signal to the adaptor protein growth factor receptor binding protein 2 (Grb2),
which in turn interacts with a signaling protein GDP/GTP exchange factor (mSOS), and can in
turn activate inactivated Ras-GDP into Ras-GT to achieve the activation of Ras. The direct
action of the insulin receptor phosphorylates tyrosine in signaling protein She, and then She
binds to Grb2 to activate Ras via the mSOS pathway. Activated Ras-GTP recruits Raf serine
kinase, which sequentially phosphorylates MAPK kinase and MAPK. The activated MAPK may
activate other protein kinases to participate in processes such as inducing gene transcription,

and regulating apoptosis [6!.

[0011] By far, it has been confirmed that the serine residue of IRS-1 may be phosphorylated by
various inflammatory kinases such as c-Jun N-terminal kinase (JNK), IkB kinase B (IkKB) and
protein kinase C (PKC)-8. Radio immunoassay shows that serine site 307 is the major site for
the phosphorylation of IRS-1 by JNK, and its mutation causes JNK-induced IRS-1
phosphorylation and the inhibitory effect of TNF on insulin-induced IRS-1 tyrosine
phosphorylation to disappear. JNK reduces the phosphorylation of tyrosine in the insulin
receptor substrate by phosphorylating serine 307 of IRS-1, thereby inhibiting insulin signal

transduction [/l Hiorsumi et al. found that the activity of JNK was significantly increased in the
liver, muscle, and adipose tissues of diet-induced obese mice and ob/ob mice. Gene knockout
(JNK1-/-) can attenuate insulin resistance in the diet-induced obese mice and alleviate obesity,
hyperglycemia, and hyperinsulinemia in the ob/ob mice. The level of phosphorylation of serine
site 307 of IRS-1 in the liver tissue of the obese mice was higher than that of lean mice;
however, no increase was found in the knockout (JNK1-/-) obese mice; it can be seen that the

serine site 307 of IRS-1 was the target at which the JNK acts in vivo [8. Studies have shown
that in a model of TNFa stimulation-induced hepatocyte insulin resistance, JNK inhibitors can
completely block the phosphorylation of serine 307. kKB can affect insulin signal transduction
via at least two pathways, i.e., by directly inducing the phosphorylation of Ser307 of IRS-1 or by
the phosphorylation of IkB, thereby activating NF-kB, which indirectly induces insulin resistance
by stimulating the expression of various inflammatory factors.

[0012] Inflammatory responses are defensive responses of the human immune system against
infections, tissue damages and stress responses after these injuries occur, and are also
involved in etiology or pathogenesis of diabetes mellitus, cardiovascular diseases and tumors.

[0013] As early as in 1993, Hotmamisligil et al. [°] demonstrated through animal experiments
that insulin-resistant obese rats had high levels of pro-inflammatory cytokines and TNF-a in
adipose tissues. Since then, many researchers have begun to explore the relationship between
inflammation and obesity and the relationship between inflammation and insulin resistance,

and explore the molecular pathogenesis. In 2006, Hotmamisligil ['9] first proposed a new
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medical definition, i.e. metabolic inflammation, to emphasize that this low-grade, chronic
systemic inflammation is mainly caused by excess nutrients and metabolites. Metabolic
inflammation may have molecular and signal transduction pathways similar to those for typical
inflammations; unlike typical inflammations that we have known in the past, metabolic
inflammation does not have the symptoms of redness, swelling, heat, pain, and dysfunction.
Under normal circumstances, the internal environment of the body is in a steady state, and
inflammations and metabolisms maintain dynamic equilibrium states respectively or
therebetween. In case of metabolic disorders in an body, such an equilibrium in the body is
broken, causing imbalance of the immune system, triggering an inflammatory signal
transduction pathway, thereby prompting the body to release a series of inflammatory factors.
Some of the inflammatory factors even amplify antoinflammatory responses to form an
inflammatory waterfall effect, which further develops insulin resistance in the body, thus leading
to the occurrence of metabolic syndrome.

[0014] Studies have shown that TNF-a is closely related to metabolic syndrome. TNFs, also
known as dyscrasia, are mainly produced by activated macrophages, natural killer (NK) cells
and T lymphocytes, wherein the TNF secreted by macrophages is called TNF-a, and
lymphotoxin secreted by T lymphocytes is called TNF-B. The biological activity of TNF-a
accounts for 70%-95% of the overall activity of TNFs, and therefore, usually reference to TNF
at present is mostly reference to TNF-a. After years of research and discussion, it has been
confirmed that TNF-a is associated with various diseases such as insulin resistance,
autoimmune diseases, tumors, and chronic hepatitis B. TNF-a plays a crucial role in onset and

development of insulin resistance. Swaroop et al. [ concluded by detecting the level of serum
TNF-a in 50 patients with T2DM that the TNF-a levels are elevated in the patients with T2DM
and are significantly associated with BMI, fasting insulin level, and homeostatic model
assessment insulin resistance index (HOMA-IR), suggesting that TNF-a plays an important role
in pathogenesis of T2DM. It has also been pointed out in additional studies that TNF-a can
inhibit the phosphorylation of the insulin receptor, and when the phosphorylation of the insulin
receptor is inhibited, the expression of the gene of glucose transporter can be reduced,

thereby reducing the activity of lipoprotein lipase, ultimately leading to lipolysis [12].

2) Inflammation and pancreatic islet B cell apoptosis

[0015] A chronic, low-grade inflammatory response is closely related to pancreatic islet B cell
dysfunction. Pancreatic islet B cell dysfunction caused by a decrease in the number of B cells is
another important cause of the pathogenesis of T2DM, and B cell apoptosis is the most
important cause of the decrease in the number of the B cells. Due to genetic or dietary
reasons, patients with T2DM are susceptible to insulin resistance; furthermore, in case of
patients with elevated blood glucose, hyperglycemia can promote production of IL-6 which can
not only reduce expression of GLUT4, reduce transport of glucose by fat cells, hinder glycogen
synthesis, and reduce insulin sensitivity, but can also promote secretion of IL-6 by pancreatic
islet cells, causing a vicious circle. Hyperglycemia induces the production of a large amount of
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IL-1B, which results in pancreatic islet cell apoptosis by activating pathways such as NF-kB,
MAPK, Fas and NO, and there are cross-facilitations of various inflammatory pathways to
aggravate the apoptosis of pancreatic islet cells, which eventually leads to pancreatic islet

function failure ['3]. In addition, IL-1B can also mediate interactions of leukocytes, and mutually
interact and restrict with other cytokines such as IFN-y and TNF-qa, and play an important role
in the process of a B cell injury. Dyslipidemia in T2DM causes an increase in the level of
hormonal substances such as leptin and that of IL-6. Leptin can increase the release of IL-1B

to induce B cell apoptosis, and can also negatively regulate insulin secretion [l In addition to
causing insulin resistance, ROS also has an effect on the injury of pancreatic islet B cells, and
under oxidative stress, the expression of insulin gene transcription factors, and insulin binding
sites are remarkably reduced, thereby affecting the production and secretion of insulin. Other

adipocytokines such as TNF-a and leptin may also reduce the function of the B cells ['9]. The
combined action of these cytokines causes more remarkable damage to the function of the
pancreatic islet B cells. In addition, some inflammatory factors may also act on the key part of
insulin receptor substrate 2 to phosphorylate serine/threonine, which results in accelerated
degradation of insulin receptor substrate 2 and promotes apoptosis of pancreatic islet B cells.

3. Oxidative stress

[0016] Studies have shown that oxidative stress is an important factor in the onset and
development of T2DM. Oxidative stress refers to the imbalance between the production of
reactive oxygen species (ROS) and reactive nitrogen species (RNS) and the elimination
thereof by the antioxidant defense system in the body, resulting in excessive production of
ROS and RNS, thereby causing damages to histocytes and biological macromolecules, such

as proteins and nucleic acids, in the body ['3. Hyperglycemia is the main cause of oxidative
stress, and increases the content of ROS and RNS in the body via pathways such as a

mitochondrial electron transport chain 4, glucose autooxidation and a polyol pathway [1°],
wherein the mitochondrial electron transport chain is the predominant pathway of producing
ROS. The mitochondrial electron transport chain mainly involves enzyme complexes [-IV,
cytochrome ¢ and coenzyme Q, wherein a small amount of superoxide products, comprising
superoxide anion, hydrogen peroxide and hydroxyl radicals, are continuously produced in
enzyme complexes | and Ill, while superoxide dismutase, catalase and glutathione peroxidase
catalyze the conversion of superoxide products to oxygen gas and water. However, under
obesity or hyperglycemia conditions, the superoxide products are greatly increased, and
oxidative stress is generated when the rate of production of the superoxide products exceeds
the rate of elimination thereof.

[0017] A number of studies ['®18 have shown that ROS can directly damage the B cells,
especially destroy cell mitochondrial structure and promote B cell apoptosis; ROS may also
indirectly inhibit the function of the B cells by affecting the insulin signal transduction pathway,
for example, by activating the nuclear transcription factor kB (NF-kB) signal pathway to cause a
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B-cell inflammatory response, inhibiting the nucleo-cytoplasmic translocation of pancreatic and
duodenal homeobox 1 (PDX-1), inhibiting mitochondrial energy metabolism, reducing insulin
synthesis and secretion, etc. Oxidative stress causes a B cell injury via the NF-kB pathway,
wherein NF-kB is a dimer composed of two subunits, p50 and RelA, and in a resting cell, it
binds to inhibitory protein IkB to exist as an inactive trimer in the cytoplasm, which is mainly
involved in the response of the cell to stimulations such as stress, cytokines, free radicals,

bacteria and viruses, and in the transient regulation of gene expression, etc. '] Studies have
shown that hyperglycemia-induced ROS activates NF-kB by disrupting intracellular signal

transduction and induces B cell injuries [2%. Mariappan et al. 2! inhibited the expression of NF-
KB in obese db/db mice by using pyrrolidine dithiocarbamate (PDTC), and found that the
degree of damage caused by oxidative stress to mitochondria of B cells in the mice was

remarkably reduced; Hofmann et al. [22] treated diabetic patients with anti-oxidant drug a-lipoic
acid and found that the activity of NF-kB was significantly reduced in the bodies of the patients,

and the condition of the patients was also improved; and Eldor et al. [23] specifically inhibited
the expression of NF-kB in mice by using a transgenic technique, which remarkably reduced
the incidence of diabetes mellitus in the mice induced by STZ.

[0018] As a multi-directional nuclear transcription factor, NF-kB is involved in various gene
regulations after being activated, such as cell proliferation, apoptosis, inflammation and

immunity 24, In a body with diabetes mellitus, NF-kB causes leukocytosis of pancreatic islet by
regulating the expression of genes of cytokines and chemokines, such as IL-1 (interleukin-1)
and MCP-1 (monocyte/macrophage chemoattractant protein-1) factors, thereby causing a B

cells injury 2. In addition, many gene products regulated by NF-kB, such as tumor necrosis

factor a (TNF-a), further activate NF-kB, which aggravates the B cell injury [2°].

[0019] Studies by Mahadev et al. 2] showed that ROS has a regulatory effect on insulin signal
transduction, and this effect is versatile. Under insulin stimulation, the body rapidly produces a
trace amount of ROS by means of a Nox (NADPH oxidase)-dependent mechanism; the ROS
acts as a second messenger, which mainly inhibits the activity of PTP1B by means of oxidation

to promote an insulin cascade reaction 1?8l furthermore, after Nox is inhibited using DPI
(diphenyleneiodonium), the phosphorylation of insulin-stimulated insulin receptor (InsR) and

insulin receptor substrate (IRS) is decreased by 48% [29]. Studies by Loh et al. 3% showed that
physiological ROS can promote the sensitivity of the body to insulin. Although in a physiological
state, a trace amount of ROS produced by insulin stimulation promotes the action of insulin,
long-term hyperglycemia causes the body to produce a large amount of ROS via the

mitochondrial pathway 3], causing insulin resistance.

[0020] InsR and IRS are important signaling elements in the insulin signal transduction
pathway: the former is an initiating element for insulin signal transduction, and the IRS is a
bridge between the former and a downstream element in the pathway. Numerous studies have
shown that oxidative stress may interfere with the phosphorylation of InsR and IRS via multiple
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pathways to hinder the insulin signal transduction. IKK is an activator for inhibitory subunit IkB
of NF-kB, and under ROS stimulation, IKK may act as a kinase for the phosphorylation of
serine/threonine of InsR and IRS, which promotes serine phosphorylation in InsR and IRS,
causing normal tyrosine phosphorylation to be inhibited, thereby hindering the insulin signal

transduction [32]. Studies by Brownlee [33 showed that IKK can directly phosphorylate a serine
residue at site 307 of IRS, resulting in the normal tyrosine phosphorylation of IRS to be
reduced, which hinders the binding of InsR to IRS, thereby causing insulin resistance.

[0021] In addition to IKK, several members of the MAPK family also have an effect on InsR and
IRS. JNK, extracellular regulated protein kinases (ERK) and p38 mitogen-activated protein
kinase (p38 MAPK) are members of the MAPK family, have serine/threonine protein kinase
activities, and can be activated under the actions of oxidative stress, cytokines, G-protein
coupled receptor agonists, etc. Multiple studies have shown that the activation of JNK, ERK
and p38 MAPK aggravates the degree of phosphorylation of serine/threonine in InsR and IRS,
and the protein binding capacity between InsR and IRS and the ability of IRS to activate a

downstream signaling molecules containing an SH-2 domain are reduced [34:3¢],

[0022] Oxidative stress caused by a diabetic high glucose condition is one of the key causes of
the formation of various chronic complications, and is also an important factor in inducing DNA

damage 371 In case of diabetes mellitus, the extracellular fluid has continuous high glucose. In
this state, electrons generated by the mitochondrial electron transport chain are remarkably
increased, resulting in excessive ROS, causing damages to the intracellular environment and
biological macromolecules such as lipids, proteins, and DNA. Reactive oxygen produced by the
body in the aerobic metabolic pathway acts as a mutation-inducing agent to oxidize guanine on
the DNA strand to 8-hydroxy-2'-deoxyguanosine (8-OHdG). During DNA replication, 8-OHdG is
prone to mismatch with adenine, resulting in a G:C to T:A transversion mutation that forms
DNA damage. In addition, ROS may further cause other forms of DNA damage, comprising
DNA strand breaks, DNA site mutations, DNA double-strand aberrations, protooncogene and
tumor suppressor gene mutations, and the like. Furthermore, the DNA damage may also
aggravate ROS and oxidative stress processes, for example, the DNA damage may induce
ROS production by means of H2AX-reduced coenzyme Il oxidase 1 (Nox1)/Rac1 pathway.

ROS further promotes the entry of a large amount of Ca2* into mitochondria, causing cell
necrosis and apoptosis, or directly damaging mitochondria to cause mitochondrial dysfunction,
thereby impairing pancreatic islet B cells and aggravating the pathological process of diabetes

mellitus 381,

[0023] In addition to causing insulin resistance, ROS also has an effect on the injury of
pancreatic islet B cells, and under oxidative stress, the expression of insulin gene transcription
factors, and insulin binding sites are remarkably reduced, thereby affecting the production and
secretion of insulin. Other adipocytokines such as TNF-a may also reduce the function of the

cells [, The combined action of these cytokines causes more remarkable damage to the
function of the pancreatic islet B cells. In addition, some inflammatory factors may also act on
the key part of insulin receptor substrate 2 to phosphorylate serine/threonine, which results in
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accelerated degradation of insulin receptor substrate 2 and promotes apoptosis of pancreatic
islet B cells.

[0024] It can be seen from the above that the role of oxidative stress in the occurrence and
development of diabetes mellitus is very complicated. In addition to directly impairing islet B
cells, ROS can also act as a signaling molecule to activate some stress-sensitive pathways,
thereby regulating the expression of related factors, causing apoptosis or necrosis of B cells,
inhibiting insulin secretion, inducing insulin resistance, and ultimately causing or aggravating
diabetes mellitus.

Treatment of DM

[0025] Diabetes mellitus is usually treated by means of medications, and traditional
medications comprise insulin-based drugs and oral hypoglycemic drugs.

[0026] In the early days, insulin was mainly extracted from the pancreas of animals such as
pigs and cattle, and after application to human, remarkable allergic reactions occurred. With
increased maturity in the 1990s, insulin analogues were gradually applied, and such insulin can
remarkably change the pharmacokinetics of traditional insulin, and has the advantages of a low
incidence of hypoglycemia, fast onset, long-lasting effect, etc. At present, with the deepening of
the exploration of insulin preparations, some oral insulin preparations have entered a testing
stage; however, due to technical difficulties, no effective oral preparations have been applied
yet clinically.

[0027] There are many traditional oral hypoglycemic drugs, among which the following types
are common: (1) biguanides such as metformin. Metformin has a good cardiovascular
protective effect and also a good hypoglycemic effect, and it has been used as a first-line drug
for treating T2DM in many countries. (2) Sulfonylureas: sulfonylureas are insulin
secretagogues that stimulate pancreatic islet B cells to secrete insulin, thus achieving an effect
of improving the blood glucose level. At present, such insulins that are allowed to be marketed
in China mainly comprise glimepiride, glibenclamide, glipizide, gliclazide, gliquidone, etc.;
however, some studies have shown that if such drugs are taken for a long term, failed
hypoglycemic effect may be caused, which easily results in complications such as
hypoglycemia and increased body mass. (3) Thiazolidinedione compounds (TZD): In 1999, the
FDA approved the use of rosiglitazone and pioglitazone for T2DM, wherein the former may
aggravate the risk of heart diseases and for this reason, it was later restricted to be used as a
second-line treatment drug and prohibited for use in heart failure conditions. In June 2013, the
FDA re-examined rosiglitazone, stated that this drug can continue to be used clinically, and
even relaxed or completely unbanned the prohibition of the use of this drug and compound
preparations thereof. (4) a-glycosidase inhibitors: Such insulins inhibit glycosidase in small
intestinal mucosal epithelial cells, thereby alleviating the absorption of carbohydrates and
leading to a decrease in the postprandial blood glucose level. Commonly used such drugs
comprise voglibose, acarbose, miglitol etc.
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[0028] At the present stage, drugs for treating diabetes mellitus mainly comprise traditional
antidiabetic drugs, comprising sulfonylureas, glinides, biguanides, thiazolidinediones (TZDs), a-
glucosidase inhibitors, insulin, etc.; however, these drugs all have different degrees of adverse
reactions, such as triggering hypoglycemia, gastrointestinal discomfort, and obesity. With the
deepening of the study on the basic theory of diabetes mellitus, people are actively looking for
new therapeutic targets for diabetes mellitus in order to avoid the side effects of traditional
hypoglycemic drugs and protect the pancreatic islet B cells. Targets currently found to be
associated with the pathogenesis of diabetes mellitus mainly comprise glucagon-like peptide-1
(GLP-1), and dipeptidyl peptidase-4 (DPP-4), sodium-glucose cotransporter-2 (SGLT-2),
glycogen synthase kinase-3 (GSK-3), protein tyrosine phosphatase (PTP), glucokinase (GK),
etc. Among them, glucagon regulation-based drugs such as glucagon-like peptide-1 (GLP-1)
analogues, GLP-1 receptor agonists, and dipeptidyl peptidase -4 (DPP-4) inhibitors are
considered to be effective in maintaining blood glucose homeostasis, improving B cell
functions, delaying the progression of diabetes mellitus, and even reversing the course of
diabetes mellitus.

[0029] Currently, there is no effective drug or means for completely curing diabetes mellitus,
and current medications focus on reducing and delaying the occurrence of complications by
controlling blood glucose within a certain range. With a deeper and more comprehensive
understanding of the pathogenesis of diabetes, the study of therapeutic drugs for diabetes
mellitus has also been shifted from the study of drugs with traditional mechanisms to the study
of drugs with new targets and new mechanisms of action, wherein some of them have already
been on the market, for example, GLP-1 receptor agonists, DPP-4 inhibitors and SGLT-2
inhibitors, and there are also some drugs in the clinical or preclinical study stage, e.g. GPR119
receptor agonists, 11B-HSD1 inhibitors, PTP1B inhibitors and GK agonists, with the efficacy
and safety having yet to be further clinically verified. Although the emergence of new target-
based anti-diabetic drugs in recent years has provided more options for DM treatment, since
the pathogenesis of diabetes mellitus is complex, and a large number of hormones, enzymes
and receptors are involved, there are still problems, e.g. single-target drugs having a narrow
range of action, a weak hypoglycemic effect and causing adverse reactions after acting on the
systemic system, in the research field of new drugs, and all of these need to be further studied.
Therefore, people need to find more effective therapeutic drugs that can act on many aspects
of the pathogenesis of diabetes mellitus.

[0030] The present invention discovers that plasminogen can alleviate the pancreatic tissue
injury, control inflammation, reduce pancreatic islet B cell apoptosis, repair pancreatic tissue,
restore the secretion function of pancreatic islet p-cells, and reducing blood glucose in diabetic
experimental mice, and is expected to become a brand new drug that comprehensively
addresses many aspects of the pathogenesis of diabetes mellitus. This invention is defined in
the claims.

Brief Description of the Invention
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[0031] The invention provides a pharmaceutical composition comprising an effective amount of
plasminogen for use in treating diabetes by reducing blood glucose in a diabetic subject,
wherein the plasminogen:

1. (a) has at least 90%, 95%, 96%, 97%, 98% or 99% sequence identity with SEQ ID No. 2;
or

2. (b) has at least 95%, 96%, 97%, 98% or 99% sequence identity with SEQ ID No. 6, 8, 10
or12,
and still has the activity of plasminogen.

[0032] Any references in the description to methods of treatment refer to the compounds,
pharmaceutical compositions and medicaments of the present invention for use in a method
for treatment of the human (or animal) body by therapy (or for diagnosis).

[0033] In one aspect, the present invention relates to a method for preventing and/or treating
diabetes mellitus, comprising administering a therapeutically effective amount of plasminogen
to a subject.

[0034] The present invention relates to a method for reducing blood glucose in a diabetic
subject, comprising administering an effective amount of plasminogen to the subject. The
present invention further relates to the use of plasminogen for reducing blood glucose in a
diabetic subject. The present invention further relates to the use of plasminogen in the
preparation of a medicament for reducing blood glucose in a diabetic subject. In addition, the
present invention further relates to a plasminogen for reducing blood glucose in a diabetic
subject. In some embodiments, the blood glucose is selected from one or more of: a serum
glucose level, a serum fructosamine level, and a serum glycated hemoglobin level. In some
other embodiments, the blood glucose is a serum glucose level. In the above-mentioned
embodiments, the diabetes mellitus is T1DM or T2DM.

[0035] In another aspect, the present invention as defined in the claims relates to a method for
improving the glucose tolerance in a diabetic subject, comprising administering an effective
amount of plasminogen to the subject. The present invention as defined in the claims further
relates to the use of plasminogen for increasing glucose tolerance in a diabetic subject. The
present invention further relates to the use of plasminogen in the preparation of a medicament
for increasing glucose tolerance in a diabetic subject. In addition, the present invention as
defined in the claims further relates to a plasminogen for increasing glucose tolerance in a
diabetic subject. In some embodiments, the diabetes mellitus is T2DM.

