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Description

TECHNICAL FIELD

[0001] The invention relates to pharmaceutical field, specifically to a pharmaceutical composition and use thereof.

BACKGROUND ART

[0002] Colorectal canceris one ofthe most common malignant tumors, with incidence listed in the second in developed
countries including European and USA, and the third worldwide. Along with continuous improvement of living standard
iIn China and the westernization of diet, the incidence of colorectal cancer, increasing year by year in recent years, has
risen to 3-5th among various cancers, especially in big cities. At present, the treatment of colorectal cancer applied drugs
with only general effect on tumor but lacked direct targeting colorectal cancer. This situation needs to be improved as
soon as possible.

MIR-150 inhibits colorectal cancer cell proliferation

[0003] The key molecule miR-150 was validated through screening from colorectal cancer progresses at different
stages (normal, adenomas, adenocarcinomas) by using miRNA microarrays. It was found in large-scale clinical samples
analysis that colorectal cancer patients with low miR-150 expression always had shorter survival and with poorer post-
operative chemotherapy sensitivity; however, patients with high miR-150 expression survived longer and with post-
operative chemotherapy sensitivity. According to the sequences of mIRNAs, four oligos: miR-150 mimic, inhibitor and
the controls (mimics control, inhibitor control) were acquired (Table 1), which can be obtained commercially. We then
developed a new formulation by applying histidine-lysine Polymer (HKP) as carriers to form nanoparticle formulation.
This formulation could be applied as a new generation of targeted therapeutic drug, which inhibited the growth of colon
cancer by inducing programmed death of cancer cell in a tumor xerographic mouse models. In conclusion, the chemical
synthesis and modification of microRNA drug provides a brand-new therapeutic method for colon cancer, which is
different from traditional small molecule or monoclonal antibody drugs. This drug modality shows clear mechanism of
action, accurate targets, as well as unique advantages in safety, since it is derived from human body.

Table 1
Name Seguence (5'-3)
miR-150 mimics UCUCCCAACCCUUGUACCAGUG
miR-150 inhibitor | CACUGGUACAAGGGUUGGGAGA
mimics control UUCUCCGAACGUGUCACGUTT
inhibitor control CAGUACUUUUGUGUAGUACAA

Regulation of the target gene expression by synthesized miRNAs

[0004] MicroRNAs (miRNAs) are endogenous non-coding RNA in eukaryotes which can control protein expression
by regulating the degradation of the target messenger RNA. The mIRNA mimics or antagomirs could be obtained by
chemical synthesis; Synthesized mimics can simulate endogenous maturity miRNAs with high expression, whereas
synthesized antagomirs can specifically binding to target miIRNAs and weaken the gene silencing effects of endogenous
MIRNAS, resulted with regulation of the expression of target proteins.

A branched histidine-lysine peptide (HKP) for siRNA delivery in vivo

[0005] Branchedhistidine-lysine peptide (HKP, Histidine-Lysine Co-polymer), a branched polymer with positive charge
(Figure 1), has been successfully used to deliver plasmids and siRNAs in vivo. We have carried out the delivery of
SIRNASs In a variety of tissues, including skin scar, liver, lung, tumor, eye and brain. However, because of the difference
In the characteristics between siRNAs and miRNAs, the possibility of mIRNAs delivery by using HKPs still needs to be
studied.

[0006] CN103007291 and CN103623425 both provide for branched carriers in the context of various therapies, In-
cluding cancer therapies, by do not provide the miIRNA's of claim 1.

[0007] D Pramaniketel:"Restitution of TumorSuppressor MicroRNAs Using a Systemic Nanovector Inhibits Pancreatic
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Cancer Growth in Mice", Molecular Cancer Therapeutics, vol 10, no. 8, 27 May 2011 [pages 1470-1480] provides colon
cancer therapy using miRNA143 but absent a carrier of the type claimed in claim 1,

SUMMARY OF THE INVENTION

[0008] In accordance with the present invention, a pharmaceutical composition is provided, which is a targeted drug
for the treatment of colorectal cancer.