[0036] In one aspect, the present invention as defined in the claims relates to a method for
promoting postprandial blood glucose drop in a diabetic subject, comprising administering an
effective amount of plasminogen to the subject. The present invention as defined in the claims
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further relates to the use of plasminogen for promoting postprandial blood glucose drop in a
diabetic subject. The present invention as defined in the claims further relates to the use of
plasminogen in the preparation of a medicament for promoting postprandial blood glucose
drop in a diabetic subject. In addition, the present invention as defined in the claims further
relates to a plasminogen for promoting postprandial blood glucose drop in a diabetic subject. In
some embodiments, the plasminogen is administered 30 minutes to 1.5 hours before the
subject has a meal. In some other embodiments, the plasminogen is administered 30 minutes
to 1 hour before the subject has a meal.

[0037] In one aspect, the present invention as defined in the claims relates to a method for
promoting the utilization of glucose in a diabetic subject, comprising administering an effective
amount of plasminogen to the subject. The present invention as defined in the claims further
relates to the use of plasminogen for promoting the utilization of glucose in a diabetic subject.
The present invention as defined in the claims further relates to the use of plasminogen in the
preparation of a medicament for promoting the utilization of glucose in a diabetic subject. In
addition, the present invention as defined in the claims further relates to a plasminogen for
promoting the utilization of glucose in a diabetic subject. In another aspect, the present
invention as defined in the claims relates to a method for promoting secretion of insulin in a
diabetic subject, comprising administering an effective amount of plasminogen to the subject.
In other embodiments, the plasminogen further promotes the expression of insulin in a diabetic
subject. In the above-mentioned embodiments, the diabetes mellitus is T1DM or T2DM. In
some embodiments, the plasminogen promotes secretion of insulin in the diabetic subject after
eating. In some other embodiments, the plasminogen promotes secretion of insulin in the
diabetic subject in a fasted state. In some embodiments, the plasminogen returns blood
glucose to a normal or nearly normal level by promoting secretion of insulin in response to an
elevated blood glucose stimulation in the diabetic subject. In some other embodiments, the
plasminogen reduces expression and/or secretion of glucagon in the subject while promoting
the expression and/or secretion of insulin; in particular, the plasminogen achieves a return to a
normal or nearly normal level of blood glucose in the subject by reducing expression and/or
secretion of glucagon in the subject while promoting the expression and/or secretion of insulin.

[0038] In one aspect, the present invention as defined in the claims relates to a method for
reducing secretion of glucagon in a diabetic subject, comprising administering an effective
amount of plasminogen to the subject. The present invention as defined in the claims further
relates to the use of plasminogen for reducing secretion of glucagon in a diabetic subject. The
present invention as defined in the claims further relates to the use of plasminogen in the
preparation of a medicament for reducing secretion of glucagon in a diabetic subject. In
addition, the present invention as defined in the claims further relates to a plasminogen for
reducing secretion of glucagon in a diabetic subject. In some embodiments, the plasminogen
further reduces expression of glucagon in the diabetic subject. In the above-mentioned
embodiments, the diabetes mellitus is T1DM or T2DM. In some embodiments, the
plasminogen reduces secretion of glucagon in the diabetic subject after eating. In some other
embodiments, the plasminogen reduces secretion of glucagon in the diabetic subject in a
fasted state. In some embodiments, the plasminogen returns blood glucose to a normal or
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nearly normal level by reducing secretion of glucagon in the diabetic subject in an elevated
blood glucose state. In some embodiments, the plasminogen returns blood glucose to a
normal or nearly normal level by reducing secretion of glucagon in the diabetic subject in an
elevated blood glucose state. In some other embodiments, the plasminogen promotes
expression and/or secretion of insulin while reducing the expression and/or secretion of
glucagon in the subject; in particular, the plasminogen achieves a return to a normal or nearly
normal level of blood glucose in the subject by promoting the expression and/or secretion of
insulin while reducing expression and/or secretion of glucagon in the subject. In the above-
mentioned embodiments, the plasminogen promotes expression of insulin receptor substrate 2
(IRS-2).

[0039] In one aspect, the present disclosure (not claimed) relates to a method for promoting
repair of a pancreatic islet cell injury in a diabetic subject, comprising administering an effective
amount of plasminogen to the subject. The present disclosure (not claimed) further relates to
the use of plasminogen for promoting repair of a pancreatic islet cell injury in a diabetic subject.
The present disclosure (not claimed) further relates to the use of plasminogen in the
preparation of a medicament for promoting repair of a pancreatic islet cell injury in a diabetic
subject. In addition, the present disclosure (not claimed) further relates to a plasminogen for
promoting repair of a pancreatic islet cell injury in a diabetic subject. In some embodiments, the
plasminogen promotes expression of insulin receptor substrate 2 (IRS-2). In some other
embodiments of the disclosure, the plasminogen promotes expression of cytokine TNF-a. In
some other embodiments, the plasminogen promotes expression of multi-directional nuclear
transcription factor NF-kB in the subject. In some embodiments of the disclosure, the
pancreatic islet cell injury is one or more selected from: an injured insulin synthesis and
secretion function of pancreatic islet B cells, an injured pancreatic islet tissue structure,
collagen deposition in the pancreatic islet, pancreatic islet fibrosis, pancreatic islet cell
apoptosis, a disordered balance between the secretion of glucagon and of insulin in the
pancreatic islet, and failed adaptation of levels of glucagon and insulin secreted by the
pancreatic islet to a blood glucose level in a subject. In some embodiments, the plasminogen
reduces secretion of glucagon and increases secretion of insulin in the diabetic subject; in
particular, the normal balance between the secretion of glucagon and of insulin in the
pancreatic islet is repaired.

[0040] In another aspect, the present invention as defined in the claims relates to a method for
protecting the pancreatic islet of a subject, comprising administering an effective amount of
plasminogen to the subject. The present invention as defined in the claims further relates to
the use of plasminogen for protecting the pancreatic islet of a subject. The present invention as
defined in the claims further relates to the use of plasminogen in the preparation of a
medicament for protecting the pancreatic islet of a subject. In addition, the present invention as
defined in the claims further relates to a plasminogen for protecting the pancreatic islet of a
subject. In some embodiments, the plasminogen reduces collagen deposition in the pancreatic
islet. In some other embodiments, the plasminogen reduces pancreatic islet fibrosis. In some
other embodiments, the plasminogen reduces pancreatic islet cell apoptosis. In some other
embodiments, the plasminogen promotes expression of insulin receptor substrate 2 (IRS-2) in
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the pancreatic islet. In some embodiments, the plasminogen promotes repair of an
inflammation in the pancreatic islet. In some other embodiments, the plasminogen promotes
expression of cytokine TNF-a. In some other embodiments, the plasminogen promotes
expression of multi-directional nuclear transcription factor NF-kB in the subject. In the above-
mentioned embodiments, the subject is a diabetic patient; in particular, the diabetic patient has
T1DM or T2DM. In some embodiments, the subject with T1DM is a subject with normal PLG
activity or impaired PLG activity.

[0041] In one aspect, the present invention as defined in the claims relates to a method for
promoting repair of an inflammation in the pancreatic islet, comprising administering an
effective amount of plasminogen to the subject. The present invention as defined in the claims
further relates to the use of plasminogen for promoting repair of an inflammation in the
pancreatic islet of a diabetic subject. The present invention as defined in the claims further
relates to the use of plasminogen in the preparation of a medicament for promoting repair of
an inflammation in the pancreatic islet of a diabetic subject. In addition, the present invention
as defined in the claims further relates to a plasminogen for promoting repair of an
inflammation in the pancreatic islet of a diabetic subject. In some embodiments, the
plasminogen promotes expression of cytokine TNF-a. In some other embodiments, the
plasminogen promotes expression of multi-directional nuclear transcription factor NF-kB in the
subject. In some other embodiments, the plasminogen reduces collagen deposition in the
pancreatic islet. In some other embodiments, the plasminogen reduces pancreatic islet fibrosis.
In some other embodiments, the plasminogen inhibits pancreatic islet cell apoptosis. In the
above-mentioned embodiments, the diabetic patient has T1DM or T2DM; in particular, the
subject with T1DM is a subject with normal PLG activity or impaired PLG activity.

[0042] In one aspect, the present disclosure (not claimed) relates to a method for promoting
expression of cytokine TNF-a in a diabetic subject, comprising administering an effective
amount of plasminogen to the subject. The present disclosure (not claimed) further relates to
the use of plasminogen for promoting expression of cytokine TNF-a in a diabetic subject. The
present disclosure (not claimed) further relates to the use of plasminogen in the preparation of
a medicament for promoting expression of cytokine TNF-a in a diabetic subject. In addition, the
present disclosure (not claimed) further relates to a plasminogen for promoting expression of
cytokine TNF-a in a diabetic subject.

[0043] In another aspect, the present invention as defined in the claims relates to a method for
promoting expression of multi-directional nuclear transcription factor NF-kB in a diabetic
subject, comprising administering an effective amount of plasminogen to the subject. The
present invention as defined in the claims further relates to the use of plasminogen for
promoting expression of multi-directional nuclear transcription factor NF-kB in a diabetic
subject. The present invention as defined in the claims further relates to the use of
plasminogen in the preparation of a medicament for promoting expression of multi-directional
nuclear transcription factor NF-kB in a diabetic subject.

[0044] In another aspect, the present invention as defined in the claims relates to a method for
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promoting expression of insulin receptor substrate 2 (IRS-2) by the pancreatic islet, comprising
administering an effective amount of plasminogen to the subject. The present invention as
defined in the claims further relates to the use of plasminogen for promoting expression of
insulin receptor substrate 2 (IRS-2) in the pancreatic islet. The present invention as defined in
the claims further relates to the use of plasminogen in the preparation of a medicament for
promoting expression of insulin receptor substrate 2 (IRS-2) in the pancreatic islet. In addition,
the present invention as defined in the claims further relates to a plasminogen for promoting
expression of insulin receptor substrate 2 (IRS-2) in the pancreatic islet.

[0045] In another aspect, the present invention as defined in the claims relates to a method for
promoting secretion of insulin in a diabetic subject, comprising administering an effective
amount of plasminogen to the subject to promote expression of insulin receptor substrate 2
(IRS-2). The present invention as defined in the claims further relates to the use of
plasminogen for promoting secretion of insulin in a diabetic subject. The present invention as
defined in the claims further relates to the use of plasminogen in the preparation of a
medicament for promoting secretion of insulin in a diabetic subject. In addition, the present
invention as defined in the claims further relates to a plasminogen for promoting secretion of
insulin in a diabetic subject.

[0046] In another aspect, the present disclosure (not claimed) relates to a method for
promoting an increase in the number of pancreatic islet B cells in a diabetic subject, comprising
administering an effective amount of plasminogen to the subject. The present disclosure (not
claimed) further relates to the use of plasminogen for promoting an increase in the number of
pancreatic islet B cells in a diabetic subject. The present disclosure (not claimed) further relates
to the use of plasminogen in the preparation of a medicament for promoting an increase in the
number of pancreatic islet B cells in a diabetic subject. In addition, the present disclosure (not
claimed) further relates to a plasminogen for promoting an increase in the number of
pancreatic islet § cells in a diabetic subject. In some embodiments, the plasminogen promotes
expression of insulin receptor substrate 2 (IRS-2).

[0047] In one aspect, the present invention as defined in the claims relates to a method for
reducing pancreatic islet B cell apoptosis, comprising administering an effective amount of
plasminogen to a subject. The present invention as defined in the claims further relates to the
use of plasminogen for reducing pancreatic islet f cell apoptosis. The present invention as
defined in the claims further relates to the use of plasminogen in the preparation of a
medicament for reducing pancreatic islet B cell apoptosis. In addition, the present invention as
defined in the claims further relates to a plasminogen for reducing pancreatic islet f cell
apoptosis. In some embodiments, the plasminogen promotes expression of insulin receptor
substrate 2 (IRS-2).

[0048] In another aspect, the present disclosure (not claimed) relates to a method for
promoting repair of a pancreatic islet B cell injury, comprising administering an effective amount
of plasminogen to a subject. The present disclosure (not claimed) further relates to the use of
plasminogen for promoting repair of a pancreatic islet B cell injury. The present disclosure (not



DK/EP 3556383 T5

claimed) further relates to the use of plasminogen in the preparation of a medicament for
promoting repair of a pancreatic islet § cell injury. The present disclosure (not claimed) further
relates to a plasminogen for promoting repair of a pancreatic islet B cell injury. In some
embodiments, the plasminogen promotes expression of insulin receptor substrate 2 (IRS-2).

[0049] In another aspect, the present disclosure (not claimed) relates to a method for
promoting recovery of pancreatic islet B cell function, comprising administering an effective
amount of plasminogen to a subject. The present disclosure (not claimed) further relates to the
use of plasminogen for promoting recovery of pancreatic islet B cell function. The present
disclosure (not claimed) further relates to the use of plasminogen in the preparation of a
medicament for promoting recovery of pancreatic islet  cell function. In addition, the present
disclosure (not claimed) further relates to a plasminogen for promoting recovery of pancreatic
islet B cell function. In some embodiments, the plasminogen promotes expression of insulin
receptor substrate 2 (IRS-2).

[0050] In the above-mentioned embodiments, the plasminogen is administered in combination
with one or more other drugs or therapies. In particular, the plasminogen may be administered
in combination with one or more drugs selected from anti-diabetic drugs, drugs against
cardiovascular and cerebrovascular diseases, anti-thrombotic drugs, anti-hypertensive drugs,
antilipemic drugs, anticoagulant drugs, and anti-infective drugs.

[0051] In the above-mentioned embodiments, the plasminogen has at least 90%, 95%, 96%,
97%, 98% or 99% sequence identity with SEQ ID No. 2; or has at least 95%, 96%, 97%, 98% or
99% sequence identity with SEQ ID No. 6, 8, 10 or 12, and still has the activity of plasminogen.

[0052] In the above-mentioned embodiments, the amino acids of the plasminogen are as
shown in SEQ ID No. 2, 6, 8, 10 or 12. In some embodiments, the plasminogen is a protein
that has 1-100, 1-90, 1-80, 1-70, 1-60, 1-50, 1-45, 1-40, 1-35, 1-30, 1-25, 1-20, 1-15, 1-10, 1-
5,1-4, 1-3, 1-2 or 1 amino acid added, deleted and/or substituted in SEQ ID No. 2, 6, 8, 10 or
12, and still has the activity of plasminogen.

[0053] In the above-mentioned embodiments, the plasminogen is selected from Glu-
plasminogen, Lys-plasminogen, mini-plasminogen, micro-plasminogen, delta-plasminogen or
their variants that retain the plasminogen activity.

[0054] In the above-mentioned embodiments, the plasminogen is a natural or synthetic human
plasminogen, or a variant or fragment thereof that still retains the plasminogen activity. In some
embodiments, the plasminogen is an ortholog of human plasminogen from a primate or a
rodent, or a variant or fragment thereof that still retains the plasminogen activity. For example,
the plasminogen is an ortholog of plasminogen from primates or rodents, for example, an
ortholog of plasminogen from gorillas, rhesus monkeys, murine, cows, horses and dogs. Most
preferably, the amino acid sequence of the plasminogen of the present invention is as shown in
SEQ ID No. 2,6, 8,10 or 12.
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[0055] In the above-mentioned embodiments, the subject is a human. In some embodiments,
the subject has a lack or deficiency of plasminogen. Specifically, the lack or deficiency is
congenital, secondary and/or local.

[0056] In one embodiment, the plasminogen is administered by systemic or topical route,
preferably by the following routes: topical, intravenous, intramuscular, subcutaneous,
inhalation, intraspinal, local injection, intraarticular injection or rectal route. In one embodiment,
the topical administration is performed by direct administration to osteoporotic areas, for
example through a means such as a dressing and a catheter.

[0057] In one embodiment, the plasminogen is administered in combination with a suitable
polypeptide carrier or stabilizer. In one embodiment, the plasminogen is administered at a
dosage of 0.0001-2000 mg/kg, 0.001-800 mg/kg, 0.01-600 mg/kg, 0.1-400 mg/kg, 1-200

mg/kg, 1-100 mg/kg or 10-100 mg/kg (by per kg of body weight) or 0.0001-2000 mg/cm?,
0.001-800 mg/cm?, 0.01-600 mg/cm?, 0.1-400 mg/cm?, 1-200 mg/cm?, 1-100 mg/cm? or 10-

100 mg/cm? (by per square centimeter of body surface area) daily, preferably the dosage is
repeated at least once, preferably the dosage is administered at least daily. In the case of local
administration, the above dosages may also be further adjusted depending on the
circumstances. In one aspect, the present invention relates to a pharmaceutical composition,
comprising a pharmaceutically acceptable carrier and the plasminogen for use in the method
of the present invention.

[0058] In another aspect, the present disclosure relates to a preventive or therapeutic kit
comprising: (i) the plasminogen for use in the method of the present invention, and (ii) a
means for delivering the plasminogen to the subject, in particular, the means is a syringe or a
vial. In some embodiments, the kit further comprises a label or an instruction for use indicating
the administration of the plasminogen to the subject to implement the methods of the present
invention.

[0059] In another aspect, the present disclosure further relates to an article of manufacture
comprising: a container comprising a label; and (i) the plasminogen for use in the methods of
the present invention or a pharmaceutical composition comprising the plasminogen, wherein
the label indicates the administration of the plasminogen or the composition to the subject to
implement the methods of the present invention.

[0060] In the above-mentioned embodiments, the kit or the article of manufacture further
comprises one or more additional means or containers containing other drugs. In some
embodiments, the other drugs are selected from the group of anti-diabetic drugs, drugs
against cardiovascular and cerebrovascular diseases, anti-thrombotic drugs, anti-hypertensive
drugs, antilipemic drugs, anticoagulant drugs, and anti-infective drugs.

Detailed Description of Embodiments
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[0061] "Diabetes mellitus” is a series of dysmetabolic syndromes of carbohydrates, proteins,
fats, water, electrolytes and the like that are caused by islet hypofunction, insulin resistance
and the like resulting from the effects of genetic factors, immune dysfunction, microbial
infections and toxins thereof, free radical toxins, mental factors and other various pathogenic
factors on the body, and is mainly characterized by hyperglycemia clinically.

[0062] "Diabetic complications” are damages to or dysfunctions of other organs or tissues of
the body caused by poor blood glucose control during diabetes mellitus, including damages to
or dysfunctions of the liver, kidneys, heart, retina, nervous system damage and the like.
According to statistics of the World Health Organization, there are up to more than 100 diabetic
complications, and diabetes mellitus is a disease currently known to have the most
complications.

[0063] "Insulin resistance” refers to a decrease in the efficiency of insulin in promoting glucose
uptake and utilization for various reasons, resulting in compensatory secretion of excess insulin
in the body, which causes hyperinsulinemia to maintain blood glucose stability.

[0064] "Plasmin” is a very important enzyme that exists in the blood and is capable of
degrading fibrin multimers.

[0065] "Plasminogen (plg)" is the zymogen form of plasmin, which is a glycoprotein composed
of 810 amino acids calculated based on the amino acid sequence (SEQ ID No. 4) of the natural
human plasminogen containing a signal peptide according to the sequence in the swiss prot,
having a molecular weight of about 90 kD, being synthesized mainly in the liver and being
capable of circulating in the blood, with the cDNA sequence that encodes this amino acid
sequence is as shown in SEQ ID No. 3. Full-length PLG contains seven domains: a C-terminal
serine protease domain, an N-terminal Pan Apple (PAp) domain and five Kringle domains
(Kringles 1-5). Referring to the sequence in the swiss prot, the signal peptide comprises
residues Met1-Gly19, PAp comprises residues Glu20-Val98, Kringle 1 comprises residues
Cys103-Cys181, Kringle 2 comprises residues Glu184-Cys262, Kringle 3 comprises residues
Cys275-Cys352, Kringle 4 comprises residues Cys377-Cys454, and Kringle 5 comprises
residues Cys481-Cys560. According to the NCBI data, the serine protease domain comprises
residues Val581-Arg804.

[0066] Glu-plasminogen is a natural full-length plasminogen and is composed of 791 amino
acids (without a signal peptide of 19 amino acids); the cDNA sequence encoding this sequence
is as shown in SEQ ID No. 1; and the amino acid sequence is as shown in SEQ ID No. 2. In
vivo, Lys-plasminogen, which is formed by hydrolysis of amino acids at positions 76-77 of Glu-
plasminogen, is also present, as shown in SEQ ID No.6; and the cDNA sequence encoding this
amino acid sequence is as shown in SEQ ID No.5. d-plasminogen is a fragment of full-length
plasminogen that lacks the structure of Kringle 2-Kringle 5 and contains only Kringle 1 and the

serine protease domain 13940 The amino acid sequence (SEQ ID No.8) of 5-plasminogen has

been reported in the literature 4%, and the cDNA sequence encoding this amino acid sequence
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is as shown in SEQ ID No.7. Mini-plasminogen is composed of Kringle 5 and the serine
protease domain, and has been reported in the literature to comprise residues Val443-Asn791
(with the Glu residue of the Glu-plg sequence that does not contain a signal peptide as the

starting amino acid) [4']; the amino acid sequence is as shown in SEQ ID No. 10; and the cDNA
sequence encoding this amino acid sequence is as shown in SEQ ID No. 9. In addition, micro-
plasminogen comprises only the serine protease domain, the amino acid sequence of which
has been reported in the literature to comprise residues Ala543-Asn791 (with the Glu residue

of the Glu-plg sequence that does not contain a signal peptide as the starting amino acid) [42],
and the sequence of which has been also reported in patent CN 102154253 A to comprise
residues Lys531-Asn791 (with the Glu residue of the Glu-plg sequence that does not contain a
signal peptide as the starting amino acid) (the sequence in this patent application refers to the
patent CN 102154253 A); the amino acid sequence is as shown in SEQ ID No. 12; and the
cDNA sequence encoding this amino acid sequence is as shown in SEQ ID No. 11.

[0067] In the present disclosure, "plasmin” is used interchangeably with “fibrinolysin" and
"fibrinoclase", and the terms have the same meaning; and "plasminogen" is used
interchangeably with "profibrinolysin” and “fibrinoclase zymogen", and the terms have the
same meaning.

[0068] In the present application, the meaning of "lack” in plasminogen is that the content or
activity of plasminogen in the body of a subject is lower than that of a normal person, which is
low enough to affect the normal physiological function of the subject; and the meaning of
"deficiency" in plasminogen is that the content or activity of plasminogen in the body of a
subject is significantly lower than that of a normal person, or even the activity or expression is
extremely small, and only through exogenous supply can the normal physiological function be
maintained.

[0069] In the present application, the meaning of "lack” in plasminogen is that the content of
plasminogen in the body of a subject is lower than that of a normal person, which is low
enough to affect the normal physiological function of the subject; and the meaning of
"deficiency” in plasminogen is that the content of plasminogen in the body of a subject is
significantly lower than that of a normal person, or even the expression is extremely small, and
only through exogenous supply can the life be sustained.

[0070] In the embodiments of the present invention, "aging” and "premature aging” are used
interchangeably to mean the same meaning.

[0071] In the course of circulation, plasminogen is in a closed, inactive conformation, but when
bound to thrombi or cell surfaces, it is converted into an active PLM in an open conformation
under the mediation of a PLG activator (plasminogen activator, PA). The active PLM can
further hydrolyze the fibrin clots to fibrin degradation products and D-dimers, thereby dissolving
the thrombi. The PAp domain of PLG comprises an important determinant that maintains
plasminogen in an inactive, closed conformation, and the KR domain is capable of binding to
lysine residues present on receptors and substrates. A variety of enzymes that can serve as
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PLG activators are known, including: tissue plasminogen activator (tPA), urokinase
plasminogen activator (uPA), kallikrein, coagulation factor Xl (Hagmann factor), and the like.

[0072] "Plasminogen active fragment" refers to an active fragment in the plasminogen protein
that is capable of binding to a target sequence in a substrate and exerting the proteolytic
function. The technical solutions of the present disclosure involving plasminogen encompass
technical solutions in which plasminogen is replaced with a plasminogen active fragment. The
plasminogen active fragment is a protein comprising a serine protease domain of plasminogen.
Preferably, the plasminogen active fragment comprises SEQ ID No. 14, or an amino acid
sequence having an amino acid sequence identity of at least 80%, 90%, 95%, 96%, 97%, 98%
or 99% with SEQ ID No. 14. Therefore, plasminogen of the present invention comprises a
protein containing the plasminogen active fragment and still having the plasminogen activity.
The plasminogen active fragment of the present invention is as defined in the claims.

[0073] At present, methods for determining plasminogen and its activity in blood include:
detection of tissue plasminogen activator activity (t-PAA), detection of tissue plasminogen
activator antigen (t-PAAQ) in plasma, detection of tissue plasminogen activity (plgA) in plasma,
detection of tissue plasminogen antigen (plgAg) in plasma, detection of activity of the inhibitor
of tissue plasminogen activators in plasma, detection of inhibitor antigens of tissue
plasminogen activators in plasma and detection of plasmin-anti-plasmin (PAP) complex in
plasma. The most commonly used detection method is the chromogenic substrate method:
streptokinase (SK) and a chromogenic substrate are added to a test plasma, the PLG in the
test plasma is converted into PLM by the action of SK, PLM acts on the chromogenic substrate,
and then it is determined that the increase in absorbance is directly proportional to
plasminogen activity using a spectrophotometer. In addition, plasminogen activity in blood can
also be determined by immunochemistry, gel electrophoresis, immunonephelometry,
radioimmuno-diffusion and the like.

[0074] "Orthologues or orthologs" refer to homologs between different species, including both
protein homologs and DNA homologs, and are also known as orthologous homologs and
vertical homologs. The term specifically refers to proteins or genes that have evolved from the
same ancestral gene in different species. The plasminogen according to the present invention
includes human natural plasminogen, and also includes orthologues or orthologs of
plasminogens derived from different species and having plasminogen activity insofar as this is
covered by the definition of plasminogen in the claims.

[0075] "Conservatively substituted variant” refers to one in which a given amino acid residue is
changed without altering the overall conformation and function of the protein or enzyme,
including, but not limited to, replacing an amino acid in the amino acid sequence of the parent
protein by an amino acid with similar properties (such as acidity, alkalinity, hydrophobicity, etc.).
Amino acids with similar properties are well known. For example, arginine, histidine and lysine
are hydrophilic basic amino acids and are interchangeable. Similarly, isoleucine is a
hydrophobic amino acid that can be replaced by leucine, methionine or valine. Therefore, the
similarity of two proteins or amino acid sequences with similar functions may be different. For
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example, the similarity (identity) is 70%-99% based on the MEGALIGN algorithm.
"Conservatively substituted variant” also includes a polypeptide or enzyme having amino acid
identity of 60% or more, preferably 75% or more, more preferably 85% or more, even more
preferably 90% or more as determined by the BLAST or FASTA algorithm, and having the
same or substantially similar properties or functions as the natural or parent protein or enzyme.

[0076] "Isolated" plasminogen refers to the plasminogen protein that is isolated and/or
recovered from its natural environment. In some embodiments, the plasminogen will be
purified (1) to a purity of greater than 90%, greater than 95% or greater than 98% (by weight),
as determined by the Lowry method, such as more than 99% (by weight); (2) to a degree
sufficiently to obtain at least 15 residues of the N-terminal or internal amino acid sequence
using a spinning cup sequenator; or (3) to homogeneity, which is determined by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) under reducing or
nonreducing conditions using Coomassie blue or silver staining. Isolated plasminogen also
includes plasminogen prepared from recombinant cells by bioengineering techniques and
separated by at least one purification step.

[0077] The terms "polypeptide”, "peptide” and "protein" are used interchangeably herein and
refer to polymeric forms of amino acids of any length, which may include genetically encoded
and non-genetically encoded amino acids, chemically or biochemically modified or derivatized
amino acids, and polypeptides having modified peptide backbones. The term includes fusion
proteins, including, but not limited to, fusion proteins having heterologous amino acid
sequences, fusions having heterologous and homologous leader sequences (with or without N-
terminal methionine residues); and the like.

[0078] The "percent amino acid sequence identity (%)" with respect to the reference
polypeptide sequence is defined as the percentage of amino acid residues in the candidate
sequence identical to the amino acid residues in the reference polypeptide sequence when a
gap is introduced as necessary to achieve maximal percent sequence identity and no
conservative substitutions are considered as part of sequence identity. The comparison for
purposes of determining percent amino acid sequence identity can be achieved in a variety of
ways within the skill in the art, for example using publicly available computer softwares, such as
BLAST, BLAST-2, ALIGN or Megalign (DNASTAR) software. Those skilled in the art can
determine appropriate parameters for aligning sequences, including any algorithm needed to
achieve the maximum comparison over the full length of the sequences being compared.
However, for purposes of the present invention, the percent amino acid sequence identity
value is generated using the sequence comparison computer program ALIGN-2.

[0079] In the case of comparing amino acid sequences using ALIGN-2, the % amino acid
sequence identity of a given amino acid sequence A relative to a given amino acid sequence B
(or may be expressed as a given amino acid sequence A having or containing a certain %
amino acid sequence identity relative to, with or for a given amino acid sequence B) is
calculated as follows:

fraction X/Y x 100
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wherein X is the number of identically matched amino acid residues scored by the sequence
alignment program ALIGN-2 in the alignment of A and B using the program, and wherein Y is
the total number of amino acid residues in B. It will be appreciated that where the length of
amino acid sequence Ais not equal to the length of amino acid sequence B, the % amino acid
sequence identity of Arelative to B will not be equal to the % amino acid sequence identity of B
relative to A. Unless specifically stated otherwise, all the % amino acid sequence identity values
used herein are obtained using the ALIGN-2 computer program as described in the previous
paragraph.

[0080] As used herein, the terms "treatment” and "prevention” refer to obtaining a desired
pharmacological and/or physiologic effect. The effect may be complete or partial prevention of
a disease or its symptoms and/or partial or complete cure of the disease and/or its symptoms,
and includes: (a) prevention of the disease from developing in a subject that may have a
predisposition to the disease but has not been diagnosed as having the disease; (b)
suppression of the disease, i.e., blocking its formation; and (c) alleviation of the disease and/or
its symptoms, i.e., eliminating the disease and/or its symptoms.

[0081] The terms "individual", "subject" and "patient" are used interchangeably herein and
refer to mammals, including, but not limited to, murine (rats and mice), non-human primates,
humans, dogs, cats , hoofed animals (e.g., horses, cattle, sheep, pigs, goats) and so on.

[0082] "Therapeutically effective amount” or "effective amount” refers to an amount of
plasminogen sufficient to achieve the prevention and/or treatment of a disease when
administered to a mammal or another subject to treat the disease. The "therapeutically
effective amount" will vary depending on the plasminogen used, the severity of the disease
and/or its symptoms, as well as the age, body weight of the subject to be treated, and the like.

2. Preparation of the plasminogen of the present invention

[0083] Plasminogen can be isolated and purified from nature for further therapeutic uses, and
can also be synthesized by standard chemical peptide synthesis techniques. When chemically
synthesized, a polypeptide can be subjected to liquid or solid phase synthesis. Solid phase
polypeptide synthesis (SPPS) is a method suitable for chemical synthesis of plasminogen, in
which the C-terminal amino acid of a sequence is attached to an insoluble support, followed by
the sequential addition of the remaining amino acids in the sequence. Various forms of SPPS,
such as Fmoc and Boc, can be used to synthesize plasminogen. Techniques for solid phase
synthesis are described in Barany and Solid-Phase Peptide Synthesis; pp. 3-284 in The
Peptides: Analysis, Synthesis, Biology. Vol. 2: Special Methods in Peptide Synthesis, Part A.,
Merrifield, et al. J. Am. Chem. Soc., 85: 2149-2156 (1963); Stewart et al. Solid Phase Peptide
Synthesis, 2nd ed. Pierce Chem. Co., Rockford, lll. (1984); and Ganesan A. 2006 Mini Rev.
Med Chem. 6:3-10 and Camarero JA et al. 2005 Protein Pept Lett. 12:723-8. Briefly, small
insoluble porous beads are treated with a functional unit on which a peptide chain is
constructed. After repeated cycles of coupling/deprotection, the attached solid phase free N-
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terminal amine is coupled to a single N-protected amino acid unit. This unit is then deprotected
to expose a new N-terminal amine that can be attached to another amino acid. The peptide
remains immobilized on the solid phase before it is cut off.

[0084] Standard recombinant methods can be used to produce the plasminogen of the present
invention. For example, a nucleic acid encoding plasminogen is inserted into an expression
vector, so that it is operably linked to a regulatory sequence in the expression vector.
Expression regulatory sequence includes, but is not limited to, promoters (e.g., naturally
associated or heterologous promoters), signal sequences, enhancer elements and
transcription termination sequences. Expression regulation can be a eukaryotic promoter
system in a vector that is capable of transforming or transfecting eukaryotic host cells (e.g.,
COS or CHO cells). Once the vector is incorporated into a suitable host, the host is maintained
under conditions suitable for high-level expression of the nucleotide sequence and collection
and purification of plasminogen.

[0085] A suitable expression vector is usually replicated in a host organism as an episome or
as an integral part of the host chromosomal DNA. In general, an expression vector contains a
selective marker (e.g., ampicillin resistance, hygromycin resistance, tetracycline resistance,
kanamycin resistance or neomycin resistance) to facilitate detection of those exogenous cells
transformed with a desired DNA sequence.

[0086] Escherichia coli is an example of prokaryotic host cells that can be used to clone a
polynucleotide encoding the subject antibody. Other microbial hosts suitable for use include
Bacillus, for example, Bacillus subtilis and other species of enterobacteriaceae (such as
Salmonella spp. and Serratia spp.), and various Pseudomonas spp. In these prokaryotic hosts,
expression vectors can also be generated which will typically contain an expression control
sequence (e.g., origin of replication) that is compatible with the host cell. In addition, there will
be many well-known promoters, such as the lactose promoter system, the tryptophan (trp)
promoter system, the beta-lactamase promoter system or the promoter system from phage
lambda. Optionally in the case of manipulation of a gene sequence, a promoter will usually
control expression, and has a ribosome binding site sequence and the like to initiate and
complete transcription and translation.

[0087] Other microorganisms, such as yeast, can also be used for expression. Saccharomyces
(e.g., S. cerevisiae) and Pichia are examples of suitable yeast host cells, in which a suitable
vector has an expression control sequence (e.g., promoter), an origin of replication, a
termination sequence and the like, as required. A typical promoter comprises 3-
phosphoglycerate kinase and other glycolytic enzymes. Inducible yeast promoters specifically
include promoters derived from alcohol dehydrogenase, isocytochrome C, and enzymes
responsible for maltose and galactose utilization.

[0088] In addition to microorganisms, mammalian cells (e.g., mammalian cells cultured in cell
culture in vitro) may also be used to express the plasminogen of the present invention. See
Winnacker, From Genes to Clones, VCH Publishers, N.Y., N.Y. (1987). Suitable mammalian
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host cells include CHO cell lines, various Cos cell lines, HelLa cells, myeloma cell lines and
transformed B cells or hybridomas. Expression vectors for these cells may comprise an
expression control sequence, such as an origin of replication, promoter and enhancer (Queen
et al. Immunol. Rev. 89:49 (1986)), as well as necessary processing information sites, such as
a ribosome binding site, RNA splice site, polyadenylation site and transcription terminator
sequence. Examples of suitable expression control sequences are promoters derived from
white immunoglobulin gene, SV40, adenovirus, bovine papilloma virus, cytomegalovirus and
the like. See Co et al. J. Immunol. 148:1149 (1992).

[0089] Once synthesized (chemically or recombinantly), the plasminogen of the present
invention can be purified according to standard procedures in the art, including ammonium
sulfate precipitation, affinity column, column chromatography, high performance liquid
chromatography (HPLC), gel electrophoresis and the like. The plasminogen is substantially
pure, e.g., at least about 80% to 85% pure, at least about 85% to 90% pure, at least about 90%
to 95% pure, or 98% to 99% pure or purer, for example free of contaminants such as cell
debris, macromolecules other than the subject antibody and the like.

3. Pharmaceutical formulations

[0090] A therapeutic formulation can be prepared by mixing plasminogen of a desired purity
with an optional pharmaceutical carrier, excipient or stabilizer (Remington's Pharmaceutical
Sciences, 16th edition, Osol, A. ed. (1980)) to form a lyophilized preparation or an aqueous
solution. Acceptable carriers, excipients and stabilizers are non-toxic to the recipient at the
dosages and concentrations employed, and include buffers, such as phosphates, citrates and
other organic acids; antioxidants, including ascorbic acid and methionine; preservatives (e.g.,
octadecyl dimethyl benzyl ammonium chloride; hexane chloride diamine; benzalkonium
chloride and benzethonium chloride; phenol, butanol or benzyl alcohol; alkyl p-
hydroxybenzoates, such as methyl or propyl p-hydroxybenzoate; catechol; resorcinol;
cyclohexanol; 3-pentanol; and m-cresol); low molecular weight polypeptides (less than about
10 residues); proteins, such as serum albumin, gelatin or immunoglobulins; hydrophilic
polymers, such as polyvinylpyrrolidone; amino acids, such as glycine, glutamine, asparagine,
histidine, arginine or lysine; monosaccharides, disaccharides and other carbohydrates,
including glucose, mannose or dextrins; chelating agents, such as EDTA,; sugars, such as
sucrose, mannitol, fucose or sorbitol; salt-forming counterions, such as sodium; metal
complexes (e.g., zinc-protein complexes); and/or non-ionic surfactants, such as TWEENTM,
PLURONICSTM or polyethylene glycol (PEG). Preferred lyophilized anti-VEGF antibody
formulations are described in WO 97/04801.

[0091] The formulations of the invention may also comprise one or more active compounds
required for the particular condition to be treated, preferably those that are complementary in
activity and have no side effects with one another, for example anti-hypertensive drugs, anti-
arrhythmic drugs, drugs for treating diabetes mellitus, and the like.
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[0092] The plasminogen of the present invention may be encapsulated in microcapsules
prepared by techniques such as coacervation or interfacial polymerization, for example, it may
be incorporated in a colloid drug delivery system (e.g., liposomes, albumin microspheres,
microemulsions, nanoparticles and nanocapsules), or incorporated in hydroxymethylcellulose
or gel-microcapsules and poly-(methyl methacrylate) microcapsules in macroemulsions. These
techniques are disclosed in Remington's Pharmaceutical Sciences, 16th edition, Osol, A. Ed.
(1980).

[0093] The plasminogen of the present invention for in vivo administration must be sterile. This
can be easily achieved by filtration through a sterile filtration membrane before or after freeze
drying and reconstitution.

[0094] The plasminogen of the present invention can be prepared into a sustained-release
preparation. Suitable examples of sustained-release preparations include solid hydrophobic
polymer semi-permeable matrices having a shape and containing glycoproteins, such as films
or microcapsules. Examples of sustained-release matrices include polyesters, hydrogels (e.g.,
poly(2-hydroxyethylmethacrylate)) (Langer et al. J. Biomed. Mater. Res., 15: 167-277 (1981);
and Langer, Chem. Tech., 12:98-105 (1982)), or poly(vinyl alcohol), polylactides (US Patent
3773919, and EP 58,481), copolymer of L-glutamic acid and y ethyl-L-glutamic acid (Sidman et
al. Biopolymers 22:547(1983)), nondegradable ethylene-vinyl acetate (Langer et al. supra), or
degradable lactic acid-glycolic acid copolymers such as Lupron DepotTM (injectable
microspheres composed of lactic acid-glycolic acid copolymer and leuprolide acetate), and poly
D-(-)-3-hydroxybutyric acid. Polymers, such as ethylene-vinyl acetate and lactic acid-glycolic
acid, are able to persistently release molecules for 100 days or longer, while some hydrogels
release proteins for a shorter period of time. A rational strategy for protein stabilization can be
designed based on relevant mechanisms. For example, if the aggregation mechanism is
discovered to be formation of an intermolecular S-S bond through thio-disulfide interchange,
stability is achieved by modifying sulfhydryl residues, lyophilizing from acidic solutions,
controlling moisture content, using appropriate additives, and developing specific polymer
matrix compositions.

4. Administration and dosage

[0095] The pharmaceutical composition of the present invention is administered in different
ways, for example by intravenous, intraperitoneal, subcutaneous, intracranial, intrathecal,
intraarterial (e.g., via carotid), intramuscular, intranasal, topical or intradermal administration or
spinal cord or brain delivery. An aerosol preparation, such as a nasal spray preparation,
comprises purified aqueous or other solutions of the active agent along with a preservative and
isotonic agent. Such preparations are adjusted to a pH and isotonic state compatible with the
nasal mucosa.

[0096] In some cases, the plasminogen pharmaceutical composition of the present invention
may be modified or formulated in such a manner to provide its ability to cross the blood-brain



DK/EP 3556383 T5

barrier.

[0097] Preparations for parenteral administration include sterile aqueous or non-aqueous
solutions, suspensions and emulsions. Examples of non-aqueous solvents are propylene
glycol, polyethylene glycol, vegetable oils such as olive oil, and injectable organic esters such
as ethyl oleate. Aqueous carriers include water, and alcoholic/aqueous solutions, emulsions or
suspensions, including saline and buffered media. Parenteral vehicles include sodium chloride
solution, Ringer's dextrose, dextrose and sodium chloride, or fixed oils. Intravenous vehicles
include liquid and nutrient supplements, electrolyte supplements and the like. Preservatives
and other additives may also be present, for example, such as antimicrobial agents,
antioxidants, chelating agents and inert gases.

[0098] In some embodiments, the plasminogen of the invention is formulated with an agent
that promotes the plasminogen to cross the blood-brain barrier. In some cases, the
plasminogen of the present invention is fused directly or via a linker to a carrier molecule,
peptide or protein that promotes the fusion to cross the blood brain barrier. In some
embodiments, the plasminogen of the present invention is fused to a polypeptide that binds to
an endogenous blood-brain barrier (BBB) receptor. The polypeptide that is linked to
plasminogen and binds to an endogenous BBB receptor promotes the fusion to cross the BBB.
Suitable polypeptides that bind to endogenous BBB receptors include antibodies (e.g.,
monoclonal antibodies) or antigen-binding fragments thereof that specifically bind to
endogenous BBB receptors. Suitable endogenous BBB receptors include, but are not limited
to, insulin receptors. In some cases, antibodies are encapsulated in liposomes. See, for
example, US Patent Publication No. 2009/0156498.

[0099] The medical staff will determine the dosage regimen based on various clinical factors.
As is well known in the medical field, the dosage of any patient depends on a variety of factors,
including the patient's size, body surface area, age, the specific compound to be administered,
sex, frequency and route of administration, overall health and other drugs administered
simultaneously. The dosage range of the pharmaceutical composition comprising plasminogen
of the present invention may be, for example, such as about 0.0001 to 2000 mg/kg, or about
0.001 to 500 mg/kg (such as 0.02 mg/kg, 0.25 mg/kg, 0.5 mg/kg, 0.75 mg/kg, 10 mg/kg and 50
mg/kg) of the subject's body weight daily. For example, the dosage may be 1 mg/kg body
weight or 50 mg/kg body weight, or in the range of 1 mg/kg-50 mg/kg, or at least 1 mg/kg.
Dosages above or below this exemplary range are also contemplated, especially considering
the above factors. The intermediate dosages in the above range are also included in the scope
of the present invention. A subject may be administered with such dosages daily, every other
day, weekly or based on any other schedule determined by empirical analysis. An exemplary
dosage schedule includes 1-10 mg/kg for consecutive days. During administration of the drug
of the present invention, the therapeutic effect and safety of thrombosis and a thrombosis-
related disease are required to be assessed real-timely and regularly.

5. Treatment efficacy and treatment safety
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[0100] Judgment of treatment efficacy and treatment safety after treating a subject with
plasminogen can be carried out. Common monitoring and assessment contents of therapeutic
effect for osteoporosis comprise follow-up survey (adverse reactions, standardized medication,
basic measures, re-assessment of fracture risk factors, etc.), new fracture assessment (clinical
fracture, body height reduction, and imageological examination), bone mineral density (BMD)
measurement, and detection of bone turnover markers (BTM), comprehensive re-assessment
based on these data, etc. Among them, BMD is currently the most widely used method for
monitoring and assessing the therapeutic effect. For example, BMD can be measured by
means of dual energy X-ray absorptiometry (DXA), quantitative computed tomography (QCT),
single photon absorption measurement (SPA), or ultrasonometry. BMD can be detected once a
year after the start of treatment, and after the BMD has stabilized, the interval may be
appropriately extended, for example, to once every 2 years. For BTM, among serological
indicators, serum procollagen type 1 N-terminal propeptide (PINT) is relatively frequently used
at present as a bone formation indicator, and serum type 1 procollagen C-terminal peptide
(serum C-terminal telopeptide, S-CTX) serves as a bone resorption indicator. According to the
research progress, more reasonable detection indicators are adjusted where appropriate.
Baseline values should be measured prior to the start of treatment, and detections are carried
out 3 months after the application of a formation-promoting drug therapy, and 3 to 6 months
after the application of a resorption inhibitor drug therapy. BTM can provide dynamic
information of bones, is independent of BMD in effect and function, and is also a monitoring
means complementary to BMD. The combination of the two has a higher clinical value. In
general, if BMD rises or stabilizes after treatment, BTM has an expected change, and no
fracture occurs during the treatment, the treatment response can be considered to be good. In
addition, the judgment of the safety of the therapeutic regimen during and after treating a
subject with plasminogen and its variants includes, but is not limited to, statistics of the serum
half-life, half-life of treatment, median toxic dose (TD50) and median lethal dose (LD50) of the
drug in the body of the subject, or observing various adverse events such as sensitization that
occur during or after treatment.

6. Articles of manufacture or kits

[0101] An article of manufacture or a kit may comprise the plasminogen of the present
invention. The article preferably includes a container, label or package insert. Suitable
containers include bottles, vials, syringes and the like. The container can be made of various
materials, such as glass or plastic. The container contains a composition that is effective to
treat the disease or condition of the present invention and has a sterile access (for example,
the container may be an intravenous solution bag or vial containing a plug that can be pierced
by a hypodermic injection needle). At least one active agent in the compaosition is plasminogen.
The label on or attached to the container indicates that the composition is used for treating the
aging or aging-related conditions according to the present invention. The article may further
comprise a second container containing a pharmaceutically acceptable buffer, such as
phosphate buffered saline, Ringer's solution and glucose solution.
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It may further comprise other substances required from a commercial and user perspective,
including other buffers, diluents, filters, needles and syringes. In addition, the article comprises
a package insert with instructions for use, including, for example, instructions to direct a user of
the composition to administer to a patient the plasminogen composition and other drugs for
treating an accompanying disease.