[0009] According to a first aspect of the invention, there is provided a pharmaceutical composition wherein the phar-
maceutical composition comprises microRNAs with or without chemical modification, and a carrier that is suitable for
delivery in vivo, the carrier is a branched histidine-lysine polypeptide or modified compound thereof, characterized in
that the micro RNAs include one or more of a miR-150, a miR-143 and a miR-195, the sequence of the miR-150 is 5'-
UCUCCCAACCCUUGUACCAGUG-3’, the segquence of the miR-143 is 5-UGAGAUGAAGCACUGUAGCUC-3’, the
sequence of the miR-195 Is 5'-UAGCAGCACAGAAAUAUUGGC-3'. The expression of miR-150 is closely related with
prognosis of colorectal cancer by large-scale clinical samples analysis and cellular studies.

[0010] Specifically,the miR-1501s a miR-150 analogue constructed according to known seguence of micro RNA in vitro.
[0011] Specifically, the microRNA is single strand, which is easily degraded, so the chemical modification is used to
improve its stability.

[0012] Specifically, the chemical modification is formed on a pentose of a single nucleotide or multi-nucleotides of the
microRNASs.

[0013] Specifically, a chemical group of the chemical modification is fluoro or methoxy.

[0014] More Specifically, the chemical modification is formed on 2'-OH in all bases of a single-stranded of the micro-
RNAs.

[0015] More Specifically, the miR-143 is a miR-143 analogue constructed according to known sequence of micro RNA
in vitro.

[0016] More Specifically, the miR-195 is a miR-195 analogue constructed according to known sequence of micro RNA
in vitro.

[0017] Specifically, the microRNAs include a miR-150 and a miR-143, and the miR-150 and the miR-143 are mixed
to form a double-target microRNASs inhibitor to enhance the anti-tumor effect.

[0018] Specifically, the microRNAs include a miR-150 and a miR-195, and the miR-150 and the miR-195 are mixed
to form a double-target microRNASs inhibitor to enhance the anti-tumor effect.

[0019] Specifically, the microRNAs include a miR-143 and a miR-195, and the miR-143 and the miR-195 are mixed
to form a double-target microRNASs inhibitor to enhance the anti-tumor effect.

[0020] Specifically, the microRNAs include a miR-150, a miR-143 and a miR-195, and the miR-150, the miR-143 and
the miR-195 are mixed to form a triple-target microRNAs inhibitor to enhance the anti-tumor effect.

[0021] Specifically, the branched histidine-lysine polypeptide as claimed is a positively charged histidine-lysinepolymer
(HKP), which is used for nucleic acid delivery in a variety of tissue types.

[0022] Specifically, the modified compound of branched histidine-lysine polypeptide is a branched histidine-lysine
polymer with a histidine in every branch (HKP+H), which is used for nucleic acid delivery in a variety of tissues with low
iImmune and inflammatory reaction.

[0023] Specifically, the branched histidine-lysine polypeptide is H3K4b, which is constituted by three lysine cores and
four branches that contain a large number of repetitive histidine and lysine, whose structure is shown in Fig.1.

[0024] Specifically, the modified compound of the branched histidine-lysine polypeptide is H3K(+H)4b, with a histidine
iIn each branch of H3K4b. The structure of H3K(+H)4b is the structure shown in Fig. 1 wherein side chain R is replaced
with R=EKHHHKHHHKHHHHKHHHK.

[0025] Specifically, the nitrogen and phosphorus mass ratio (N/P) of the carriers and the microRNAs Is between 8:1
and 1:8.