Brief Description of the Drawings

[0102]

Figure 1 shows detection results of blood glucose after administration of plasminogen to 24- to
25-week-old diabetic mice for 10 days and 31 days. The results show that the blood glucose
level in mice in the group administered with plasminogen was remarkably lower than that in the
control group administered with vehicle PBS, and the statistical difference was significant (*
indicates P < 0.05, and ** indicates P < 0.01). In addition, with the prolongation of the
administration time, the blood glucose level of the mice in the control group administered with
vehicle PBS has a tendency to rise, while the blood glucose level of the group administered
with plasminogen gradually decreases. This indicates that plasminogen has a hypoglycemic
effect.

Figure 2 shows the effect of administration of plasminogen on the concentration of serum
fructosamine in diabetic mice. The detection results show that the concentration of serum
fructosamine is remarkably decreased after administration of plasminogen, and as compared
with that before administration, the statistical difference is extremely significant (** indicates P <
0.01). This indicates that plasminogen can significantly reduce blood glucose in diabetic mice.

Figure 3 shows detection results of plasma glycated hemoglobin after administration of
plasminogen to 26-week-old diabetic mice for 35 days. The results show that the OD value of
glycated hemoglobin in the mice in the group administered with plasminogen is remarkably
lower than that in the control group administered with vehicle PBS, and the statistical difference
is extremely significant (** indicates P < 0.01). This indicates that plasminogen has an effect of
reducing blood glucose in diabetic mice.

Figure 4 shows detection results of IPGTT after administration of plasminogen to 26-week-old
diabetic mice for 10 days. The results show that after intraperitoneal injection of glucose, the
blood glucose level of the mice in the group administered with plasminogen is lower than that
in the control group administered with vehicle PBS, and compared with the control group
administered with vehicle PBS, the glucose tolerance curve of the group administered with
plasminogen is closer to that of the normal mice group. This indicates that plasminogen can
remarkably improve the glucose tolerance of diabetic mice.

Figure 5 shows detection results of post-fasting blood glucose after administration of
plasminogen to mice with normal PLG activity in a T1DM model for 10 days. The results show
that the blood glucose level of the mice in the control group administered with vehicle PBS is
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remarkably higher than that in the group administered with plasminogen, and the statistical
difference is extremely significant (*** indicates P < 0.001). This indicates that plasminogen can
significantly reduce the blood glucose level in mice with normal PLG activity in the T1DM
model.

Figure 6 shows detection results of IPGTT after administration of plasminogen to mice with
normal PLG activity in a T1DM model for 28 days. The results show that after injection of
glucose, the blood glucose concentration of the mice in the control group administered with
vehicle PBS is remarkably higher than that in the group administered with plasminogen, and
compared with the control group administered with vehicle PBS, the glucose tolerance curve of
the group administered with plasminogen is closer to that of normal mice. This indicates that
plasminogen can increase the glucose tolerance of mice with normal SPLG activity in the
T1DM model.

Figure 7 shows detection results of serum insulin after administration of plasminogen to 26-
week-old diabetic mice for 35 days. The results show that the serum insulin level in the group
administered with plasminogen is remarkably higher than that in the control group
administered with vehicle PBS, and the statistical difference is significant (* indicates P < 0.05).
This indicates that plasminogen can effectively promote secretion of insulin.

Figure 8 shows HE-stained images of the pancreas and the pancreatic islet area ratios after
administration of plasminogen to 24- to 25- week-old diabetic mice for 31 days. A and B
represent control groups administered with vehicle PBS, C and D represent groups
administered with plasminogen, and E represents the quantitative analysis results of pancreatic
islet area. The results show that most of the pancreatic islets in the control groups
administered with vehicle PBS are atrophied, the atrophied pancreatic islet cells are replaced
by acini (indicated by |), and there is acinar hyperplasia at the edge of the pancreatic islets,
causing the boundary between pancreatic islet and acini to be unclear; in the groups
administered with plasminogen, most of the pancreatic islets are larger than those in the
control groups, there is no acinar hyperplasia in the pancreatic islets, only a small number of
acini remain in a few pancreatic islets, and the boundary between pancreatic islet and acini is
clear. Comparing the groups administered with plasminogen with the control groups in terms of
the area ratio of pancreatic islet to pancreas, it is found that the area ratio in the administration
groups are almost twice as large as that in the control groups. This indicates that plasminogen
can promote repair of impaired pancreatic islet in 24- to 25-week-old diabetic mice, by which
diabetes mellitus is treated by repairing impaired pancreatic islet.

Figure 9 shows the observed results of Sirius red-staining for pancreatic islets after
administration of plasminogen to 24- to 25-week-old diabetic mice for 31 days. A represents
the control group administered with vehicle PBS, B represents the group administered with
plasminogen, and C represents the quantitative analysis results. The results showed that the
collagen deposition (indicated by arrow) in the pancreatic islet of mice in the group
administered with plasminogen was remarkably less than that in the control group
administered with vehicle PBS, and the statistical difference was significant (* indicates
P<0.05). This indicates that plasminogen can ameliorate pancreatic islet fibrosis in diabetic
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animals.

Figure 10 shows the observed results of immunohistochemical staining for Caspase-3 of the
pancreatic islets after administration of plasminogen to 24- to 25-week-old diabetic mice for 31
days. A represents the control group administered with vehicle PBS, and B represents the
group administered with plasminogen. The results show that the expression of Caspase-3
(indicated by arrow) in the group administered with plasminogen is remarkably lower than that
in the control group administered with vehicle PBS. This indicates that plasminogen can reduce
the apoptosis of pancreatic islet cells and protect the pancreatic tissue of diabetic mice.

Figure 11 shows the results of immunohistochemical staining for insulin of the pancreatic islets
after administration of plasminogen to 18-week-old diabetic mice for 35 days. A represents the
control group administered with vehicle PBS, B represents the group administered with
plasminogen, and C represents the quantitative analysis results. The results show that the
expression of insulin (indicated by arrow) in the group administered with plasminogen is
remarkably higher than that in the control group administered with vehicle PBS, and the
statistical difference is nearly significant (P = 0.15). This indicates that plasminogen can
promote repair of pancreatic islet function and promote production and secretion of insulin.

Figure 12 shows the observed results of immunohistochemical staining for insulin of the
pancreatic islets after administration of plasminogen to 24- to 25-week-old diabetic mice for 35
days. A represents the control group administered with vehicle PBS, B represents the group
administered with plasminogen, and C represents the quantitative analysis results. The results
show that the expression of insulin (indicated by arrow) in the group administered with
plasminogen is remarkably higher than that in the control group administered with vehicle PBS,
and the statistical difference is significant (* indicates P < 0.05). This indicates that
plasminogen can promote repair of pancreatic islet function and promote production and
secretion of insulin.

Figure 13 shows the results of immunohistochemical staining for insulin of the pancreatic islets
after administration of plasminogen to 26-week-old diabetic mice for 35 days. A represents the
control group administered with vehicle PBS, B represents the group administered with
plasminogen, and C represents the quantitative analysis results. The results show that the
expression of insulin (indicated by arrow) in the group administered with plasminogen is
remarkably higher than that in the control group administered with vehicle PBS, and the
statistical difference is extremely significant (** indicates P < 0.01). This indicates that
plasminogen can effectively promote repair of pancreatic islet function and promote production
and secretion of insulin.

Figure 14 shows the observed results of immunohistochemical staining for NF-kB of the
pancreatic tissues after administration of plasminogen to 24- to 25-week-old diabetic mice for
31 days. A represents a normal control group, B represents the control group administered
with vehicle PBS, C represents the group administered with plasminogen, and D represents the
quantitative analysis results. The results show that the expression of NF-kB (indicated by
arrow) in the group administered with plasminogen is remarkably higher than that in the control
group administered with vehicle PBS, and the statistical difference is significant (* indicates P <



DK/EP 3556383 T5

0.05). This indicates that plasminogen can promote expression of multi-directional nuclear
transcription factor NF-kB, thereby promoting repair of an inflammation in the pancreatic islet
of 24- to 25-week-old diabetic mice.

Figure 15 shows the observed immunohistochemiscal results for glucagon of the pancreatic
islets after administration of plasminogen to 18-week-old diabetic mice for 35 days. A
represents a normal control group, B represents the control group administered with vehicle
PBS, C represents the group administered with plasminogen, and D represents the quantitative
analysis results. The results show that glucagon is expressed in the a-cell region at the
periphery of the pancreatic islet in normal control mice. Compared with the group administered
with plasminogen, glucagon-positive cells (indicated by arrow) in the control group
administered with vehicle PBS are remarkably increased, the glucagon-positive cells infiltrate
into the central region of the pancreatic islet, and the mean optical density quantitative analysis
results show that the statistical difference is extremely significant (** indicates P < 0.01); and
glucagon-positive cells in the group administered with plasminogen are dispersed at the
periphery of the pancreatic islet, and compared with the PBS group, the morphology of the
pancreatic islet in the group administered with plasminogen is closer to that of normal mice.
This indicates that plasminogen can significantly inhibit proliferation of pancreatic islet a cells
and secretion of glucagon, and correct the disordered distribution of pancreatic islet a cells,
thus promoting repair of impaired pancreatic islet.

Figure 16 shows the observed immunohistochemical results for glucagon of the pancreatic
islets after administration of plasminogen to 24- to 25-week-old diabetic mice for 35 days. A
represents a normal control group, B represents a control group administered with vehicle
PBS, and C represents a group administered with plasminogen. The results show that
glucagon is expressed in the a-cell region at the periphery of the pancreatic islet in normal
control mice. Compared with the group administered with plasminogen, glucagon-positive cells
(indicated by arrow) in the control group administered with vehicle PBS are remarkably
increased, and the positive cells infiltrate into the central region of the pancreatic islet; and
glucagon-positive cells in the group administered with plasminogen are dispersed at the
periphery of the pancreatic islet, and compared with the PBS group, the morphology of the
pancreatic islet in the group administered with plasminogen is closer to that of normal mice.
This indicates that plasminogen can significantly inhibit proliferation of pancreatic islet a cells
and secretion of glucagon, and correct the disordered distribution of pancreatic islet a cells,
thus promoting repair of impaired pancreatic islet.

Figure 17 shows the observed immunohistochemical results for glucagon of the pancreatic
islets after administration of plasminogen to 26-week-old diabetic mice for 35 days. A
represents a normal control group, B represents the control group administered with vehicle
PBS, C represents the group administered with plasminogen, and D represents the quantitative
analysis results. The results show that glucagon is expressed in the a-cell region at the
periphery of the pancreatic islet in normal control mice. Compared with the group administered
with plasminogen, positive cells (indicated by arrow) in the control group administered with
vehicle PBS are remarkably increased, the glucagon-positive cells infiltrate into the central
region of the pancreatic islet, and the mean optical density quantitative analysis results show a
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statistical difference (* indicates P < 0.05); and glucagon-positive cells in the group
administered with plasminogen are dispersed at the periphery of the pancreatic islet, and
compared with the PBS group, the morphology of the pancreatic islet in the group administered
with plasminogen is closer to that of normal mice. This indicates that plasminogen can
significantly inhibit proliferation of pancreatic islet a cells and secretion of glucagon, and correct
the disordered distribution of pancreatic islet a cells, thus promoting repair of impaired
pancreatic islet.

Figure 18 shows the observed immunohistochemical results for glucagon of the pancreatic
islet after administration of plasminogen to mice with normal PLG activity in a T1DM model for
28 days. A represents the blank control group, B represents the control group administered
with vehicle PBS, C represents the group administered with plasminogen, and D represents the
quantitative analysis results. The results show that the positive expression of glucagon in the
control group administered with vehicle PBS is remarkably higher than that in the group
administered with plasminogen, and the mean optical density quantitative analysis results show
that the statistical difference is significant (* indicates P < 0.05). This indicates that
plasminogen can significantly reduce the secretion of glucagon from pancreatic islet a cells in
diabetic mice and promote repair of impaired pancreatic islet.

Figure 19 shows the observed immunohistochemical results for IRS-2 of the pancreatic islet
after administration of plasminogen to 18-week-old diabetic mice for 35 days. A represents a
normal control group, B represents the control group administered with vehicle PBS, C
represents the group administered with plasminogen, and D represents the quantitative
analysis results. The results show that the positive expression of IRS-2 (indicated by arrow) in
the pancreatic islets of mice in the control group administered with vehicle PBS is remarkably
less than that in the group administered with plasminogen, and the statistical difference is
extremely significant (** indicates P < 0.01); and The expression level of IRS-2 in the group
administered with plasminogen is closer to that of mice in the normal control group than that in
the group administered with vehicle PBS. This indicates that plasminogen can effectively
increase expression of IRS-2 in pancreatic islet cells, improve insulin signal transduction, and
reduce the pancreatic islet B cell injury in diabetic mice.

Figure 20 shows the observed immunohistochemical results for IRS-2 of the pancreatic islets
after administration of plasminogen to 24- to 25-week-old diabetic mice for 31 days. A
represents a normal control group, B represents the control group administered with vehicle
PBS, C represents the group administered with plasminogen, and D represents the quantitative
analysis results. The results show that the positive expression of IRS-2 (indicated by arrow) in
the pancreatic islets of mice in the control group administered with vehicle PBS is remarkably
less than that in the group administered with plasminogen, and the statistical difference is
significant (* indicates P < 0.05); and The expression level of IRS-2 in the group administered
with plasminogen is closer to that of mice in the normal control group than that in the group
administered with vehicle PBS. This indicates that plasminogen can effectively increase
expression of IRS-2 in pancreatic islet cells, improve insulin signal transduction, and reduce the
pancreatic islet B cell injury in diabetic mice.
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Figure 21 shows the observed immunohistochemical results for IRS-2 of the pancreatic islet
after administration of plasminogen to 26-week-old diabetic mice for 35 days. A represents a
normal control group, B represents the control group administered with vehicle PBS, C
represents the group administered with plasminogen, and D represents the quantitative
analysis results. The results show that the positive expression of IRS-2 (indicated by arrow) in
the pancreatic islets of mice in the control group administered with vehicle PBS is remarkably
less than that in the group administered with plasminogen; and The expression level of IRS-2
in the group administered with plasminogen is closer to that of mice in the normal control group
than that in the group administered with vehicle PBS. This indicates that plasminogen can
effectively increase expression of IRS-2 in pancreatic islet cells, improve insulin signal
transduction, and reduce the pancreatic islet B cell injury in diabetic mice.

Figure 22 shows the observed immunohistochemical results for IRS-2 of the pancreatic islet of
T1DM mice with normal PLG activity after administration of plasminogen for 28 days. A
represents a normal control group, B represents a control group administered with vehicle
PBS, and C represents a group administered with plasminogen. The results show that the
positive expression of IRS-2 (indicated by arrow) in the pancreatic islets of mice in the control
group administered with vehicle PBS is remarkably lower than that in the group administered
with plasminogen, and the expression level of IRS-2 in the group administered with
plasminogen is closer to that of mice in the normal control group than that in the group
administered with vehicle PBS. This indicates that plasminogen can effectively increase
expression of IRS-2 in pancreatic islet cells, improve insulin signal transduction, and reduce the
pancreatic islet B cell injury in T1DM mice with normal PLG activity.

Figure 23 shows the observed immunohistochemical results for neutrophils of the pancreatic
islets after administration of plasminogen to 26-week-old diabetic mice for 35 days. A
represents a normal control group, B represents a control group administered with vehicle
PBS, and C represents a group administered with plasminogen. The results show that positive
expression cells (indicated by arrow) in the group administered with plasminogen are less than
those in the control group administered with vehicle PBS, and the result of the group
administered with plasminogen is closer to that of the normal control group than that of the
group administered with vehicle PBS. This indicates that plasminogen can reduce infiltration of
neutrophils.

Figure 24 shows the observed immunohistochemical results for neutrophils of the pancreatic
islets after administration of plasminogen to mice with impaired PLG activity in a T1DM model
for 28 days. A represents a blank control group, B represents a control group administered
with vehicle PBS, and C represents a group administered with plasminogen. The results show
that positive expression cells (indicated by arrow) in the group administered with plasminogen
are less than those in the control group administered with vehicle PBS, and the result of the
group administered with plasminogen is closer to that of the blank control group than that of
the group administered with vehicle PBS. This indicates that plasminogen can reduce
infiltration of pancreatic islet neutrophils in mice with impaired PLG activity in a T1DM model.

Figure 25 shows the observed immunohistochemical results for neutrophils of the pancreatic
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islets after administration of plasminogen to mice with normal PLG activity in a T1DM model for
28 days. A represents a blank control group, B represents a control group administered with
vehicle PBS, and C represents a group administered with plasminogen. The results show that
positive expression cells (indicated by arrow) in the group administered with plasminogen are
less than those in the control group administered with vehicle PBS, and the result of the group
administered with plasminogen is closer to that of the blank control group than that of the
group administered with vehicle PBS. This indicates that plasminogen can promote infiltration
of pancreatic islet neutrophils in mice with normal PLG activity in a T1DM model.

Figure 26 shows the observed immunohistochemical results for insulin of the pancreatic islets
after administration of plasminogen to mice with impaired PLG activity in a T1DM model for 28
days. A represents a blank control group, B represents a control group administered with
vehicle PBS, and C represents a group administered with plasminogen. The
immunohistochemical results show that the positive expression of insulin (indicated by arrow)
in the group administered with plasminogen is remarkably higher than that in the control group
administered with vehicle PBS, and the result of the group administered with plasminogen is
closer to that of the blank control group than that of the group administered with vehicle PBS.
This indicates that plasminogen can promote synthesis and secretion of insulin in mice with
impaired PLG activity in a T1DM model.

Figure 27 shows the observed immunohistochemical results for insulin of the pancreatic islets
after administration of plasminogen to mice with normal PLG activity in a T1DM model for 28
days. A represents a blank control group, B represents a control group administered with
vehicle PBS, and C represents a group administered with plasminogen. The
immunohistochemical results show that the positive expression of insulin (indicated by arrow)
in the group administered with plasminogen is remarkably higher than that in the control group
administered with vehicle PBS, and the result of the group administered with plasminogen is
closer to that of the blank control group than that of the group administered with vehicle PBS.
This indicates that plasminogen can promote synthesis and expression of insulin in mice with
normal PLG activity in a T1DM model.

Figure 28 shows the observed immunohistochemical results for NF-kB of the pancreatic islets
after administration of plasminogen to mice with impaired PLG activity in a T1DM model for 28
days. A represents a blank control group, B represents a control group administered with
vehicle PBS, and C represents a group administered with plasminogen. The results show that
the expression of NF-kB (indicated by arrow) in the group administered with plasminogen is
remarkably higher than that in the control group administered with vehicle PBS. This indicates
that plasminogen can promote expression of inflammation repair factor NF-kB, thereby
promoting repair of an inflammation in the pancreatic islet.

Figure 29 shows the observed immunohistochemical results for NF-kB of the pancreatic islet
after administration of plasminogen to 18-week-old diabetic mice for 35 days. A represents the
control group administered with vehicle PBS, and B represents the group administered with
plasminogen. The experimental results show that the expression of NF-kB (indicated by arrow)
in the group administered with plasminogen is remarkably higher than that in the control group
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administered with vehicle PBS. This indicates that plasminogen can promote expression of
multi-directional nuclear transcription factor NF-kB, thereby promoting repair of an
inflammation in the pancreatic islet of relatively young (18-week-old) diabetic mice.

Figure 30 shows the observed immunohistochemical results for NF-kB of the pancreatic islet
after administration of plasminogen to 26-week-old diabetic mice for 35 days. A represents a
normal control group, B represents a control group administered with vehicle PBS, and C
represents a group administered with plasminogen. The results of the experiment of the
present invention show that the expression of NF-kB (indicated by arrow) in the group
administered with plasminogen is remarkably higher than that in the control group
administered with vehicle PBS. This indicates that plasminogen can promote expression of
multi-directional nuclear transcription factor NF-kB, thereby promoting repair of an
inflammation in the pancreatic islet of relatively old (26-week-old) diabetic mice.

Figure 31 shows the observed immunohistochemical results for TNF-a of the pancreatic islets
after administration of plasminogen to 24- to 25-week-old diabetic mice for 31 days. A
represents a normal control group, B represents a control group administered with vehicle
PBS, and C represents a group administered with plasminogen. The research results show
that the positive expression of TNF-a (indicated by arrow) in the group administered with
plasminogen are remarkably higher than that in the control group administered with vehicle
PBS, and the result of the group administered with plasminogen is closer to that of the normal
control group than that of the group administered with vehicle PBS. This indicates that
plasminogen can promote expression of TNF-a, thereby promoting repair of impaired
pancreatic islet in 24- to 25-week-old diabetic mice.

Figure 32 shows the observed immunohistochemical results for TNF-a of the pancreatic islets
after administration of plasminogen to 26-week-old diabetic mice for 31 days. A represents a
normal control group, B represents a control group administered with vehicle PBS, and C
represents a group administered with plasminogen. The research results show that the positive
expression of TNF-a (indicated by arrow) in the group administered with plasminogen are
remarkably higher than that in the control group administered with vehicle PBS, and the result
of the group administered with plasminogen is closer to that of the normal control group than
that of the group administered with vehicle PBS. This indicates that plasminogen can promote
expression of TNF-a, thereby promoting repair of impaired pancreatic islet in 26-week-old
diabetic mice.

Figure 33 shows the observed immunohistochemical results for TNF-a of the pancreatic islets
after administration of plasminogen to mice with impaired PLG activity in a T1DM model for 28
days. A represents the control group administered with vehicle PBS, and B represents the
group administered with plasminogen. The research results show that the positive expression
of TNF-a (indicated by arrow) in the group administered with plasminogen is remarkably higher
than that in the control group administered with vehicle PBS. This indicates that plasminogen
can promote expression of TNF-a, thereby promoting repair of impaired pancreatic islet in
mice with impaired PLG activity in a T1DM model.

Figure 34 shows the observed immunohistochemical results for IgM of the pancreatic islets
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after administration of plasminogen to mice with impaired PLG activity in a T1DM model for 28
days. A represents a blank control group, B represents a control group administered with
vehicle PBS, and C represents a group administered with plasminogen. The research results of
this experiment show that the positive expression of IgM (indicated by arrow) in the group
administered with plasminogen is remarkably lower than that in the control group administered
with vehicle PBS, and the result of the group administered with plasminogen is closer to that of
the normal control group than that of the group administered with vehicle PBS. This indicates
that plasminogen can reduce expression of IgM, thereby reducing impaired pancreatic islet in
mice with impaired PLG activity in a T1DM model.

Figure 35 shows the results of TUNEL staining of the pancreatic islets after administration of
plasminogen to 24- to 25-week-old diabetic mice for 31 days. A represents a normal control
group, B represents a control group administered with vehicle PBS, and C represents a group
administered with plasminogen. The results of this experiment show that the number of
positive cells (indicated by arrow) in the group administered with plasminogen is remarkably
smaller than that in the control group administered with vehicle PBS. Positive TUNEL staining is
extremely low in the normal control group. The apoptosis rate of the normal control group is
about 8%, the apoptosis rate in the group administered with vehicle PBS is about 93%, and the
apoptosis rate in the group administered with plasminogen is about 16%. This indicates that
the plasminogen group can significantly reduce the apoptosis of pancreatic islet cells in
diabetic mice.

Figure 36 shows detection results of serum fructosamine after administration of plasminogen
to 26-week-old diabetic mice for 35 days. The detection results show that the concentration of
serum fructosamine in the group administered with plasminogen is remarkably lower than that
in the control group administered with vehicle PBS, and the statistical difference is nearly
significant (P = 0.06). This indicates that plasminogen can significantly reduce the blood
glucose level in diabetic mice.

Figure 37 shows detection results of blood glucose after administration of plasminogen to mice
in a T1DM model for 20 days. The results show that the blood glucose level of the mice in the
control group administered with vehicle PBS is remarkably higher than that of the mice in the
group administered with plasminogen, and the statistical difference is significant (P = 0.04).
This indicates that plasminogen can promote the glucose decomposing ability of T1DM mice,
thereby lowering blood glucose.

Figure 38 shows detection results of serum insulin after administration of plasminogen to mice
in a T1DM model for 20 days. The results show that the concentration of serum insulin in the
mice in the control group administered with vehicle PBS is remarkably lower than that of the
mice in the group administered with plasminogen, and the statistical difference is nearly
significant (P = 0.08). This indicates that plasminogen can promote secretion of insulin in
T1DM mice.

Examples
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Example 1. Plasminogen lowers blood glucose in diabetic mice

[0103] Eight 24- to 25-week-old male db/db mice were randomly divided into two groups, a
group of 5 mice administered with plasminogen, and a control group of 3 mice administered
with vehicle PBS. The mice were weighed and grouped on the day the experiment started, i.e.
day 0. Plasminogen or PBS was administered starting from day 1. The mice in the group
administered with plasminogen were injected with human plasminogen at a dose of 2 mg/0.2
mL/mouse/day via the tail vein, and the mice in the control group administered with vehicle
PBS were injected with an equal volume of PBS via the tail vein, both lasting for 31 consecutive
days. After fasting for 16 hours on days 10 and 31, blood glucose testing was carried out using
a blood glucose test paper (Roche, Mannheim, Germany).

[0104] The results show that the blood glucose level in mice in the group administered with
plasminogen was remarkably lower than that in the control group administered with vehicle
PBS, and the statistical difference was significant (* indicates P < 0.05, and * indicates P <
0.01). In addition, with the prolongation of the administration time, the blood glucose level of
the mice in the control group administered with vehicle PBS has a tendency to rise, whereas
the blood glucose level of the group administered with plasminogen gradually decreases
(Figure 1). This indicates that plasminogen has an effect of reducing blood glucose in diabetic
animals.

Example 2. Plasminogen lowers fructosamine level in diabetic mice

[0105] For five 24- to 25-week-old male db/db mice, 50 ul of blood was collected from venous
plexus in the eyeballs of each mouse one day before administration, recorded as day 0, for
detecting a concentration of serum fructosamine; and starting from day 1, plasminogen is
administered for 31 consecutive days. On day 32, blood was taken from the removed eyeballs
to detect the concentration of serum fructosamine. The concentration of fructosamine was
measured using a fructosamine detection kit (A037-2, Nanjing Jiancheng).

[0106] The concentration of fructosamine reflects the average level of blood glucose within 1
to 3 weeks. The results show that the concentration of serum fructosamine is remarkably
decreased after administration of plasminogen, and as compared with that before
administration, the statistical difference is extremely significant (Figure 2). This indicates that
plasminogen can effectively reduce blood glucose in diabetic animals.

Example 3. Plasminogen lowers glycated hemoglobin level in diabetic mice
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[0107] Nine 26-week-old male db/db mice were weighed and then randomly divided, according
to body weight, into two groups, a group of 4 mice administered with plasminogen and a
control group of 5 mice administered with vehicle PBS, on the day the experiment started.
Starting from day 1, plasminogen or PBS was administered. The mice in the group
administered with plasminogen were injected with human plasminogen at a dose of 2 mg/0.2
mL/mouse/day via the tail vein, and the mice in the control group administered with vehicle
PBS were injected with an equal volume of PBS via the tail vein, both lasting for 35 consecutive
days. On day 35, the mice were fasted for 16 hours, and on day 36, the blood was taken from
removed eyeballs for detecting the concentration of plasma glycated hemoglobin.

[0108] The content of glycated hemoglobin can generally reflect the control of blood glucose in
a patient within recent 8 to 12 weeks. The results show that the concentration of glycated
hemoglobin in the mice in the group administered with plasminogen is remarkably lower than
that in the control group administered with vehicle PBS, and the statistical difference is
significant (Figure 3). This indicates that plasminogen can effectively reduce the blood glucose
level in diabetic animals.

Example 4. Plasminogen improves glucose tolerance of diabetic mice

[0109] Nine 26-week-old male db/db mice and three db/m mice were involved. On the day the
experiment started, the db/db mice were weighed and then randomly divided, according to
body weight, into two groups, a group of 4 mice administered with plasminogen and a control
group of 5 mice administered with vehicle PBS, and the db/m mice were used as a normal
control group. Starting from day 1, plasminogen or PBS was administered. The mice in the
group administered with plasminogen were injected with human plasminogen at a dose of 2
mg/0.2 mL/mouse/day via the tail vein, and the mice in the control group administered with
vehicle PBS were injected with an equal volume of PBS via the tail vein, both lasting for 10
consecutive days. On day 11, after the mice were fasted for 16 hours, each mouse was
intraperitoneally injected with 5% glucose solution at 5 g/kg body weight, and the concentration
of blood glucose was detected 0, 30, 60, 90, 120, and 180 minutes using a blood glucose test
paper (Roche, Mannheim, Germany).

[0110] An intraperitoneal glucose tolerance test (IPGTT) can detect the tolerance of a body to
glucose. It is known in the prior art that the glucose tolerance of a diabetic patient is
decreased.

[0111] The experimental results show that after intraperitoneal injection of glucose, the blood
glucose level of the mice in the group administered with plasminogen is lower than that in the
control group administered with vehicle PBS, and compared with the control group
administered with vehicle PBS, the glucose tolerance curve of the group administered with
plasminogen is closer to that of the normal mice group (Figure 4). This indicates that
plasminogen can remarkably improve the glucose tolerance of diabetic mice.
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Example 5. Plasminogen lowers blood glucose level in mice with normal PLG activity in
T1DM model

[0112] Ten 9- to 10-week-old male db/db mice with normal PLG activity were randomly divided
into two groups, a control group administered with vehicle PBS and a group administered with
plasminogen, with 5 mice in each group. The two groups of mice were fasted for 4 hours and
intraperitoneally injected with 200 mg/kg streptozotocin (STZ) (Sigma S0130), in a single dose,

to induce T1DM 431, 12 days after the injection of STZ, administration was carried out and this
day was recorded as administration day 1. The group administered with plasminogen was
injected with human plasmin at a dose of 1 mg/0.1 mL/mouse/day via the tail vein, and the
control group administered with vehicle PBS was injected with an equal volume of PBS via the
tail vein, both lasting for 10 consecutive days. On day 11, after the mice were fasted for 6
hours, blood glucose testing was carried out using a blood glucose test paper (Roche,
Mannheim, Germany).

[0113] The results show that the blood glucose level of the mice in the control group
administered with vehicle PBS is remarkably higher than that of the mice in the group
administered with plasminogen, and the statistical difference is extremely significant (Figure 5).
This indicates that plasminogen can significantly reduce the blood glucose level in mice with
normal PLG activity in the T1DM model.

Example 6. Plasminogen improves glucose tolerance of T1DM model mice

[0114] Fifteen 9- to 10-week-old male db/db mice with normal PLG activity were randomly
divided into three groups, a blank control group, a control group administered with vehicle PBS
and a group administered with plasminogen, with 5 mice in each group. The mice in the group
administered with vehicle PBS and the group administered with plasminogen were fasted for 4
hours and then intraperitoneally injected with 200 mg/kg STZ (Sigma S0130), in a single dose,

to induce T1DM %3], while the blank group was not treated. 12 days after the injection of STZ,
administration was carried out and this day was recorded as administration day 1. The group
administered with plasminogen was injected with human plasmin at a dose of 1 mg/0.1
mL/mouse/day via the tail vein, and the control group administered with vehicle PBS was
injected with an equal volume of PBS via the tail vein, both lasting for 28 consecutive days. On
day 28, after the mice were fasted for 6 hours, 5% glucose solution was intraperitoneally
injected at 5 g/kg body weight, and the concentration of blood glucose was detected 0, 15, 30,
60, and 90 minutes after the injection using a blood glucose test paper (Roche, Mannheim,
Germany).

[0115] An intraperitoneal glucose tolerance test (IPGTT) can detect the tolerance of a body to
glucose. It is known in the prior art that the glucose tolerance of a diabetic patient is
decreased.
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[0116] The results show that after injection of glucose, the blood glucose concentration of the
mice in the control group administered with vehicle PBS is remarkably higher than that in the
group administered with plasminogen, and compared with the control group administered with
vehicle PBS, the glucose tolerance curve of the group administered with plasminogen is closer
to that of normal mice (Figure 6). This indicates that plasminogen can increase the glucose
tolerance of mice with normal PLG activity in the T1DM model.

Example 7. Plasminogen promotes insulin secretion function of diabetic mice

[0117] Nine 26-week-old male db/db mice were weighed and randomly divided, according to
body weight, into two groups, a group of 4 mice administered with plasminogen and a control
group of 5 mice administered with vehicle PBS, on the day the experiment started that was
recorded as day 0. Starting from the 1st day, plasminogen or PBS was administered. The
group administered with plasminogen was injected with human plasminogen at a dose of 2
mg/0.2 mL/mouse/day via the tail vein, and the control group administered with vehicle PBS
was injected with an equal volume of PBS via the tail vein, both lasting for 35 consecutive days.
On day 35, the mice were fasted for 16 hours; and on day 36, the blood was taken from
removed eyeballs, and centrifuged to obtain a supernatant, and the serum insulin level was
detected using an insulin detection kit (Mercodia AB) according to operating instructions.

[0118] The detection results show that the serum insulin level in the group administered with
plasminogen is remarkably higher than that in the control group administered with vehicle PBS,
and the statistical difference is significant (Figure 7). This indicates that plasminogen can
significantly increase secretion of insulin in diabetic mice.

Example 8. Protective effect of plasminogen on pancreas of diabetic mice

[0119] Seven 24- to 25-week-old male db/db mice were weighed and randomly divided,
according to body weight, into two groups, a group of 4 mice administered with plasminogen
and a control group of 3 mice administered with vehicle PBS, on the day the experiment
started that was recorded as day 0. Starting from day 1, plasminogen or PBS was
administered. The mice in the group administered with plasminogen were injected with human
plasminogen at a dose of 2 mg/0.2 mL/mouse/day via the tail vein, and the mice in the control
group administered with vehicle PBS were injected with an equal volume of PBS via the tail
vein, both lasting for 31 consecutive days. On day 32, the mice were sacrificed, and the
pancreas was taken and fixed in 4% paraformaldehyde. The fixed pancreas tissues were
paraffin-embedded after dehydration with alcohol gradient and permeabilization with xylene.
The tissue sections were 3 uym thick. The sections were dewaxed and rehydrated, stained with
hematoxylin and eosin (HE staining), differentiated with 1% hydrochloric acid in alcohol, and
returned to blue with ammonia water. The sections were sealed after dehydration with alcohol
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gradient, and observed under an optical microscope at 200x and 400x.

[0120] The results show that most of the pancreatic islets in the control groups administered
with vehicle PBS (Figures 8A and 8B) are atrophied, the atrophied pancreatic islet cells are
replaced by acini (indicated by arrow), and there is acinar hyperplasia at the edge of the
pancreatic islets, causing the boundary between pancreatic islet and acini to be unclear; in the
groups administered with plasminogen (Figures 8C and 8D), most of the pancreatic islets are
larger than those in the control groups, there is no acinar hyperplasia in the pancreatic islets,
only a small number of acini remain in a few pancreatic islets, and the boundary between
pancreatic islet and acini is clear. Comparing the administration groups with the control groups
in terms of the area ratio of pancreatic islet to pancreas, it is found that the area ratio in the
administration groups are almost twice as large as that in the control groups (Figure 8E). This
indicates that plasminogen can promote repair of impaired pancreatic islet in diabetic mice,
suggesting that plasminogen may fundamentally cure diabetes mellitus by promoting repair of
impaired pancreatic islet.

Example 9. Plasminogen reduces collagen deposition in the pancreatic islet of diabetic
mice

[0121] Sixteen 24- to 25-week-old male db/db mice were weighed and randomly divided,
according to body weight, into two groups, a group of 10 mice administered with plasminogen
and a control group of 6 mice administered with vehicle PBS, on the day the experiment
started that was recorded as day 0. Starting from day 1, plasminogen or PBS was
administered. The mice in the group administered with plasminogen were injected with human
plasminogen at a dose of 2 mg/0.2 mL/mouse/day via the tail vein, and the mice in the control
group administered with vehicle PBS were injected with an equal volume of PBS via the tail
vein, both lasting for 31 consecutive days. On day 32, the mice were sacrificed, and the
pancreas was taken and fixed in 4% paraformaldehyde. The fixed pancreas tissues were
paraffin-embedded after dehydration with alcohol gradient and permeabilization with xylene.
The tissue sections was 3 pym thick. The sections were dewaxed and rehydrated and washed
with water once. After stained with 0.1% Sirius red for 60 min, the sections were flushed with
running water. After stained with hematoxylin for 1 min, the sections were flushed with running
water, differentiated with 1% hydrochloric acid in alcohol and returned to blue with ammonia
water, flushed with running water, dried and sealed. The sections were observed under an
optical microscope at 200x.

[0122] Sirius red staining allows for long-lasting staining of collagen. As a special staining
method for pathological sections, Sirius red staining can show the collagen tissue specifically.

[0123] The staining results show that the collagen deposition (indicated by arrow) in the
pancreatic islet of the mice in the group administered with plasminogen (Figure 9B) was
remarkably lower than that in the control group administered with vehicle PBS (Figure 9A), and
the statistical difference was significant (Figure 9C). This indicates that plasminogen can
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reduce pancreatic islet fibrosis in diabetic animals.

Example 10. Plasminogen reduces pancreatic islet cell apoptosis in diabetic mice

[0124] Six 24- to 25-week-old male db/db mice were weighed and randomly divided, according
to body weight, into two groups, a group of 4 mice administered with plasminogen and a
control group of 2 mice administered with vehicle PBS, on the day the experiment started that
was recorded as day 0. Starting from the 1st day, plasminogen or PBS was administered. The
group administered with plasminogen was injected with human plasminogen at a dose of 2
mg/0.2 mL/mouse/day via the tail vein, and the control group administered with vehicle PBS
was injected with an equal volume of PBS via the tail vein, both lasting for 31 consecutive days.
On day 32, the mice were sacrificed, and the pancreas was taken and fixed in 4%
paraformaldehyde. The fixed pancreas tissues were paraffin-embedded after dehydration with
alcohol gradient and permeabilization with xylene. The thickness of the tissue sections was 3
pm. The sections were dewaxed and rehydrated and washed with water once. The sections
were incubated with 3% hydrogen peroxide for 15 minutes and washed with water twice for 5
minutes each time. The sections were blocked with 5% normal goat serum liquid (Vector
laboratories, Inc., USA) for 1 hour, and thereafter, the goat serum liquid was discarded, and
the tissues were circled with a PAP pen. The sections were incubated with rabbit anti-mouse
Caspase-3 (Abeam) at 4°C overnight and washed with PBS twice for 5 minutes each time. The
sections were incubated with a secondary antibody, goat anti-rabbit IgG (HRP) antibody
(Abeam), for 1 hour at room temperature and washed with PBS twice for 5 minutes each time.
The sections were developed with a DAB kit (Vector laboratories, Inc., USA). After washed with
water three times, the sections were counterstained with hematoxylin for 30 seconds and
flushed with running water for 5 minutes. After dehydration with a gradient, permeabilization
and sealing, the sections were observed under an optical microscope at 200x.

[0125] Caspase-3 is the most important terminal cleavage enzyme in the process of cell

apoptosis, and the more the expression thereof, the more the cells in an apoptotic state [44].

[0126] The results of the experiment of the present invention show that the expression of
Caspase-3 (indicated by arrow) in the group administered with plasminogen (Figure 10B) is
remarkably lower than that in the control group administered with vehicle PBS (Figure 10A).
This indicates that plasminogen can reduce the apoptosis of pancreatic islet cells.

Example 11. Plasminogen promotes expression and secretion of insulin in 18-week-old
diabetic mice

[0127] Eight 18-week-old male db/db mice were weighed and randomly divided, according to
body weight, into two groups, a group administered with plasminogen and a control group
administered with vehicle PBS, with 4 mice in each group, on the day the experiment started
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that was recorded as day 0. Starting from the 1st day, plasminogen or PBS was administered.
The group administered with plasminogen was injected with human plasminogen at a dose of 2
mg/0.2 mL/mouse/day via the tail vein, and the control group administered with vehicle PBS
was injected with an equal volume of PBS via the tail vein, both lasting for 31 consecutive days.
On day 36, the mice were sacrificed, and the pancreas was taken and fixed in 4%
paraformaldehyde. The fixed pancreas tissues were paraffin-embedded after dehydration with
alcohol gradient and permeabilization with xylene. The thickness of the tissue sections was 3
pm. The sections were dewaxed and rehydrated and washed with water once. The sections
were incubated with 3% hydrogen peroxide for 15 minutes and washed with water twice for 5
minutes each time. The sections were blocked with 5% normal goat serum liquid (Vector
laboratories, Inc., USA) for 1 hour, and thereafter, the goat serum liquid was discarded, and
the tissues were circled with a PAP pen. The sections were incubated with rabbit anti-mouse
insulin antibody (Abeam) at 4°C overnight and washed with PBS twice for 5 minutes each time.
The sections were incubated with a secondary antibody, goat anti-rabbit IgG (HRP) antibody
(Abeam), for 1 hour at room temperature and washed with PBS twice for 5 minutes each time.
The sections were developed with a DAB kit (Vector laboratories, Inc., USA). After washed with
water three times, the sections were counterstained with hematoxylin for 30 seconds and
flushed with running water for 5 minutes. After gradient dehydration, permeabilization and
sealing, the sections were observed under a microscope at 200 x.

[0128] The results show that the expression of insulin (indicated by arrow) in the group
administered with plasminogen (Figure 11A) is remarkably higher than that in the control group
administered with vehicle PBS (Figure 11A), and the statistical difference is nearly significant (P
= 0.15) (Figure 11C). This indicates that plasminogen can promote repair of pancreatic islet
function and promote expression and secretion of insulin.

Example 12. Plasminogen promotes expression and secretion of insulin in 24- to 25-
week-old diabetic mice

[0129] Eight 24- to 25-week-old male db/db mice were weighed and randomly divided,
according to body weight, into two groups, a group of 5 mice administered with plasminogen
and a control group of 3 mice administered with vehicle PBS, on the day the experiment
started that was recorded as day 0. Starting from the 1st day, plasminogen or PBS was
administered. The group administered with plasminogen was injected with human plasminogen
at a dose of 2 mg/0.2 mL/mouse/day via the tail vein, and the control group administered with
vehicle PBS was injected with an equal volume of PBS via the tail vein, both lasting for 31
consecutive days. On day 32, the mice were sacrificed, and the pancreas was taken and fixed
in 4% paraformaldehyde. The fixed pancreas tissues were paraffin-embedded after
dehydration with alcohol gradient and permeabilization with xylene. The thickness of the tissue
sections was 3 pm. The sections were dewaxed and rehydrated and washed with water once.
The sections were incubated with 3% hydrogen peroxide for 15 minutes and washed with
water twice for 5 minutes each time. The sections were blocked with 5% normal goat serum
liquid (Vector laboratories, Inc., USA) for 1 hour, and thereafter, the goat serum liquid was
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discarded, and the tissues were circled with a PAP pen. The sections were incubated with
rabbit anti-mouse insulin antibody (Abeam) at 4°C overnight and washed with PBS twice for 5
minutes each time. The sections were incubated with a secondary antibody, goat anti-rabbit
IgG (HRP) antibody (Abeam), for 1 hour at room temperature and washed with PBS twice for 5
minutes each time. The sections were developed with a DAB kit (Vector laboratories, Inc.,
USA). After washed with water three times, the sections were counterstained with hematoxylin
for 30 seconds and flushed with running water for 5 minutes. After gradient dehydration,
permeabilization and sealing, the sections were observed under a microscope at 200 x.

[0130] The results show that the expression of insulin (indicated by arrow) in the group
administered with plasminogen is remarkably higher than that in the control group
administered with vehicle PBS, and the statistical difference is significant (P = 0.02) (Figure
12). This indicates that plasminogen can effectively repair the pancreatic islet function and
promote expression and secretion of insulin.

Example 13. Plasminogen promotes repair of insulin synthesis and secretion function
of diabetic mice

[0131] Nine 26-week-old male db/db mice were weighed and randomly divided, according to
body weight, into two groups, a group of 4 mice administered with plasminogen and a control
group of 5 mice administered with vehicle PBS, on the day the experiment started that was
recorded as day 0. Starting from the 1st day, plasminogen or PBS was administered. The
group administered with plasminogen was injected with human plasminogen at a dose of 2
mg/0.2 mL/mouse/day via the tail vein, and the control group administered with vehicle PBS
was injected with an equal volume of PBS via the tail vein, both lasting for 35 consecutive days.
On day 35, the mice were fasted for 16 hours; and on day 36, the mice were sacrificed, and
the pancreas was taken and fixed in 4% paraformaldehyde. The fixed pancreas tissues were
paraffin-embedded after dehydration with alcohol gradient and permeabilization with xylene.
The thickness of the tissue sections was 3 ym. The sections were dewaxed and rehydrated
and washed with water once. The sections were incubated with 3% hydrogen peroxide for 15
minutes and washed with water twice for 5 minutes each time. The sections were blocked with
5% normal goat serum liquid (Vector laboratories, Inc., USA) for 1 hour, and thereafter, the
goat serum liquid was discarded, and the tissues were circled with a PAP pen. The sections
were incubated with rabbit anti-mouse insulin antibody (Abeam) at 4°C overnight and washed
with PBS twice for 5 minutes each time. The sections were incubated with a secondary
antibody, goat anti-rabbit IgG (HRP) antibody (Abeam), for 1 hour at room temperature and
washed with PBS twice for 5 minutes each time. The sections were developed with a DAB kit
(Vector laboratories, Inc., USA). After washed with water three times, the sections were
counterstained with hematoxylin for 30 seconds and flushed with running water for 5 minutes.
After gradient dehydration, permeabilization and sealing, the sections were observed under a
microscope at 200 x,

[0132] The results show that the expression of insulin (indicated by arrow) in the group
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administered with plasminogen is remarkably higher than that in the control group
administered with vehicle PBS, and the statistical difference is extremely significant (P = 0.005)
(Figure 13). This indicates that plasminogen can effectively repair the pancreatic islet function
of diabetic mice and improve expression and secretion of insulin.