[0026] Preferably, the nitrogen and phosphorus mass ratio (N/P) of the carriers and the microRNAs is no less than 4:1.
[0027] Specifically, the carrier is a three-component system of RGD-PEG-HKP. RGD and HKP are coupled on both
ends of PEG, and the RGD is a polypeptide composed of 7-12 amino acids with specific recognition and adhesion effects
on new blood vessels endothelial cells, which can be used as a targeting molecule of micro nucleic acid delivery system.
[0028] A HKP-end of the three-component system of RGD-PEG-HKP is capable of combining a micro nucleic acid to
form a nanoparticle (approximately 150 nm), and a RGD-end on the surface of nanoparticle is capable of targeting tumor
cells. Specifically, a molar concentration of the microRNAs is no less than 1 nM. HKP of the present invention Is syn-
thesized from an outsourced company, which made the peptide according to the techniques and processes of the
iInventors. Figure 2 showed the details of HKP synthetic steps.

[0029] The pharmaceutical composition for use in colorectal cancer treatment is described herein.

[0030] The pharmaceutical composition synergized with small molecule chemical drug or monoclonal antibody for use
In colorectal cancer treatment is described herein.
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[0031] The syntheses of the four single stranded miRNAs in the present invention are synthesized by monomer
nucleotides via chemical methods, and chemical modification were introduced to increase their stability. The chemical
modification is formed on 2'OH in all the bases of single-stranded miRNAs and the chemical group is methoxy(2-Ome)
or fluoro (2'-F)(Figure 14). Finally, in order to confirm which chemical modification was more beneficial, the miR-150
relative expression of each group was evaluated and compared in vitro.

[0032] Duetothe implementation ofthe technical scheme above, the invention has the following advantages compared
with the current technology:

nanoparticles with different sizes are formed after mixed microRNAs with carrier at different N/P ratios, which are suitable
for microRNAs delivery and can inhibit the growth of colon cancer by inducing programmed death of cancer cell, so as
to depress the growth of colorectal cancer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033]

Figure 1 shows structure diagrams of a branched histidine-lysine polypeptide and a histidine added in each branch
thereof. The R stands for amino acid sequence of four branched side chains.

Figure 2 shows synthetic steps of HKP.

Figure 3 shows capacity for entrapping microRNA of HKP with different mass analyzed by agarose gel electrophore-
sis, wherein, HKP and miRNA (1 ug) was mixed in different mass ratio: 1:1, 2:1, 4:1,6:1, 8:1, M means DNA Marker.
Figure 4 shows capacity for entrapping microRNA of HKP with different mass analyzed by agarose gel electrophore-
sis. Wherein, HKP and miRNA (1 ug) was mixed in different mass ratio: 2:1, 2.5:1, 3:1, 3.5:1, 4:1, M means DNA
Marker.

Figure 5 shows a standard curve between Ribo Green fluorescent intensity constructed with various miRNA con-
centrations.

Figure 6 shows the percentage of free-miRNAs to starting total miRNAs in different N/P ratio of HKP and miR-150,
namely the entrapment efficiency of HKPs to miIRNAs at the different ratios.

Figure 7 shows the results of RT-PCR to confirm the effects of different miRNAs (including mimics, inhibitor, mimics
control, inhibitor control) concentrations on miR-150 relative expression in vitro; B1K + HKP was serum-free medium
+ HKP; HKP:mIRNA was in the N/P ratio of 4:1; the volume of lipo2000 (1:100, v/v) was consistent in all groups
using lipo. The data is expressed as Mean * Standard Deviation.

Figure 8 shows the effect of different miIRNAs (including mimics, inhibitor, mimics control, inhibitor control) concen-
trations on miR-150 relative expression in vitro, with or without chemical modification; the volume of lipo2000 (1:100,
v/v) was consistent in all groups using lipo. The data is expressed as Mean=Standard Deviation. M: mimics, MNC:
mimics control, |: inhibitor, INC: inhibitor control, *P<0.05, **P<0.01.

Figure 9 shows the tumor inhibitory effect evaluation after nine times treatment with miR-mimics and other control
formulation groups that were injected into the tumor tissue. Tumor was formed through subcutaneously inoculated
LoVo cells into nude mice. Tumor volume differences between mimics group and other control groups have statistical
significant. Wherein, *p < 0.05.

Figure 10 shows the growth trend of tumor volume in each group after repeated treatment.

Figure 11 shows the expression of miR-150 in tumor tissue, wherein *p < 0.05.