Example 14. Plasminogen promotes expression of multi-directional nuclear
transcription factor NF-kB in pancreatic islet of 24- to 25-week-old diabetic mice

[0133] Ten 24- to 25-week-old male db/db mice were weighed and randomly divided,
according to body weight, into two groups, a group of 4 mice administered with plasminogen
and a control group of 6 mice administered with vehicle PBS, on the day the experiment
started that was recorded as day O; in addition, four additional db/m mice were used as a
normal control group and this normal control group was not treated. Starting from the 1st day,
plasminogen or PBS was administered. The group administered with plasminogen was injected
with human plasminogen at a dose of 2 mg/0.2 mL/mouse/day via the tail vein, and the control
group administered with vehicle PBS was injected with an equal volume of PBS via the tail vein,
both lasting for 31 consecutive days. On day 32, the mice were sacrificed, and the pancreas
was taken and fixed in 4% paraformaldehyde. The fixed pancreas tissues were paraffin-
embedded after dehydration with alcohol gradient and permeabilization with xylene. The
thickness of the tissue sections was 3 ym. The sections were dewaxed and rehydrated and
washed with water once. The sections were incubated with 3% hydrogen peroxide for 15
minutes and washed with water twice for 5 minutes each time. The sections were blocked with
5% normal goat serum liquid (Vector laboratories, Inc., USA) for 1 hour, and thereafter, the
goat serum liquid was discarded, and the tissues were circled with a PAP pen. The sections
were incubated with rabbit anti-mouse NF-kB (Abeam) at 4°C overnight and washed with PBS
twice for 5 minutes each time. The sections were incubated with a secondary antibody, goat
anti-rabbit IgG (HRP) antibody (Abeam), for 1 hour at room temperature and washed with PBS
twice for 5 minutes each time. The sections were developed with a DAB kit (Vector
laboratories, Inc., USA). After washed with water three times, the sections were counterstained
with hematoxylin for 30 seconds and flushed with running water for 5 minutes. After gradient
dehydration, permeabilization and sealing, the sections were observed under a microscope at
200 x.

[0134] NF-kB is a member of the transcription factor protein family and plays an important role

in the process of repairing an inflammation [4°].

[0135] The results of the experiment of the present invention show that the expression of NF-
KB (indicated by arrow) in the group administered with plasminogen is remarkably higher than
that in the control group administered with vehicle PBS, and the statistical difference is
significant (Figure 14). This indicates that plasminogen can promote expression of multi-
directional nuclear transcription factor NF-kB.

Example 15. Plasminogen reduces proliferation of pancreatic islet a cells in 18-week-



DK/EP 3556383 T5

old diabetic mice, restores normal distribution of pancreatic islet a cells and reduces
secretion of glucagon

[0136] Eight male db/db mice and three male db/m mice, 18 weeks old, were weighed and the
db/db mice were randomly divided, according to body weight, into two groups, a group
administered with plasminogen and a control group administered with vehicle PBS, with 4 mice
in each group, on the day the experiment started that was recorded as day 0; in addition, the
db/m mice were used as a normal control group. Starting from day 1, plasminogen or PBS was
administered. The mice in the group administered with plasminogen were injected with human
plasminogen at a dose of 2 mg/0.2 mL/mouse/day via the tail vein, and the mice in the control
group administered with vehicle PBS were injected with an equal volume of PBS via the tail
vein, both lasting for 35 consecutive days. On day 36, the mice were sacrificed, and the
pancreas was taken and fixed in 4% paraformaldehyde. The fixed pancreas tissues were
paraffin-embedded after dehydration with alcohol gradient and permeabilization with xylene.
The thickness of the tissue sections was 3 ym. The sections were dewaxed and rehydrated
and washed with water once. The tissues were circled with a PAP pen, incubated with 3%
hydrogen peroxide for 15 minutes, and washed with 0.01M PBS twice for 5 minutes each time.
The sections were blocked with 5% normal goat serum (Vector laboratories, Inc., USA) for 30
minutes, and after the time was up, the goat serum liquid was discarded. Rabbit anti-mouse
glucagon antibody (Abcam) was added to the sections dropwise, incubated at 4°C overnight,
and washed with 0.01 M PBS twice for & minutes each time. The sections were incubated with
a secondary antibody, goat anti-rabbit IgG (HRP) antibody (Abeam), for 1 hour at room
temperature and washed with 0.01 M PBS twice for 5 minutes each time. The sections were
developed with a DAB kit (Vector laboratories, Inc., USA). After washed with water three times,
the sections were counterstained with hematoxylin for 30 seconds and flushed with running
water for 5 minutes. After dehydration with alcohol gradient, permeabilization with xylenehe,
and sealing with a neutral gum, the sections were observed under an optical microscope at
200x.

[0137] Pancreatic islet a cells synthesize and secrete glucagon, which is mainly distributed in
the peripheral region of the pancreatic islet.

[0138] The results show that compared with the group administered with plasminogen (Figure
15C), glucagon-positive cells (indicated by arrow) in the control group administered with
vehicle PBS (Figure 15B) are remarkably increased, the positive cells infiltrate into the central
region of the pancreatic islet, and the mean optical density quantitative analysis results show a
statistical difference (** indicates P < 0.01) (Figure 15D); and glucagon-positive cells in the
group administered with plasminogen are dispersed at the periphery of the pancreatic islet,
and compared with the group administered with vehicle PBS, the morphology of the pancreatic
islet in the group administered with plasminogen is closer to that in the normal control group
(Figure 15A). This indicates that plasminogen can significantly inhibit proliferation of pancreatic
islet a cells and secretion of glucagon in 18-week-old diabetic mice, and correct the disordered
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distribution of pancreatic islet a cells, suggesting that plasminogen promotes repair of impaired
pancreatic islet.

Example 16. Plasminogen reduces proliferation of pancreatic islet a cells in 24- to 25-
week-old diabetic mice, restores normal distribution of pancreatic islet a cells and
reduces secretion of glucagon

[0139] Eleven male db/db mice and five male db/m mice, 24-25 weeks old, were weighed and
the db/db mice were weighed and then randomly divided into two groups, a group of 5 mice
administered with plasminogen and a control group of 6 mice administered with vehicle PBS,
on the day the experiment started that was recorded as day 0; in addition, the db/m mice were
used as a normal control group. Starting from day 1, plasminogen or PBS was administered.
The mice in the group administered with plasminogen were injected with human plasminogen
at a dose of 2 mg/0.2 mL/mouse/day via the tail vein, and the mice in the control group
administered with vehicle PBS was injected with an equal volume of PBS via the tail vein or
without any liquid, both lasting for 31 consecutive days. On day 32, the mice were sacrificed,
and the pancreas was taken and fixed in 4% paraformaldehyde. The fixed pancreas tissues
were paraffin-embedded after dehydration with alcohol gradient and permeabilization with
xylene. The thickness of the tissue sections was 3 pm. The sections were dewaxed and
rehydrated and washed with water once. The tissues were circled with a PAP pen, incubated
with 3% hydrogen peroxide for 15 minutes, and washed with 0.01M PBS twice for 5 minutes
each time. The sections were blocked with 5% normal goat serum (Vector laboratories, Inc.,
USA) for 30 minutes, and after the time was up, the goat serum liquid was discarded. Rabbit
anti-mouse glucagon antibody (Abeam) was added to the sections dropwise, incubated at 4°C
overnight, and washed with 0.01 M PBS twice for 5 minutes each time. The sections were
incubated with a secondary antibody, goat anti-rabbit IgG (HRP) antibody (Abeam), for 1 hour
at room temperature and washed with 0.01 M PBS twice for 5 minutes each time. The sections
were developed with a DAB kit (Vector laboratories, Inc., USA). After washed with water three
times, the sections were counterstained with hematoxylin for 30 seconds and flushed with
running water for 5 minutes. After dehydration with alcohol gradient, permeabilization with
xylenehe, and sealing with a neutral gum, the sections were observed under an optical
microscope at 200x,

[0140] Pancreatic islet a cells synthesize and secrete glucagon, which is mainly distributed in
the peripheral region of the pancreatic islet.

[0141] The results show that compared with the group administered with plasminogen (Figure
16C), glucagon-positive cells (indicated by arrow) in the control group administered with
vehicle PBS (Figure 16B) are remarkably increased, and the positive cells infiltrate into the
central region of the pancreatic islet; and glucagon-positive cells in the group administered with
plasminogen are dispersed at the periphery of the pancreatic islet, and compared with the
group administered with vehicle PBS, the morphology of the pancreatic islet in the group
administered with plasminogen is closer to that in the normal control group (Figure 16A). This
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indicates that plasminogen can significantly inhibit proliferation of pancreatic islet a cells and
secretion of glucagon in 24- to 25-week-old diabetic mice, and correct the disordered
distribution of pancreatic islet a cells, suggesting that plasminogen promotes repair of impaired
pancreatic islet.

Example 17. Plasminogen inhibits proliferation of pancreatic islet a cells in 26-week-old
diabetic mice, restores normal distribution of pancreatic islet a cells and reduces
secretion of glucagon

[0142] Nine male db/db mice and three male db/m mice, 26 weeks old, were weighed and the
db/db mice were weighed and then randomly divided into two groups, a group of 4 mice
administered with plasminogen and a control group of 5 mice administered with vehicle PBS,
on the day the experiment started that was recorded as day 0; in addition, the db/m mice were
used as a normal control group. Starting from day 1, plasminogen or PBS was administered.
The mice in the group administered with plasminogen were injected with human plasminogen
at a dose of 2 mg/0.2 mL/mouse/day via the tail vein, and the mice in the control group
administered with vehicle PBS were injected with an equal volume of PBS via the tail vein, both
lasting for 35 consecutive days. On day 36, the mice were sacrificed, and the pancreas was
taken and fixed in 4% paraformaldehyde. The fixed pancreas tissues were paraffin-embedded
after dehydration with alcohol gradient and permeabilization with xylene. The thickness of the
tissue sections was 3 um. The sections were dewaxed and rehydrated and washed with water
once. The tissues were circled with a PAP pen, incubated with 3% hydrogen peroxide for 15
minutes, and washed with 0.01M PBS twice for 5 minutes each time. The sections were
blocked with 5% normal goat serum (Vector laboratories, Inc., USA) for 30 minutes, and after
the time was up, the goat serum liquid was discarded. Rabbit anti-mouse glucagon antibody
(Abeam) was added to the sections dropwise, incubated at 4°C overnight, and washed with
0.01 M PBS twice for 5 minutes each time. The sections were incubated with a secondary
antibody, goat anti-rabbit IgG (HRP) antibody (Abeam), for 1 hour at room temperature and
washed with 0.01 M PBS twice for 5 minutes each time. The sections were developed with a
DAB kit (Vector laboratories, Inc., USA). After washed with water three times, the sections were
counterstained with hematoxylin for 30 seconds and flushed with running water for 5 minutes.
After dehydration with alcohol gradient, permeabilization with xylenehe, and sealing with a
neutral gum, the sections were observed under an optical microscope at 200x.

[0143] Pancreatic islet a cells synthesize and secrete glucagon, which is mainly distributed in
the peripheral region of the pancreatic islet.

[0144] The results show that compared with the group administered with plasminogen (Figure
17C), glucagon-positive cells (indicated by arrow) in the control group administered with
vehicle PBS (Figure 17B) are remarkably increased, the positive cells infiltrate into the central
region of the pancreatic islet, and the mean optical density quantitative analysis results show a
statistical difference (** indicates P < 0.01) (Figure 17D); and glucagon-positive cells in the
group administered with plasminogen are dispersed at the periphery of the pancreatic islet,
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and compared with the group administered with vehicle PBS, the morphology of the pancreatic
islet in the group administered with plasminogen is closer to that in the normal control group
(Figure 17A). This indicates that plasminogen can significantly inhibit proliferation of pancreatic
islet a cells and secretion of glucagon in 26-week-old diabetic mice, and correct the disordered
distribution of pancreatic islet a cells, suggesting that plasminogen promotes repair of impaired
pancreatic islet.

Example 18. Plasminogen reduces secretion of glucagon in mice with normal PLG
activity in TIDM model

[0145] Fifteen 9- to 10-week-old male db/db mice with normal PLG activity were randomly
divided into three groups, a blank control group, a control group administered with vehicle PBS
and a group administered with plasminogen, with 5 mice in each group. The mice in the group
administered with vehicle PBS and the group administered with plasminogen were fasted for 4
hours and then intraperitoneally injected with 200 mg/kg STZ (Sigma, Cat# S0130), in a single

dose, to induce the T1DM model [43], while the blank group was not treated. 12 days after the
injection, administration was carried out and this day was set as administration day 1. The
group administered with plasminogen was injected with human plasmin at a dose of 1 mg/0.1
mL/mouse/day via the tail vein, and the control group administered with vehicle PBS was
injected with an equal volume of PBS via the tail vein, both lasting for 28 consecutive days. On
day 29, the mice were sacrificed, and the pancreas was taken and fixed in 4%
paraformaldehyde. The fixed pancreas tissues were paraffin-embedded after dehydration with
alcohol gradient and permeabilization with xylene. The thickness of the tissue sections was 3
pm. The sections were dewaxed and rehydrated and washed with water once. The tissues
were circled with a PAP pen, incubated with 3% hydrogen peroxide for 15 minutes, and washed
with 0.01M PBS twice for 5 minutes each time. The sections were blocked with 5% normal goat
serum (Vector laboratories, Inc., USA) for 30 minutes, and after the time was up, the goat
serum liquid was discarded. Rabbit anti-mouse glucagon antibody (Abeam) was added to the
sections dropwise, incubated at 4°C overnight, and washed with 0.01 M PBS twice for 5
minutes each time. The sections were incubated with a secondary antibody, goat anti-rabbit
IgG (HRP) antibody (Abeam), for 1 hour at room temperature and washed with 0.01 M PBS
twice for 5 minutes each time. The sections were developed with a DAB kit (Vector
laboratories, Inc., USA). After washed with water three times, the sections were counterstained
with hematoxylin for 30 seconds and flushed with running water for 5 minutes. After
dehydration with alcohol gradient, permeabilization with xylenehe, and sealing with a neutral
gum, the sections were observed under an optical microscope at 200x.

[0146] Pancreatic islet a cells synthesize and secrete glucagon, which is mainly distributed in
the peripheral region of the pancreatic islet.

[0147] The results show that the positive expression of glucagon in the control group
administered with vehicle PBS (Figure 18B) is remarkably higher than that in the group
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administered with plasminogen (Figure 18C), and the mean optical density quantitative
analysis results show that the statistical difference is significant (Figure 18D); in addition, the
result of the group administered with plasminogen is closer to that of the blank control group
than that of the group administered with vehicle PBS (Figure 18A). This indicates that
plasminogen can significantly reduce secretion of glucagon from pancreatic islet a cells in STZ-
induced diabetic mice.

Example 19. Plasminogen promotes expression of insulin receptor substrate 2 (IRS-2)
in pancreatic islet of 18-week-old diabetic mice

[0148] Seven male db/db mice and three male db/m mice, 18 weeks old, were weighed and
the db/db mice were randomly divided, according to body weight, into two groups, a group of 3
mice administered with plasminogen and a control group of 4 mice administered with vehicle
PBS, on the day the experiment started that was recorded as day 0; in addition, the db/m mice
were used as a normal control group. Starting from day 1, plasminogen or PBS was
administered. The mice in the group administered with plasminogen were injected with human
plasminogen at a dose of 2 mg/0.2 mL/mouse/day via the tail vein, and the mice in the control
group administered with vehicle PBS were injected with an equal volume of PBS via the tail
vein, both lasting for 35 consecutive days. On day 36, the mice were sacrificed, and the
pancreas was taken and fixed in 4% paraformaldehyde. The fixed pancreas tissues were
paraffin-embedded after dehydration with alcohol gradient and permeabilization with xylene.
The thickness of the tissue sections was 3 ym. The sections were dewaxed and rehydrated
and washed with water once. The tissues were circled with a PAP pen, incubated with 3%
hydrogen peroxide for 15 minutes, and washed with 0.01M PBS twice for 5 minutes each time.
The sections were blocked with 5% normal goat serum (Vector laboratories, Inc., USA) for 30
minutes, and after the time was up, the goat serum liquid was discarded. Rabbit anti-mouse
IRS-2 antibody (Abeam) was added to the sections dropwise, incubated at 4°C overnight, and
washed with 0.01 M PBS twice for 5 minutes each time. The sections were incubated with a
secondary antibody, goat anti-rabbit IgG (HRP) antibody (Abeam), for 1 hour at room
temperature and washed with 0.01 M PBS twice for 5 minutes each time. The sections were
developed with a DAB kit (Vector laboratories, Inc., USA). After washed with water three times,
the sections were counterstained with hematoxylin for 30 seconds and flushed with running
water for 5 minutes. After dehydration with alcohol gradient, permeabilization with xylenehe,
and sealing with a neutral gum, the sections were observed under an optical microscope at
200x.

[0149] Insulin receptor substrate-2 (IRS-2) is a substrate on which an activated insulin receptor
tyrosine kinase can act, is an important molecule in the insulin signal transduction pathway,
and is very important for the survival of pancreatic islet B cells. IRS-2 has a protective effect on
pancreatic islet B cells when the expression thereof increases and is crucial for the

maintenance of functional pancreatic islet p cells [46.47],
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[0150] The immunohistochemical results of IRS-2 show that the positive expression of IRS-2
(indicated by arrow) in the pancreatic islets of mice in the control group administered with
vehicle PBS (Figure 19B) is remarkably lower than that in the group administered with
plasminogen (Figure 19C), and the statistical difference is extremely significant (Figure 19D);
in addition, the result of the group administered with plasminogen is closer to that of the blank
control group than that of the group administered with vehicle PBS (Figure 19A). This indicates
that plasminogen can effectively increase expression of IRS-2 in pancreatic islet cells in 18-
week-old diabetic mice.

Example 20. Plasminogen promotes expression of IRS-2 in pancreatic islet of 24- to 25-
week-old diabetic mice

[0151] Eleven male db/db mice and five male db/m mice, 24-25 weeks old, were weighed and
the db/db mice were randomly divided, according to body weight, into two groups, a group of 5
mice administered with plasminogen and a control group of 6 mice administered with vehicle
PBS, on the day the experiment started that was recorded as day 0; in addition, the db/m mice
were used as a normal control group. Starting from day 1, plasminogen or PBS was
administered. The mice in the group administered with plasminogen were injected with human
plasminogen at a dose of 2 mg/0.2 mL/mouse/day via the tail vein, and the mice in the control
group administered with vehicle PBS was injected with an equal volume of PBS via the tail vein
or without any liquid, both lasting for 31 consecutive days. On day 32, the mice were sacrificed,
and the pancreas was taken and fixed in 4% paraformaldehyde. The fixed pancreas tissues
were paraffin-embedded after dehydration with alcohol gradient and permeabilization with
xylene. The thickness of the tissue sections was 3 pm. The sections were dewaxed and
rehydrated and washed with water once. The tissues were circled with a PAP pen, incubated
with 3% hydrogen peroxide for 15 minutes, and washed with 0.01M PBS twice for 5 minutes
each time. The sections were blocked with 5% normal goat serum (Vector laboratories, Inc.,
USA) for 30 minutes, and after the time was up, the goat serum liquid was discarded. Rabbit
anti-mouse IRS-2 antibody (Abeam) was added to the sections dropwise, incubated at 4°C
overnight, and washed with 0.01 M PBS twice for 5 minutes each time. The sections were
incubated with a secondary antibody, goat anti-rabbit IgG (HRP) antibody (Abeam), for 1 hour
at room temperature and washed with 0.01 M PBS twice for 5 minutes each time. The sections
were developed with a DAB kit (Vector laboratories, Inc., USA). After washed with water three
times, the sections were counterstained with hematoxylin for 30 seconds and flushed with
running water for 5 minutes. After dehydration with alcohol gradient, permeabilization with
xylenehe, and sealing with a neutral gum, the sections were observed under an optical
microscope at 200x,

[0152] The immunohistochemical results of IRS-2 show that the positive expression of IRS-2
(indicated by arrow) in the pancreatic islets of mice in the control group administered with
vehicle PBS (Figure 20B) is remarkably lower than that in the group administered with
plasminogen (Figure 20C), and the statistical difference is significant (Figure 20D); in addition,
the result of the group administered with plasminogen is closer to that of the normal control



DK/EP 3556383 T5

group than that of the group administered with vehicle PBS (Figure 21A). This indicates that
plasminogen can effectively increase expression of IRS-2 in pancreatic islet cells in 24- to 25-
week-old diabetic mice.

Example 21. Plasminogen promotes expression of IRS-2 in pancreatic islet of 26-week-
old diabetic mice

[0153] Nine male db/db mice and three male db/m mice, 26 weeks old, were weighed and the
db/db mice were randomly divided, according to body weight, into two groups, a group of 4
mice administered with plasminogen and a control group of 5 mice administered with vehicle
PBS, on the day the experiment started, i.e. day 0; in addition, the db/m mice were used as a
normal control group. Starting from day 1, plasminogen or PBS was administered. The mice in
the group administered with plasminogen were injected with human plasminogen at a dose of
2 mg/0.2 mL/mouse/day via the tail vein, and the mice in the control group administered with
vehicle PBS were injected with an equal volume of PBS via the tail vein, both lasting for 35
consecutive days. On day 36, the mice were sacrificed, and the pancreas was taken and fixed
in 4% paraformaldehyde. The fixed pancreas tissues were paraffin-embedded after
dehydration with alcohol gradient and permeabilization with xylene. The thickness of the tissue
sections was 3 pm. The sections were dewaxed and rehydrated and washed with water once.
The tissues were circled with a PAP pen, incubated with 3% hydrogen peroxide for 15 minutes,
and washed with 0.01M PBS twice for 5 minutes each time. The sections were blocked with 5%
normal goat serum (Vector laboratories, Inc., USA) for 30 minutes, and after the time was up,
the goat serum liquid was discarded. Rabbit anti-mouse IRS-2 antibody (Abeam) was added to
the sections dropwise, incubated at 4°C overnight, and washed with 0.01 M PBS twice for 5
minutes each time. The sections were incubated with a secondary antibody, goat anti-rabbit
IgG (HRP) antibody (Abeam), for 1 hour at room temperature and washed with 0.01 M PBS
twice for 5 minutes each time. The sections were developed with a DAB kit (Vector
laboratories, Inc., USA). After washed with water three times, the sections were counterstained
with hematoxylin for 30 seconds and flushed with running water for 5 minutes. After
dehydration with alcohol gradient, permeabilization with xylenehe, and sealing with a neutral
gum, the sections were observed under an optical microscope at 200x.

[0154] The immunohistochemical results of IRS-2 show that the positive expression of IRS-2
(indicated by arrow) in the pancreatic islets of mice in the control group administered with
vehicle PBS (Figure 21B) is remarkably lower than that in the group administered with
plasminogen (Figure 21C); and the expression level of IRS-2 in the group administered with
plasminogen is closer to that of the mice in the normal control group (Figure 21A). This
indicates that plasminogen can effectively increase expression of IRS-2 in pancreatic islet cells
in 26-week-old diabetic mice.