Figure 12 is a statistical graph of inhibition of celldivision (PCNA) induced by miR-150/HKP drug formulation, wherein
*n < 0.05.

Figure 13 Is a statistical graph of programmed tumor cell death (TUNEL) induced by miR-150/HKP formulation,
wherein *p < 0.05.

Figure 14 shows the preparation process of RGD-HKP/mIRNA nanoparticle formulation.

Figure 15 shows the diagram of 2 'methoxy modification(2'-Ome).

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0034] The present invention will be further described in detail with reference to specific embodiments, but the present
iInvention is not limited to the following embodiments.

Embodiment 1. Agarose gel electrophoresis analysis of the optimal nitrogen-phosphorus ratio (N/P) between HKP and
miR-150.

[0035] Agarose gel electrophoresis is an electrophoresis method with the supporter of agarose, which plays a dual
role in "molecular sieves" and "electrophoresis”. The separation of charged particles not only depends on the character
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and amount of net charge, but also on the molecular size. Generally, electrophoresis with the supporter of 1% agarose
always be used to isolated nucleic acid including in this study, to observe the HKP entrapment capacity to miRNA by
1% agarose gel electrophoresis.

[0036] HKP is obtained from two different resources, which was synthesized according to the technology and process
of the invention, and mixed with M, respectively in different mass ratio of 1:1, 2:1, 4:1, 6:1, 8:1, to conduct the pre-
screening test of nitrogen and phosphorus suitable mass ratio.

[0037] After agarose gel electrophoresis (Figure 2), it is clearly that no free miIRNAs in the mass ratio of 4:1, that is,
when mIRNAs and HKPs are mixed in this or higher ratio, miRNAs can be entrapped completely by HKP. However,
there is no free miIRNAS in N/P ratio of 2:1. Therefore, in consideration of the cost, five different ratios: 2:1, 2.5:1, 3:1,
3.9:1, 4:1 were further applied to find detailed ratio. According to the results, it's obvious that the HKP from API| has
better entrapment effect. Therefore, the API's HKP was mixed with four oligos (mimics, inhibitor, mimics control, inhibitor
control, respectively) for optimization sequences. However, due to the entrapment effect of HKP (API) with the ratio of
3.9:1 (Figure 3) Is not very good in terms of entrapment efficiency and can still detect relatively exposed miRNAs in the
well. Therefore, the ratio of 4:1 is much better.

Embodiment 2. Particle size and potential measurements to validate the proper nitrogen to phosphorus mass ratio (N/P)
of HKPs and miR-150s.

[0038] Dynamiclight scattering (DLS) particle size measurement has become a conventional characterization method
of nanotechnology because ofits accuracy, rapidity and repeatability. Particle size distribution of nanoparticles in agueous
suspension can be measured directly by laser granulometer, which using dynamic light scattering principle.

[0039] Zeta potential is also called the electric potential (C- potential), it refers to the potential of the shear plane, and
IS an important indicator of nanoparticle solution dispersion stability. It is the potential difference between continuous
phase and the fluid layer with stable stratification that attached to dispersed particles, and can be measured directly by
electro dynamics. Electric potential of nanoparticles in aqueous suspension can be measured directly by Zeta Potential
Meter, which using electrophoretic light scattering principle.

[0040] Mixed HKP (API) with two oligos (mimics, inhibitor,respectively) in the five mass ratios: 2:1, 2.5:1, 3:1, 3.5:1,
4:1, to measure the particle size and potential of the formed nanoparticles. The data of all ratios (Table 2 and Table 3)
showed stable potentials and particle sizes.
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Embodiment 3. Analysis of suitable nitrogen and phosphorus mass ratio (N/P) between HKP and miR-150 by entrapment
efficiency measurement

[0041] RiboGreen RNA quantitation reagent is an ultra-sensitive nucleic acid fluorescent dyes, and RNA quantification
will become simple and quick by using this reagent.