Example 22. Plasminogen promotes expression of IRS-2 in pancreatic islet of T1IDM
mice with normal PLG activity
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[0155] Fifteen 9- to 10-week-old male db/db mice with normal PLG activity were randomly
divided into three groups, a blank control group, a control group administered with vehicle PBS
and a group administered with plasminogen, with 5 mice in each group. The mice in the group
administered with vehicle PBS and the group administered with plasminogen were fasted for 4
hours and then intraperitoneally injected with 200 mg/kg STZ (Sigma, Cat# S0130), in a single

dose, to induce type | diabetes mellitus [43], while the blank group was not treated. 12 days
after the injection, administration was carried out and this day was set as administration day 1.
The group administered with plasminogen was injected with human plasmin at a dose of 1
mg/0.1 mL/mouse/day via the tail vein, and the control group administered with vehicle PBS
was injected with an equal volume of PBS via the tail vein, both lasting for 28 consecutive days.
On day 29, the mice were sacrificed, and the pancreas was taken and fixed in 4%
paraformaldehyde. The fixed pancreas tissues were paraffin-embedded after dehydration with
alcohol gradient and permeabilization with xylene. The thickness of the tissue sections was 3
pm. The sections were dewaxed and rehydrated and washed with water once. The tissues
were circled with a PAP pen, incubated with 3% hydrogen peroxide for 15 minutes, and washed
with 0.01M PBS twice for 5 minutes each time. The sections were blocked with 5% normal goat
serum (Vector laboratories, Inc., USA) for 30 minutes, and after the time was up, the goat
serum liquid was discarded. Rabbit anti-mouse IRS-2 antibody (Abeam) was added to the
sections dropwise, incubated at 4°C overnight, and washed with 0.01 M PBS twice for 5
minutes each time. The sections were incubated with a secondary antibody, goat anti-rabbit
IgG (HRP) antibody (Abeam), for 1 hour at room temperature and washed with 0.01 M PBS
twice for 5 minutes each time. The sections were developed with a DAB kit (Vector
laboratories, Inc., USA). After washed with water three times, the sections were counterstained
with hematoxylin for 30 seconds and flushed with running water for 5 minutes. After
dehydration with alcohol gradient, permeabilization with xylenehe, and sealing with a neutral
gum, the sections were observed under an optical microscope at 200x.

[0156] The immunohistochemical results of IRS-2 show that the positive expression of IRS-2
(indicated by arrow) in the pancreatic islets of mice in the control group administered with
vehicle PBS (Figure 22B) is remarkably lower than that in the group administered with
plasminogen (Figure 22C), and the result of the group administered with plasminogen is closer
to that of the blank control group than that of the group administered with vehicle PBS (Figure
22A). This indicates that plasminogen can effectively increase expression of IRS-2 in
pancreatic islet cells in 9- to 10-week-old mice with normal PLG activity.

Example 23. Plasminogen reduces infiltration of pancreatic islet neutrophils in 24- to
26-week-old diabetic mice

[0157] Nine male db/db mice and three male db/m mice, 24-26 weeks old, were included,
wherein the db/db mice were randomly divided into two groups, a group of 4 mice administered
with plasminogen and a control group of 5 mice administered with vehicle PBS, and the db/m
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mice were used as a normal control group. The day when the experiment began was recorded
on Day 0, and the mice were weighed and grouped. From the second day of the experiment,
plasminogen or PBS was administered to the mice, and the day was recorded as Day 1. The
mice in the group administered with plasminogen were injected with human plasminogen at a
dose of 2 mg/0.2 mL/mouse/day via the tail vein, and the mice in the control group
administered with vehicle PBS were injected with an equal volume of PBS via the tail vein, both
lasting for 35 consecutive days. On day 36, the mice were sacrificed, and the pancreas was
taken and fixed in 4% paraformaldehyde. The fixed pancreas tissues were paraffin-embedded
after dehydration with alcohol gradient and permeabilization with xylene. The thickness of the
tissue sections was 3 um. The sections were dewaxed and rehydrated and washed with water
once. The tissues were circled with a PAP pen, incubated with 3% hydrogen peroxide for 15
minutes, and washed with 0.01M PBS twice for 5 minutes each time. The sections were
blocked with 5% normal goat serum (Vector laboratories, Inc., USA) for 30 minutes, and after
the time was up, the goat serum liquid was discarded. Rabbit anti-mouse neutrophil antibody
(Abeam) was added to the sections dropwise, incubated at 4°C overnight, and washed with
0.01 M PBS twice for 5 minutes each time. The sections were incubated with a secondary
antibody, goat anti-rabbit IgG (HRP) antibody (Abeam), for 1 hour at room temperature and
washed with 0.01 M PBS twice for 5 minutes each time. The sections were developed with a
DAB kit (Vector laboratories, Inc., USA). After washed with water three times, the sections were
counterstained with hematoxylin for 30 seconds and flushed with running water for 5 minutes.
After dehydration with alcohol gradient, permeabilization with xylenehe, and sealing with a
neutral gum, the sections were observed under an optical microscope at 200x.

[0158] Neutrophils are an important member of the non-specific cellular immune system, and
when inflammation occurs, they are attracted to the site of inflammation by chemotactic
substances.

[0159] The immunohistochemical results of neutrophils show that positive expression cells in
the group administered with plasminogen (Figure 23C) are less than those in the control group
administered with vehicle PBS (Figure 23B), and the result of the group administered with
plasminogen is closer to that of the normal control group (Figure 23A) than that of the group
administered with vehicle PBS.

Example 24. Plasminogen reduces infiltration of pancreatic islet neutrophils in mice
with impaired PLG activity in TIDM model

[0160] Ten 9- to 10-week-old male mice with impaired PLG activity were randomly divided into
three groups, a blank control group of 3 mice, a control group of 3 mice administered with PBS
and a group of 4 mice administered with plasminogen. The mice in the group administered with
vehicle PBS and the group administered with plasminogen were fasted for 4 hours and then
intraperitoneally injected with 200 mg/kg STZ (Sigma S0130), in a single dose, to induce type |

diabetes mellitus 3], while the blank group was not treated. 12 days after the injection,
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administration was carried out and this day was set as administration day 1. The group
administered with plasminogen was injected with human plasmin at a dose of 1 mg/0.1
mL/mouse/day via the tail vein, and the control group administered with vehicle PBS was
injected with an equal volume of PBS via the tail vein, both lasting for 28 consecutive days. On
day 29, the mice were sacrificed, and the pancreas was taken and fixed in 4%
paraformaldehyde. The fixed pancreas tissues were paraffin-embedded after dehydration with
alcohol gradient and permeabilization with xylene. The thickness of the tissue sections was 3
pm. The sections were dewaxed and rehydrated and washed with water once. The tissues
were circled with a PAP pen, incubated with 3% hydrogen peroxide for 15 minutes, and washed
with 0.01M PBS twice for 5 minutes each time. The sections were blocked with 5% normal goat
serum (Vector laboratories, Inc., USA) for 30 minutes, and after the time was up, the goat
serum liquid was discarded. Rabbit anti-mouse neutrophil antibody (Abeam) was added to the
sections dropwise, incubated at 4°C overnight, and washed with 0.01 M PBS twice for 5
minutes each time. The sections were incubated with a secondary antibody, goat anti-rabbit
IgG (HRP) antibody (Abeam), for 1 hour at room temperature and washed with 0.01 M PBS
twice for 5 minutes each time. The sections were developed with a DAB kit (Vector
laboratories, Inc., USA). After washed with water three times, the sections were counterstained
with hematoxylin for 30 seconds and flushed with running water for 5 minutes. After
dehydration with alcohol gradient, permeabilization with xylenehe, and sealing with a neutral
gum, the sections were observed under an optical microscope at 400x.

[0161] The immunohistochemical results of neutrophils show that positive expression cells
(indicated by arrow) in the group administered with plasminogen (Figure 24C) are less than
those in the control group administered with vehicle PBS (Figure 24B), and the result of the
group administered with plasminogen is closer to that of the blank control group (Figure 24A)
than that of the group administered with vehicle PBS.

Example 25. Plasminogen reduces infiltration of pancreatic islet neutrophils in mice
with normal PLG activity in T1DM model

[0162] Eleven 9- to 10-week-old male mice with normal PLG activity, were randomly divided
into three groups, a blank control group of 3 mice, a control group of 4 mice administered with
vehicle PBS and a group of 4 mice administered with plasminogen. The mice in the group
administered with vehicle PBS and the group administered with plasminogen were fasted for 4
hours and then intraperitoneally injected with 200 mg/kg STZ (Sigma S0130), in a single dose,

to induce type | diabetes mellitus [43], while the blank group was not treated. 12 days after the
injection, administration was carried out and this day was set as administration day 1. The
group administered with plasminogen was injected with human plasmin at a dose of 1 mg/0.1
mL/mouse/day via the tail vein, and the control group administered with vehicle PBS was
injected with an equal volume of PBS via the tail vein, both lasting for 28 consecutive days. On
day 29, the mice were sacrificed, and the pancreas was taken and fixed in 4%
paraformaldehyde. The fixed pancreas tissues were paraffin-embedded after dehydration with
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alcohol gradient and permeabilization with xylene. The thickness of the tissue sections was 3
pm. The sections were dewaxed and rehydrated and washed with water once. The tissues
were circled with a PAP pen, incubated with 3% hydrogen peroxide for 15 minutes, and washed
with 0.01M PBS twice for 5 minutes each time. The sections were blocked with 5% normal goat
serum (Vector laboratories, Inc., USA) for 30 minutes, and after the time was up, the goat
serum liquid was discarded. Rabbit anti-mouse neutrophil antibody (Abeam) was added to the
sections dropwise, incubated at 4°C overnight, and washed with 0.01 M PBS twice for 5
minutes each time. The sections were incubated with a secondary antibody, goat anti-rabbit
IgG (HRP) antibody (Abeam), for 1 hour at room temperature and washed with 0.01 M PBS
twice for 5 minutes each time. The sections were developed with a DAB kit (Vector
laboratories, Inc., USA). After washed with water three times, the sections were counterstained
with hematoxylin for 30 seconds and flushed with running water for 5 minutes. After
dehydration with alcohol gradient, permeabilization with xylenehe, and sealing with a neutral
gum, the sections were observed under an optical microscope at 400x.

[0163] The immunohistochemical results of neutrophils show that the positive expression cells
(indicated by arrow) in the group administered with plasminogen (Figure 25C) are less than
those in the control group administered with vehicle PBS (Figure 25B), and the result of the
group administered with plasminogen is closer to that of the blank control group (Figure 25A)
than that of the group administered with vehicle PBS.

Example 26. Plasminogen promotes synthesis and secretion of insulin in mice with
impaired PLG activity in TIDM model

[0164] Ten 9- to 10-week-old male mice with impaired PLG activity, were randomly divided into
three groups, a blank control group of 3 mice, a control group of 3 mice administered with PBS
and a group of 4 mice administered with plasminogen. The mice in the group administered with
vehicle PBS and the group administered with plasminogen were fasted for 4 hours and then
intraperitoneally injected with 200 mg/kg STZ (Sigma S0130), in a single dose, to induce type |

diabetes mellitus 3], while the blank group was not treated. 12 days after the injection,
administration was carried out and this day was set as administration day 1. The group
administered with plasminogen was injected with human plasmin at a dose of 1 mg/0.1
mL/mouse/day via the tail vein, and the control group administered with vehicle PBS was
injected with an equal volume of PBS via the tail vein, both lasting for 28 consecutive days. On
day 29, the mice were sacrificed, and the pancreas was taken and fixed in 4%
paraformaldehyde. The fixed pancreas tissues were paraffin-embedded after dehydration with
alcohol gradient and permeabilization with xylene. The thickness of the tissue sections was 3
pm. The sections were dewaxed and rehydrated and washed with water once. The tissues
were circled with a PAP pen, incubated with 3% hydrogen peroxide for 15 minutes, and washed
with 0.01M PBS twice for 5 minutes each time. The sections were blocked with 5% normal goat
serum (Vector laboratories, Inc., USA) for 30 minutes, and after the time was up, the goat
serum liquid was discarded. Rabbit anti-mouse insulin antibody (Abeam) was added to the
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sections dropwise, incubated at 4°C overnight, and washed with 0.01 M PBS twice for 5
minutes each time. The sections were incubated with a secondary antibody, goat anti-rabbit
IgG (HRP) antibody (Abeam), for 1 hour at room temperature and washed with 0.01 M PBS
twice for 5 minutes each time. The sections were developed with a DAB kit (Vector
laboratories, Inc., USA). After washed with water three times, the sections were counterstained
with hematoxylin for 30 seconds and flushed with running water for 5 minutes. After
dehydration with alcohol gradient, permeabilization with xylenehe, and sealing with a neutral
gum, the sections were observed under an optical microscope at 200x.

[0165] The immunohistochemical results show that the positive expression of insulin (indicated
by arrow) in the group administered with plasminogen (Figure 26C) is remarkably higher than
that in the control group administered with vehicle PBS (Figure 26B), and the result of the
group administered with plasminogen is closer to that of the blank control group (Figure 26A)
than that of the group administered with vehicle PBS. This indicates that plasminogen can
promote synthesis and secretion of insulin in mice with impaired PLG activity in a T1DM model.

Example 27. Plasminogen promotes synthesis and expression of insulin in mice with
normal PLG activity in T1IDM model

[0166] Eleven 9- to 10-week-old male mice with normal PLG activity, were randomly divided
into three groups, a blank control group of 3 mice, a control group of 4 mice administered with
vehicle PBS and a group of 4 mice administered with plasminogen. The mice in the group
administered with vehicle PBS and the group administered with plasminogen were fasted for 4
hours and then intraperitoneally injected with 200 mg/kg STZ (Sigma S0130), in a single dose,

to induce type | diabetes mellitus [43], while the blank group was not treated. 12 days after the
injection, administration was carried out and this day was set as administration day 1. The
group administered with plasminogen was injected with human plasmin at a dose of 1 mg/0.1
mL/mouse/day via the tail vein, and the control group administered with vehicle PBS was
injected with an equal volume of PBS via the tail vein, both lasting for 28 consecutive days. On
day 29, the mice were sacrificed, and the pancreas was taken and fixed in 4%
paraformaldehyde. The fixed pancreas tissues were paraffin-embedded after dehydration with
alcohol gradient and permeabilization with xylene. The thickness of the tissue sections was 3
pm. The sections were dewaxed and rehydrated and washed with water once. The tissues
were circled with a PAP pen, incubated with 3% hydrogen peroxide for 15 minutes, and washed
with 0.01M PBS twice for 5 minutes each time. The sections were blocked with 5% normal goat
serum (Vector laboratories, Inc., USA) for 30 minutes, and after the time was up, the goat
serum liquid was discarded. Rabbit anti-mouse insulin antibody (Abeam) was added to the
sections dropwise, incubated at 4°C overnight, and washed with 0.01 M PBS twice for 5
minutes each time. The sections were incubated with a secondary antibody, goat anti-rabbit
IgG (HRP) antibody (Abeam), for 1 hour at room temperature and washed with 0.01 M PBS
twice for 5 minutes each time. The sections were developed with a DAB kit (Vector
laboratories, Inc., USA). After washed with water three times, the sections were counterstained
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with hematoxylin for 30 seconds and flushed with running water for 5 minutes. After
dehydration with alcohol gradient, permeabilization with xylenehe, and sealing with a neutral
gum, the sections were observed under an optical microscope at 200x.

[0167] The immunohistochemical results show that the positive expression of insulin (indicated
by arrow) in the group administered with plasminogen (Figure 27C) is remarkably higher than
that in the control group administered with vehicle PBS (Figure 27B), and the result of the
group administered with plasminogen is closer to that of the blank control group (Figure 27A)
than that of the group administered with vehicle PBS. This indicates that plasminogen can
promote synthesis and expression of insulin in mice with normal PLG activity in a T1DM model.

Example 28. Plasminogen promotes expression of multi-directional nuclear
transcription factor NF-kB in pancreatic islet of mice with impaired PLG activity in T1DM
model

[0168] Ten 9- to 10-week-old male mice with impaired PLG activity, were randomly divided into
three groups, a blank control group of 3 mice, a control group of 3 mice administered with PBS
and a group of 4 mice administered with plasminogen. The mice in the group administered with
vehicle PBS and the group administered with plasminogen were fasted for 4 hours and then
intraperitoneally injected with 200 mg/kg STZ (Sigma S0130), in a single dose, to induce type |

diabetes mellitus 3], while the blank group was not treated. 12 days after the injection,
administration was carried out and this day was set as administration day 1. The group
administered with plasminogen was injected with human plasmin at a dose of 1 mg/0.1
mL/mouse/day via the tail vein, and the control group administered with vehicle PBS was
injected with an equal volume of PBS via the tail vein, both lasting for 28 consecutive days. On
day 29, the mice were sacrificed, and the pancreas was taken and fixed in 4%
paraformaldehyde. The fixed pancreas tissues were paraffin-embedded after dehydration with
alcohol gradient and permeabilization with xylene. The thickness of the tissue sections was 3
pm. The sections were dewaxed and rehydrated and washed with water once. The tissues
were circled with a PAP pen, incubated with 3% hydrogen peroxide for 15 minutes, and washed
with 0.01M PBS twice for 5 minutes each time. The sections were blocked with 5% normal goat
serum (Vector laboratories, Inc., USA) for 30 minutes, and after the time was up, the goat
serum liquid was discarded. Rabbit anti-mouse NF-kB antibody (Cell Signal) was added to the
sections dropwise, incubated at 4°C overnight, and washed with 0.01 M PBS twice for 5
minutes each time. The sections were incubated with a secondary antibody, goat anti-rabbit
IgG (HRP) antibody (Abeam), for 1 hour at room temperature and washed with 0.01 M PBS
twice for 5 minutes each time. The sections were developed with a DAB kit (Vector
laboratories, Inc., USA). After washed with water three times, the sections were counterstained
with hematoxylin for 30 seconds and flushed with running water for 5 minutes. After
dehydration with alcohol gradient, permeabilization with xylenehe, and sealing with a neutral
gum, the sections were observed under an optical microscope at 200x.
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[0169] As a multi-directional nuclear transcription factor, NF-kB is involved in various gene
regulations after being activated, such as cell proliferation, apoptosis, inflammation and

immunity [24].

[0170] The experimental results show that the expression of NF-kB (indicated by arrow) in the
group administered with plasminogen (Figure 28C) is remarkably higher than that in the control
group administered with vehicle PBS (Figure 28B). This indicates that plasminogen can
promote expression of multi-directional nuclear transcription factor NF-kB.

Example 29. Plasminogen promotes expression of multi-directional nuclear
transcription factor NF-kB in pancreatic islet of 18-week-old diabetic mice

[0171] Seven 18-week-old male db/db mice were weighed and randomly divided, according to
body weight, into two groups, a group of 3 mice administered with plasminogen and a control
group of 4 mice administered with vehicle PBS, on the day the experiment started that was
recorded as day 0. Starting from the 1st day, plasminogen or PBS was administered. The
group administered with plasminogen was injected with human plasminogen at a dose of 2
mg/0.2 mL/mouse/day via the tail vein, and the control group administered with vehicle PBS
was injected with an equal volume of PBS via the tail vein, both lasting for 35 consecutive days.
On day 36, the mice were sacrificed, and the pancreas was taken and fixed in 4%
paraformaldehyde. The fixed pancreas tissues were paraffin-embedded after dehydration with
alcohol gradient and permeabilization with xylene. The thickness of the tissue sections was 3
pm. The sections were dewaxed and rehydrated and washed with water once. The tissues
were circled with a PAP pen, incubated with 3% hydrogen peroxide for 15 minutes, and washed
with 0.01M PBS twice for 5 minutes each time. The sections were blocked with 5% normal goat
serum (Vector laboratories, Inc., USA) for 30 minutes, and after the time was up, the goat
serum liquid was discarded. Rabbit anti-mouse NF-kB antibody (Cell Signal) was added to the
sections dropwise, incubated at 4°C overnight, and washed with 0.01 M PBS twice for 5
minutes each time. The sections were incubated with a secondary antibody, goat anti-rabbit
IgG (HRP) antibody (Abeam), for 1 hour at room temperature and washed with 0.01 M PBS
twice for 5 minutes each time. The sections were developed with a DAB kit (Vector
laboratories, Inc., USA). After washed with water three times, the sections were counterstained
with hematoxylin for 30 seconds and flushed with running water for 5 minutes. After
dehydration with alcohol gradient, permeabilization with xylenehe, and sealing with a neutral
gum, the sections were observed under an optical microscope at 200x.

[0172] The results of the experiment of the present invention show that the expression of NF-
KB (indicated by arrow) in the group administered with plasminogen (Figure 29B) is remarkably
higher than that in the control group administered with vehicle PBS (Figure 29A). This indicates
that plasminogen can promote expression of multi-directional nuclear transcription factor NF-
KB.

Example 30. Plasminogen promotes expression of multi-directional nuclear
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transcription factor NF-kB in 26-week-old diabetic mice

[0173] Nine male db/db mice and three male db/m mice, 26 weeks old, were weighed and the
db/db mice were randomly divided, according to body weight, into two groups, a group of 4
mice administered with plasminogen and a control group of 5 mice administered with vehicle
PBS, on the day the experiment started, i.e. day 0; in addition, the db/m mice were used as a
normal control group. Starting from the 1st day, plasminogen or PBS was administered and this
day was recorded as day 1. The group administered with plasminogen was injected with
human plasminogen at a dose of 2 mg/0.2 mL/mouse/day via the tail vein, and the control
group administered with vehicle PBS was injected with an equal volume of PBS via the tail vein,
both lasting for 35 consecutive days. On day 36, the mice were sacrificed, and the pancreas
was taken and fixed in 4% paraformaldehyde. The fixed pancreas tissues were paraffin-
embedded after dehydration with alcohol gradient and permeabilization with xylene. The
thickness of the tissue sections was 3 ym. The sections were dewaxed and rehydrated and
washed with water once. The tissues were circled with a PAP pen, incubated with 3% hydrogen
peroxide for 15 minutes, and washed with 0.01M PBS twice for 5 minutes each time. The
sections were blocked with 5% normal goat serum (Vector laboratories, Inc., USA) for 30
minutes, and after the time was up, the goat serum liquid was discarded. Rabbit anti-mouse
NF-kB antibody (Cell Signal) was added to the sections dropwise, incubated at 4°C overnight,
and washed with 0.01 M PBS twice for & minutes each time. The sections were incubated with
a secondary antibody, goat anti-rabbit IgG (HRP) antibody (Abeam), for 1 hour at room
temperature and washed with 0.01 M PBS twice for 5 minutes each time. The sections were
developed with a DAB kit (Vector laboratories, Inc., USA). After washed with water three times,
the sections were counterstained with hematoxylin for 30 seconds and flushed with running
water for 5 minutes. After dehydration with alcohol gradient, permeabilization with xylenehe,
and sealing with a neutral gum, the sections were observed under an optical microscope at
200x.

[0174] The experimental results show that the expression of NF-kB (indicated by arrow) in the
group administered with plasminogen (Figure 30C) is remarkably higher than that in the control
group administered with vehicle PBS (Figure 30B), and the result of the group administered
with plasminogen is closer to that of the normal control group (Figure 30A) than that of the
group administered with vehicle PBS. This indicates that plasminogen can promote expression
of multi-directional nuclear transcription factor NF-kB in relatively old (26-week-old) diabetic
mice.