[0042] RiboGreen fluorescent dye almost has no fluorescence activity in solution; But when it combines with RNA, its
fluorescence activity will increase 1000-folds. The fluorescence excitation and emission wavelength of RiboGreen-RNA
complex is 300nm and 525nm respectively.

[0043] When the RibGreen fluorescent dye is added to the solution, the free miRNA will bind with it and form a
RiboGreen-RNAs complex with fluorescent activity. However, HKP-encapsulated miRNAs do not bind to RibGreen
fluorescent dyes and do not produce fluorescent activity. Therefore, a standard curve is drawn by using the miRNA
fluorescence intensity and the corresponding concentration, and then the corresponding concentration is calculated on
the standard curve (Figure. 4) accordingto the fluorescence ofthe test sample, and the entrapment efficiency s calculated.

Entrapment Efficiency=(1-CrnA/Cinitial concentration) X 100%

[0044] HKP (API) and two oligos (mimics, inhibitor) were respectively mixed in the five mass ratios, namely 2:1, 2.5:1,
3:1, 3.5:1, 4:1, to measure the entrapment efficiency.

[0045] With the increment of HKP (Figure 3), the concentration of free miIRNAs was reducing, which means that the
entrapment effect was increasing with obvious gradient, and the concentration of free miIRNAs was relatively low at the
ratio of 4:1, which is suitable for further research.

Embodiment 4. /In vitro cell bioclogy experiments to analyze the relative activity of miR-150 at the ratio (N/P) of 4:1 (mIRNA
to HKP)

[0046] The complexes of HKP (APl) and miIRNA (unmodified) (N/P ratio=4:1) were transfected into LOVO cell lines
and using real-time fluorescence quantification PCR in vifro to detect miR-150 relative expression.

[0047] Real-time fluorescence quantitative PCR method: In the real-time fluorescence quantitative PCR reaction sys-
tem, a fluorescent chemical substance is introduced. As the PCR reaction proceeds, the PCR reaction products are
continuously accumulated, and the fluorescence signal intensity also increases in equal proportion. After each cycle, a
fluorescence intensity signal is collected, so that changes in the amount of the product can be monitored by changes in
the fluorescence intensity, thereby enabling guantitative and qualitative analysis of the starting template.

[0048] LOVO cell line was used in the invention. After the cells are transfected for 20-24 hours, the total RNA Is
extracted from each group of cells, the corresponding cDNA is obtained by reverse transcription PCR, and finally passed
through the real-time gquantitative PCR to detect the expression of miR-150 in each group of cells. U6 gene was used
as a reference gene. Each sample was run in triplicate.

[0049] Fouroligo mIRNAs were detected at a concentration of 100 pM. A group of 100 nM was set up as control. The
experimental results showed that the mimics of the three groups had certain effects, especially in 100 nM group (figure
6), indicated that it is appropriate and effective when N/P ratio is 4:1. Therefore, this optimum ratio can be determined
as the following formulation preparation ratio.

Embodiment 5. Analysis of miIR-mimics (with chemical modification and without) relative expression in vitro entrapped
by lipo 2000

[0050] Nanocomplexes with unmodified mimics and mimics control, as well as chemically modified (2'- and 2'-fluoro
modified) mimics and mimics control were encapsulated with lipo 2000 and transfected into LOVO cell lines. The miR-
150 relative expression of each group was detected and compared by real-time fluorescent quantitative PCR in vitro, in
order to confirm whether the chemical modification was beneficial or not.

[0051] The mosteffective one is 2 'methoxyl (2'-Ome) modified single stranded miRNA, which could cause a substantial
increase of miR-150 intracellular relative expression (Figure 7).

Embodiment 6. Pharmacodynamic study of miR-150 targeted polypeptide formulation

[0052] LoVo cells were inoculated subcutaneously in nude mice to form tumors. HKP-encapsulated miR-150 and other
control groups of micro nucleic acid drug preparations were injected into the tumor tissue for 9 consecutive treatments.
Subcutaneous xenografts were injected once every two days (injected into the tumor tissue at a level of 0.5 cm along
the dorsal surface of the skin, and the needles continued to enter the center of the tumor, intratumoral injection). Each
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injection was 1 OD/70 uL formulation /once with a total of 9 times administration. The entire process took 18 days from
the start of dosing to the final collection. Tests have shown that miR-150 has a significant inhibitory effect on tumors
(Figure 8). The statistics of tumor volume in each group are shown in Table 4.

5 Table 4
Group Length (mm) | Width(mm) | Volume(mm?)
10.07 8.49 362.92
Q.71 8.54 354.08
" mimics 12.03 10.06 608.73
11.78 10.36 632.17
10.03 7.61 290.42
15 9.76 7.64 284 .84
Mean 422.19 + 157.41
mimics control 13.95 11.88 984 .41
15.02 13.21 1310.52
” 12.49 11.01 757.01
16.44 11.37 1062.65
15.22 12.60 1208.16
25
Mean 1064.6 + 213.27
inhibitor 14.31 13.06 1220.38
0 14.51 13.87 1395.69
15.97 12.42 1231.73
15.88 14.92 1767.49
15.41 13.56 1416.74
39 Mean 1406.41 = 221.18
inhibitor control | 14.07 12.91 1172.51
10.11 9.96 501.46
40 12.43 11.21 781.00
14.32 12.87 1185.96
13.25 11.73 911.55
11.99 11.36 773.65
# Mean 887.69 + 262.41
transfection 16.24 11.15 1009.49
13.72 11.03 834.59
” 15.71 15.07 1783.90
16.17 14.68 1742.33
12.23 11.56 817.16
13.72 10.74 791.28
> Mean 1163.13 = 471.17
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(continued)

Group Length (mm) | Width(mm) | Volume(mm?)
blank 14.50 11.99 1042.26

15.02 12.76 1222.76

16.87 15.55 2039.60

12.59 12.01 907.99

15.91 12.34 1211.35
Mean 1284.79 + 441 .48

Embodiment 7. Changes of tumor volume in the process of targeted therapy

[0053] At the beginning of the treatment, the tumor volumes are all approximately 145 mm?3. During the course of
treatment, except for the miR-150 treatment group, whose tumor growth was significantly slowed, the other groups
showed similar growth trends as the untreated control group. From the seventh treatment, tumor growth was significantly
inhibited (Figure 9). Statistical data are shown in Table 5.

25

30

35

Table 5

mimics | mimics control | inhibitor | inhibitor control | transfection | blank
1 | 148.62 | 133.52 143.25 148.7 132.85 135.31
2 | 150.65 | 153.08 163.49 156.62 169.6 180.61
3 | 169.73 | 191.5 229.18 185.87 212.76 252.37
4 | 174.04 | 199.64 290.55 205.88 268.19 333.58
5 | 214.3 269.43 316.85 297.28 440.23 412.8
6 | 253.56 | 355.57 587.18 459.65 543.91 539.03
7 | 354.7 453.46 737.6 583 664.05 735.98
8 | 38213 | 696.43 047 .24 742.09 848.22 975.03
9 | 422.2 1064.6 1406.4 877.69 1163.1 1248.8

Embodiment 8. Expression of target molecule miR-150 in tumor tissues

[0054] After treatment, animals were treated with euthanasia and tumor tissues were harvested to obtain total RNA.
Quantitative RT-PCR was used to detect the expression levels of targeted micro nucleic acids in tumor tissues. It was
shown that the expression of micro nucleic acid in miR-150/HKP treatment group was significantly higher than that in
other groups (Figure 10), data were shown in Table 6.
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Table 6

Group 14 2# 3# Mean

mimics 6.743 | 5689 | 6.313 | 6.248+0.530
mimics control 1.766 | 2.244 | 1.558 | 1.856+0.351
inhibitor 0.980 | 0.807 | 1.053 | 0.943+0.129
inhibitor control | 2.049 | 1.694 | 2.345 | 2.209+0.325
transfection 1.559 | 1.977 | 1.747 | 1.761*+0.209
blank 2121 | 1.772 | 1.523 | 1.805+0.301

10
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Embodiment 9A. Programmed tumor cell death (PCNA) was induced by miR-150/HKP formulation

[0055] The treated tumor tissues were detected and proliferating cell nuclear antigen (PCNA) was evaluated. PCNA
In tumor tissues treated with miR-150/HKP drugs was significantly different from other control groups and untreated
groups. PCNA was substantially reduced in the tumor cell nucleus after miR-150/ HKP formulation treatment, indicated
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tumor cell death (Figure 11). The data were shown in table 7.