Example 31. Plasminogen promotes expression of TNF-a in pancreatic islet of 24- to 25-
week-old diabetic mice

[0175] Eleven male db/db mice and five male db/m mice, 24-25 weeks old, were weighed and
the db/db mice were randomly divided, according to body weight, into two groups, a group of 5
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mice administered with plasminogen and a control group of 6 mice administered with vehicle
PBS, on the day the experiment started that was recorded as day 0; in addition, the db/m mice
were used as a normal control group. Starting from day 1, plasminogen or PBS was
administered. The mice in the group administered with plasminogen were injected with human
plasminogen at a dose of 2 mg/0.2 mL/mouse/day via the tail vein, and the mice in the control
group administered with vehicle PBS was injected with an equal volume of PBS via the tail vein
or without any liquid, both lasting for 31 consecutive days. On day 32, the mice were sacrificed,
and the pancreas was taken and fixed in 4% paraformaldehyde. The fixed pancreas tissues
were paraffin-embedded after dehydration with alcohol gradient and permeabilization with
xylene. The thickness of the tissue sections was 3 pm. The sections were dewaxed and
rehydrated and washed with water once. The tissues were circled with a PAP pen, incubated
with 3% hydrogen peroxide for 15 minutes, and washed with 0.01M PBS twice for 5 minutes
each time. The sections were blocked with 5% normal goat serum (Vector laboratories, Inc.,
USA) for 30 minutes, and after the time was up, the goat serum liquid was discarded. Rabbit
anti-mouse TNF-a antibody (Abeam) was added to the sections dropwise, incubated at 4°C
overnight, and washed with 0.01 M PBS twice for 5 minutes each time. The sections were
incubated with a secondary antibody, goat anti-rabbit IgG (HRP) antibody (Abeam), for 1 hour
at room temperature and washed with 0.01 M PBS twice for 5 minutes each time. The sections
were developed with a DAB kit (Vector laboratories, Inc., USA). After washed with water three
times, the sections were counterstained with hematoxylin for 30 seconds and flushed with
running water for 5 minutes. After dehydration with alcohol gradient, permeabilization with
xylenehe, and sealing with a neutral gum, the sections were observed under an optical
microscope at 200x,

[0176] Tumor necrosis factor-a (TNF-a) is mainly produced by activated

monocytes/macrophages and is an important pro-inflammatory factor [48].

[0177] The research results of this experiment show that the positive expression of TNF-a in
the group administered with plasminogen (Figure 31C) are remarkably higher than that in the
control group administered with vehicle PBS (Figure 31B), and the result of the group
administered with plasminogen is closer to that of the normal control group (Figure 31A) than
that of the group administered with vehicle PBS. This indicates that plasminogen can promote
expression of TNF-a in 24- to 25-week-old diabetic mice.

Example 32. Plasminogen promotes expression of TNF-a in pancreatic islet of 26-week-
old diabetic mice

[0178] Nine male db/db mice and three male db/m mice, 26 weeks old, were weighed and the
db/db mice were randomly divided, according to body weight, into two groups, a group of 4
mice administered with plasminogen and a control group of 5 mice administered with vehicle
PBS, on the day the experiment started, i.e. day 0; in addition, the db/m mice were used as a
normal control group. Starting from day 1, plasminogen or PBS was administered. The mice in
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the group administered with plasminogen were injected with human plasminogen at a dose of
2 mg/0.2 mL/mouse/day via the tail vein, and the mice in the control group administered with
vehicle PBS was injected with an equal volume of PBS via the tail vein or without any liquid,
both lasting for 35 consecutive days. On day 36, the mice were sacrificed, and the pancreas
was taken and fixed in 4% paraformaldehyde. The fixed pancreas tissues were paraffin-
embedded after dehydration with alcohol gradient and permeabilization with xylene. The
thickness of the tissue sections was 3 uym. The sections were dewaxed and rehydrated and
washed with water once. The tissues were circled with a PAP pen, incubated with 3% hydrogen
peroxide for 15 minutes, and washed with 0.01M PBS twice for 5 minutes each time. The
sections were blocked with 5% normal goat serum (Vector laboratories, Inc., USA) for 30
minutes, and after the time was up, the goat serum liquid was discarded. Rabbit anti-mouse
TNF-a antibody (Abeam) was added to the sections dropwise, incubated at 4°C overnight, and
washed with 0.01 M PBS twice for 5 minutes each time. The sections were incubated with a
secondary antibody, goat anti-rabbit 1IgG (HRP) antibody (Abeam), for 1 hour at room
temperature and washed with 0.01 M PBS twice for 5 minutes each time. The sections were
developed with a DAB kit (Vector laboratories, Inc., USA). After washed with water three times,
the sections were counterstained with hematoxylin for 30 seconds and flushed with running
water for 5 minutes. After dehydration with alcohol gradient, permeabilization with xylenehe,
and sealing with a neutral gum, the sections were observed under an optical microscope at
200x.

[0179] The research results show that the positive expression of TNF-a in the group
administered with plasminogen (Figure 32C) are remarkably higher than that in the control
group administered with vehicle PBS (Figure 32B), and the result of the group administered
with plasminogen is closer to that of the normal control group (Figure 32A) than that of the
group administered with vehicle PBS. This indicates that plasminogen can promote expression
of TNF-a in 26-week-old diabetic mice.

Example 33. Plasminogen promotes expression of TNF-a in pancreatic islet of mice with
impaired PLG activity in TIDM model

[0180] Seven 9- to 10-week-old male mice with impaired PLG activity were randomly divided
into two groups, a control group of 3 mice administered with PBS and a group of 4 mice
administered with plasminogen. The two groups of mice were fasted for 4 hours and
intraperitoneally injected with 200 mg/kg STZ (Sigma S0130), in a single dose, to induce type |

diabetes mellitus [43. 12 days after the injection, administration was carried out and this day
was set as administration day 1. The group administered with plasminogen was injected with
human plasmin at a dose of 1 mg/0.1 mL/mouse/day via the tail vein, and the control group
administered with vehicle PBS was injected with an equal volume of PBS via the tail vein, both
lasting for 28 consecutive days. On day 29, the mice were sacrificed, and the pancreas was
taken and fixed in 4% paraformaldehyde. The fixed pancreas tissues were paraffin-embedded
after dehydration with alcohol gradient and permeabilization with xylene. The thickness of the
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tissue sections was 3 um. The sections were dewaxed and rehydrated and washed with water
once. The tissues were circled with a PAP pen, incubated with 3% hydrogen peroxide for 15
minutes, and washed with 0.01M PBS twice for 5 minutes each time. The sections were
blocked with 5% normal goat serum (Vector laboratories, Inc., USA) for 30 minutes, and after
the time was up, the goat serum liquid was discarded. Rabbit anti-mouse antibody TNF-a
(Abeam) was added to the sections dropwise, incubated at 4°C overnight, and washed with
0.01 M PBS twice for 5 minutes each time. The sections were incubated with a secondary
antibody, goat anti-rabbit IgG (HRP) antibody (Abeam), for 1 hour at room temperature and
washed with 0.01 M PBS twice for 5 minutes each time. The sections were developed with a
DAB kit (Vector laboratories, Inc., USA). After washed with water three times, the sections were
counterstained with hematoxylin for 30 seconds and flushed with running water for 5 minutes.
After dehydration with alcohol gradient, permeabilization with xylenehe, and sealing with a
neutral gum, the sections were observed under an optical microscope at 200x.

[0181] The research results of this experiment show that the positive expression of TNF-a in
the group administered with plasminogen (Figure 33B) is remarkably higher than that in the
control group administered with vehicle PBS (Figure 33A). This indicates that plasminogen can
promote expression of TNF-a in mice with impaired PLG activity in a T1DM model.

Example 34. Plasminogen alleviates impaired pancreatic islet in mice with impaired PLG
activity in TIDM model

[0182] Ten 9- to 10-week-old male mice with impaired PLG activity, were randomly divided into
three groups, a blank control group of 3 mice, a control group of 3 mice administered with PBS
and a group of 4 mice administered with plasminogen. The mice in the group administered with
vehicle PBS and the group administered with plasminogen were fasted for 4 hours and then
intraperitoneally injected with 200 mg/kg STZ (Sigma S0130), in a single dose, to induce type |

diabetes mellitus 43, while the blank group was not treated. 12 days after the injection,
administration was carried out and this day was set as administration day 1. The group
administered with plasminogen was injected with human plasmin at a dose of 1 mg/0.1
mL/mouse/day via the tail vein, and the control group administered with vehicle PBS was
injected with an equal volume of PBS via the tail vein, both lasting for 28 consecutive days. On
day 29, the mice were sacrificed, and the pancreas was taken and fixed in 4%
paraformaldehyde. The fixed pancreas tissues were paraffin-embedded after dehydration with
alcohol gradient and permeabilization with xylene. The thickness of the tissue sections was 3
pm. The sections were dewaxed and rehydrated and washed with water once. The tissues
were circled with a PAP pen, incubated with 3% hydrogen peroxide for 15 minutes, and washed
with 0.01M PBS twice for 5 minutes each time. The sections were blocked with 5% normal goat
serum (Vector laboratories, Inc., USA) for 30 minutes, and after the time was up, the goat
serum liquid was discarded. Goat anti-mouse IgM (HRP) antibody (Abeam) was added to the
sections dropwise, incubated for 1 hour at room temperature and washed with 0.01 M PBS
twice for 5 minutes each time. The sections were developed with a DAB kit (Vector
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laboratories, Inc., USA). After washed with water three times, the sections were counterstained
with hematoxylin for 30 seconds and flushed with running water for 5 minutes. After
dehydration with alcohol gradient, permeabilization with xylenehe, and sealing with a neutral
gum, the sections were observed under an optical microscope at 200x.

[0183] IgM antibodies play an important role during the clearance of apoptotic and necrotic
cells, and the local level of IgM antibodies at the injury site in tissues and organs are positively

correlated with the degree of injury [49.50]. Therefore, detection of local level of IgM antibodies
in tissues and organs can reflect the injury of the tissues and organs.

[0184] The research results show that the positive expression of IgM in the group administered
with plasminogen (Figure 34C) is remarkably lower than that in the control group administered
with vehicle PBS (Figure 34B), and the result of the group administered with plasminogen is
closer to that of the blank control group (Figure 34A) than that of the group administered with
vehicle PBS. This indicates that plasminogen can reduce expression of IgM, suggesting that
plasminogen can alleviate impaired pancreatic islet in mice with impaired PLG activity in a
T1DM model.

Example 35. Plasminogen reduces pancreatic islet cell apoptosis in 24-to 25-week-old
diabetic mice

[0185] Eleven male db/db mice and five male db/m mice, 24-25 weeks old, were weighed and
the db/db mice were randomly divided, according to body weight, into two groups, a group of 5
mice administered with plasminogen and a control group of 6 mice administered with vehicle
PBS, on the day the experiment started that was recorded as day 0; in addition, the db/m mice
were used as a normal control group. Starting from the 1st day, plasminogen or PBS was
administered. The group administered with plasminogen was injected with human plasminogen
at a dose of 2 mg/0.2 mL/mouse/day via the tail vein, and the control group administered with
vehicle PBS was injected with an equal volume of PBS via the tail vein or without any liquid,
both lasting for 31 consecutive days. On day 32, the mice were sacrificed, and the pancreas
was taken and fixed in 4% paraformaldehyde. The fixed pancreas tissues were paraffin-
embedded after dehydration with alcohol gradient and permeabilization with xylene. The
thickness of the tissue sections was 3 uym. The sections were dewaxed and rehydrated and
washed with water once. A tissue was circled with a PAP pen, and a proteinase K solution was
added dropwise to cover the tissue, incubated at room temperature for 7 min, and washed
three times with 0.01 M PBS for 3 minutes each time. A mixed liquid of reagent 1 and reagent
2 (5 : 45) of TUNEL kit (Roche) was added to the sections dropwise, incubated at a constant
temperature of 37°C for 40 min, and washed with 0.01 M PBS three times for 3 minutes each
time. A 3% hydrogen peroxide aqueous solution (hydrogen peroxide : methanol = 1 : 9)
prepared by using methanol was added to the sections dropwise, incubated at room
temperature for 20 minutes in the dark, and washed with 0.01 M PBS three times for 3 minutes
each time. A tunel kit reagent 3 was added to the sections dropwise, incubated at a constant
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temperature of 37°C for 30 min, and washed with 0.01 M PBS three times. A DAB kit (Vector
laboratories, Inc., USA) was applied for development. After washed with water three times,
counterstaining was carried out with hematoxylin for 30 seconds followed by rinsing with
running water for 5 minutes. After dehydration with alcohol gradient, permeabilization with
xylenehe, and sealing with a neutral gum, the sections were observed under an optical
microscope at 200x,

[0186] TUNEL staining may be used to detect the breakage of nuclear DNA in tissue cells
during the late stage of apoptosis.

[0187] The results of this experiment show that the number of positive cells (indicated by
arrow) in the group administered with plasminogen (Figure 35C) is remarkably smaller than
that in the control group administered with vehicle PBS (Figure 35B). Positive TUNEL staining
is extremely low in the normal control group (Figure 35A). The apoptosis rate of the normal
control group is about 8%, the apoptosis rate in the group administered with vehicle PBS is
about 93%, and the apoptosis rate in the group administered with plasminogen is about 16%.
This indicates that the plasminogen group can significantly reduce the apoptosis of pancreatic
islet cells in diabetic mice.

Example 36. Plasminogen lowers serum fructosamine level in 26-week-old diabetic mice

[0188] Nine 26-week-old male db/db mice were weighed and randomly divided, according to
body weight, into two groups, a group of 4 mice administered with plasminogen and a control
group of 5 mice administered with vehicle PBS, on the day the experiment started that was
recorded as day 0. The mice in the group administered with plasminogen were injected with
human plasminogen at a dose of 2 mg/0.2 mL/mouse/day via the tail vein, and the mice in the
control group administered with vehicle PBS was injected with an equal volume of PBS via the
tail vein. Plasminogen or PBS was administered to the mice from Day 1 for 35 consecutive
days. On day 36, the mice were sacrificed to detect the concentration of serum fructosamine.
The concentration of fructosamine was measured using a fructosamine detection kit (A037-2,
Nanjing Jiancheng).

[0189] The detection results show that the concentration of serum fructosamine in the group
administered with plasminogen is remarkably lower than that in the control group administered
with vehicle PBS, and the statistical difference is nearly significant (P = 0.06) (Figure 36). This
indicates that plasminogen can reduce blood glucose glycosamine in 26-week-old diabetic
mice.

Example 37. Plasminogen enhances glucose decomposing ability of T1IDM model mice

[0190] Eight 9- to 10-week-old male C57 mice were randomly divided into two groups, a
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control group administered with vehicle PBS and a group administered with plasminogen, with
4 mice in each group. The mice in the group administered with vehicle PBS and the group
administered with plasminogen were fasted for 4 hours and then intraperitoneally injected with

200 mg/kg streptozotocin (STZ) (Sigma S0130), in a single dose, to induce T1DM 3], 12 days
after the injection of STZ, administration was carried out and this day was set as administration
day 1. The group administered with plasminogen was injected with human plasmin at a dose of
1 mg/0.1 mL/mouse/day via the tail vein, and the control group administered with vehicle PBS
was injected with an equal volume of PBS via the tail vein. Administration was carried out for 19
consecutive days. On day 20, after the mice were fasted for 6 hours, 20% glucose was
intragastrically administered at 2 g/kg body weight, and after 60 minutes, blood was collected
from the orbital venous plexus and centrifuged to obtain a supernatant, which was detected for
blood glucose by means of a glucose assay kit (Rongsheng, Shanghai, 361500).

[0191] The results show that the blood glucose level of the mice in the control group
administered with vehicle PBS is remarkably higher than that of the mice in the group
administered with plasminogen, and the statistical difference is significant (P = 0.04) (Figure
37). This indicates that plasminogen can enhance the glucose decomposing ability of T1DM
mice, thereby lowering blood glucose.

Example 38. Plasminogen improves secretion of insulin in T1IDM model mice

[0192] Six 9- to 10-week-old male C57 mice were randomly divided into two groups, a control
group administered with vehicle PBS and a group administered with plasminogen, with 3 mice
in each group. The two groups of mice were fasted for 4 hours and intraperitoneally injected

with 200 mg/kg streptozotocin (STZ) (Sigma S0130), in a single dose, to induce T1DM 43, 12
days after the injection of STZ, administration was carried out and this day was set as
administration day 1. The group administered with plasminogen was injected with human
plasmin at a dose of 1 mg/0.1 mL/mouse/day via the tail vein, and the control group
administered with vehicle PBS was injected with an equal volume of PBS via the tail vein.
Administration was carried out for 20 consecutive days. On day 21, the mice were fasted for 6
hours, and then, blood was taken from venous plexus in the eyeballs, the blood was
centrifuged to obtain a supernatant, and the concentration of serum insulin was detected using
an insulin detection kit (Mercodia AB) according to operating instructions.

[0193] The results show that the concentration of insulin in the mice in the control group
administered with vehicle PBS is remarkably lower than that of the mice in the group
administered with plasminogen, and the statistical difference is nearly significant (P = 0.08)
(Figure 38). This indicates that plasminogen can promote secretion of insulin in T1DM mice.
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Patentkrav

1. Farmaceutisk sammensaetning, der omfatter en virksom maengde plasmi-
nogen til anvendelse ved behandling af diabetes ved at reducere blodglucose
hos en diabetiker, hvor plasminogenet: (a) har mindst 90%, 95%, 96%, 97 %,
98% eller 99% sekvensidentitet med SEQ ID No. 2; eller (b) har mindst 95%,
96%, 97%, 98% eller 99% sekvensidentitet med SEQ ID No. 6, 8, 10 eller 12,

og stadig har aktiviteten af plasminogen.

2. Farmaceutisk sammenseetning til anvendelse ifalge krav 1, hvor blodglu-
cose er valgt blandt et eller flere af. et serumglucoseniveau, et serumfructosa-

minniveau og et serumglykeret haemoglobinniveau.

3. Farmaceutisk sammenseetning til anvendelse ifalge krav 2, hvor blodglu-

cose er et serumglucoseniveau.

4. Farmaceutisk sammenseetning til anvendelse ifelge et hvilket som helst af
kravene 1 til 3, hvor diabetes mellitus er T1DM eller T2DM.

5. Farmaceutisk sammensaetning til anvendelse ifalge et hvilket som helst af
kravene 1 til 4, hvor plasminogenet forbedrer glucosetolerancen hos en diabe-
tiker.

6. Farmaceutisk sammensaetning til anvendelse ifalge et hvilket som helst af
kravene 1 til 5, hvor plasminogenet fremmer postprandialt blodglucosefald hos

diabetikeren.

7. Farmaceutisk sammensaetning til anvendelse ifalge krav 6, hvor plasmino-

genet indgives 30 minutter til 1,5 timer, fer individet har et mailtid.
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8. Farmaceutisk sammensaetning til anvendelse ifalge et hvilket som helst af
kravene 1 til 5, hvor plasminogenet fremmer udnyttelsen af glucose eller frem-

mer sekretion af insulin hos en diabetiker.

9. Farmaceutisk sammensaetning til anvendelse ifalge et hvilket som helst af
kravene 1 til 8, hvor plasminogenet fremmer ekspressionen og/eller sekretio-
nen af insulin, mens den reducerer ekspression og/eller sekretion af glucagon

I individet.

10. Farmaceutisk sammenseetning til anvendelse ifalge et hvilket som helst af
kravene 1 til 9, hvor plasminogenet fremmer ekspression af insulinreceptor-

substrat 2 (IRS-2) og/eller multi-direktionel nuklear transkriptionsfaktor NF-kB.

11. Farmaceutisk sammenseaetning til anvendelse ifalge krav 1 til 10, hvor plas-

minogenet fremmer reparation af en beteendelse i pancreas-gen.

12. Farmaceutisk sammenseetning til anvendelse ifalge krav 11, hvor plasmi-
nogenet reducerer pancreas-g-fibrose eller inhiberer pancreas-g-celle-apop-

tose.

13. Farmaceutisk sammenseetning til anvendelse ifalge et hvilket som helst af
kravene 1 til 12, hvor plasminogenet indgives i kombination med en eller flere

andre lszegemidler eller terapier.

14. Farmaceutisk sammenseetning til anvendelse ifalge et hvilket som helst af
kravene 1 til 13, hvor plasminogenet har mindst 90%, 95%, 96%, 97%, 98%
eller 99% sekvensidentitet med SEQ ID NO. 2 og stadig har plasminogenakti-

viteten.

15. Farmaceutisk sammenseetning til anvendelse ifalge et hvilket som helst af

kravene 1 til 13, hvor plasminogenet er valgt blandt Glu-plasminogen, Lys-
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plasminogen, mini-plasminogen, mikro-plasminogen, delta-plasminogen eller

deres varianter, der bevarer plasminogenaktiviteten.
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SEKVENSLISTE

Sekvenslisten er udeladt af skriftet og kan hentes fra det Europeaeiske Patent Register.

The Sequence Listing was omitted from the document and can be downloaded from the European
Patent Register.

Sidste side



	Page 1 - ABSTRACT/BIBLIOGRAPHY
	Page 2 - ABSTRACT/BIBLIOGRAPHY
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - DESCRIPTION
	Page 34 - DESCRIPTION
	Page 35 - DESCRIPTION
	Page 36 - DESCRIPTION
	Page 37 - DESCRIPTION
	Page 38 - DESCRIPTION
	Page 39 - DESCRIPTION
	Page 40 - DESCRIPTION
	Page 41 - DESCRIPTION
	Page 42 - DESCRIPTION
	Page 43 - DESCRIPTION
	Page 44 - DESCRIPTION
	Page 45 - DESCRIPTION
	Page 46 - DESCRIPTION
	Page 47 - DESCRIPTION
	Page 48 - DESCRIPTION
	Page 49 - DESCRIPTION
	Page 50 - DESCRIPTION
	Page 51 - DESCRIPTION
	Page 52 - DESCRIPTION
	Page 53 - DESCRIPTION
	Page 54 - DESCRIPTION
	Page 55 - DESCRIPTION
	Page 56 - DESCRIPTION
	Page 57 - DESCRIPTION
	Page 58 - DESCRIPTION
	Page 59 - DESCRIPTION
	Page 60 - DESCRIPTION
	Page 61 - DESCRIPTION
	Page 62 - DESCRIPTION
	Page 63 - DESCRIPTION
	Page 64 - DESCRIPTION
	Page 65 - DESCRIPTION
	Page 66 - DESCRIPTION
	Page 67 - DESCRIPTION
	Page 68 - DESCRIPTION
	Page 69 - DESCRIPTION
	Page 70 - DESCRIPTION
	Page 71 - DESCRIPTION
	Page 72 - DESCRIPTION
	Page 73 - DESCRIPTION
	Page 74 - DESCRIPTION
	Page 75 - DESCRIPTION
	Page 76 - DESCRIPTION
	Page 77 - CLAIMS
	Page 78 - CLAIMS
	Page 79 - CLAIMS
	Page 80 - DRAWINGS
	Page 81 - DRAWINGS
	Page 82 - DRAWINGS
	Page 83 - DRAWINGS
	Page 84 - DRAWINGS
	Page 85 - DRAWINGS
	Page 86 - DRAWINGS
	Page 87 - DRAWINGS
	Page 88 - DRAWINGS
	Page 89 - DRAWINGS
	Page 90 - DRAWINGS
	Page 91 - DRAWINGS
	Page 92 - DRAWINGS
	Page 93 - DRAWINGS
	Page 94 - DRAWINGS