Table7

Group PCNA positive nuclei (%) Mean

mimics 0.090583 | 0.096861 | 0.086996 | 0.0914+0.00499
mimics control 0.323956 | 0.344416 | 0.307/58 | 0.3253+0.01837
inhibitor 0.478066 | 0.498657 | 0.457475 | 0.4781+0.02059
inhibitor control | 0.366551 | 0.396014 | 0.348354 | 0.3703+0.02405
transfection 0.395541 | 0.423617 | 0.377374 | 0.3988+0.02329
blank 0.391525 | 0.432203 | 0.363559 | 0.3957+0.03452

Embodiment 9B. Programmed tumor cell death (TUNEL) was induced by miR-150/HKP formulation

[0056] Afterthe treatment, it was detected that miR-150/HKP treatment group showed significant difference from other
control groups by classic TUNEL method. TUNEL nuclei got a substantial increase in the tumor cell after miR-150/ HKP
formulation treatment, indicated the treatment induced programmed tumor cell death (Figure 11). The data were shown
in table 8.

Table8

Group TUNEL-positive nuclel (%) Mean

mimics 0.2782739 | 0.3007692 0.2476548 0.2756+0.02666
mimics control 0.1355891 | 0.1039606 0.1182176 0.1193+0.01584
inhibitor 0.0811801 | 0.09044278 | 0.09593246 | 0.0892+0.007456
inhibitor control | 0.1250844 | 0.1397036 0.1009606 0.1219+0.01956
transfection 0.1332083 | 0.1305797 0.1414653 0.1351+0.00568
blank 0.100844 0.1183321 0.0939606 0.1044+0.01256

Embodiment 10. RGD-HKP can target to deliver miIRNA to tumor tissue

[0057] The HKP/sIRNA nanoparticles modified by application of cRGD can have affinity for oo v33 and aovA3S integrins
on the surface of neovascular endothelial cells. Due to the large number of neovascularizations in the tissues near the
tumor, and abundant expression of avp3 and avB 3 integrins, the HKP (cCRGD modified)/siRNA nanoparticles we designed
could enhance the miIRNA enrichment near the tumor tissue and miRNA entered into tumor cells effectively to induce
cell death. Figure 13 shows the RGD-HKP/mIRNA nanoparticle preparation process.

Embodiment 11. miR-143 for the treatment of colorectal cancer

[0058] mIR-143 is significantly down-regulated in colorectal cancer tissues, and its expression level can be regulated
through different pathways. Studies have shown that PI3K/Akt, MAPK and HGF/MET signal paths were affected by the
down-regulation of miR-143. Meanwhile, miR-143 can decrease the expression of Ras, ErkS, Akt and MCC1. If miR-
143 is added to rectal cancer cells, apoptosis of cancer cells can be induced and slower tumor growth can be observed
In mouse animal experiments. Therefore, the application of miR-143 alone can achieve the treatment of rectal cancer.

11
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Embodiment 12. miR-195 for colorectal cancer treatment to reduce tumor resistance to cytotoxic drugs

[0059] Through cytological tests, it was found that knockdown of miR-195 HT29 and LOVO cells significantly inhibited
DOX (Doxorubicin) -induced cytotoxicity. At the same time, the direct involvement of miR-195 inhibits the expression of
BCL2L2. Furtherstudies have shown that low-profile miR-195 expression can enhance DOX resistance intumor precursor
cells and reduce the rate of tumor cell apoptosis. When miR-195 is overexpressed, tumor cells are more sensitive to
DOX and induce apoptosis. These results suggest that the application of miR-195 as a therapeutic method will gradually
reduce the resistance of tumor cells to DOX and enhance the therapeutic effect.

Embodiment 13. mIR-150/miR143/miIR195 miRNAs for the treamtnet of colorectal cancer

[0060] Based on the embodiment 11 and 12, we could assume and confirm that the miRNAs cocktail of miR-
150/miR143, the miR-150/mIR195, the mIR143/miR195, or the miR-150/miR143/miR195 trinity would further enhance

the treatment effect.
Embodiment 14. Synergized miR-150 with small molecule-based drug for anti-tumor treatment

[0061] Stivarga (regorafenib, Tablets Riegefini) is the FDA approved new indication in 2013 for the treatment of
advanced gastrointestinal stromal tumors. Stivarga is a kinase inhibitor apply to the chemotherapy that was used based
on [fluoropyrimidine]-, [oxaliplatin]- and [irinotecan]- in the past. It is a kind of anti-VEGF treatment including KRAS wild-
type, as well as a kind of anti-EGFR-treatment for metastatic colorectal cancer (CRC). The use of miR-1350 in combination
with this small molecule targeted drug to treat predictable good outcomes in rectal cancer.

Embodiment 15. Synergized miR-150 with monoclonal antibody for anti-tumor treatment
[0062] Lots of monoclonal antibody drugs are approved by the FDA as first-line or second-line drugs for colorectal
cancer treatment, such as Bevacizumab (Avastin), Betuximab (Erbitux), and Panitumumab (Vectibix). The combination

of mIR-150 and antibody drugs which have been applied in clinical application would be an approach with a great prospect
for the treatment.

12
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Patentkrav

1. Farmaceutisk sammensaetning, hvor den farmaceutiske sammensaetning
omfatter mikro-RNA’er med eller uden kemisk modifikation, og en baerer som er
egnet til levering in vivo, baereren er et forgrenet histidin-lysin-

polypeptid kendetegnet ved, at mikro-RNA’erne inkluderer en eller flere af en
MiR-150, en miR-143 og en miR-195, sekvensen af miR-150 er 5'-
UCUCCCAACCCUUGUACCAGUG-3', sekvensen af miR-143 er 5'-
UGAGAUGAAGCACUGUAGCUC-3’, sekvensen af miR-195 er 5'-
UAGCAGCACAGAAAUAUUGGC-3'.

2. Den farmaceutiske sammensaetning ifglge krav 1, kendetegnet ved, at
mikro-RNA’erne inkluderer to af miR-150, miR-143 og miR-195, som er blandet
for at danne en dobbelt-mal-mikro-RNA-inhibitor; eller, mikro-RNA’erne inkluderer
miR-150, miR-143 og miR-195, som er blandet for at danne en tredobbelt-mal-
mikro-RNA-inhibitor.

3. Den farmaceutiske sammensaatning ifglge et hvilket som helst af kravene 1-2,

kendetegnet ved, at mikro-RNA’et er enkeltstrenget.

4. Den farmaceutiske sammensaetning ifglge et hvilket som helst af kravene 1-3,
kendetegnet ved, at den kemiske modifikation er dannet pa en pentose af et

enkelt nukleotid eller multi-nukleotider af mikro-RNA’erne.

5. Den farmaceutiske sammensaetning ifglge et hvilket som helst af kravene 1-4,
kendetegnet ved, at en kemisk gruppe af den kemiske modifikation er fluor eller

methoxy.

6. Den farmaceutiske sammensatning ifglge krav 5, kendetegnet ved, at den
kemiske modifikation er dannet pa 2'OH i alle baser af en enkeltstreng af mikro-
RNA’erne.

7. Den farmaceutiske sammensaatning ifglge et hvilket som helst af kravene 1-6,

kendetegnet ved, at det forgrenede histidin-lysinpolypeptid er en positivt ladet
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histidin-lysinpolymer.

8. Den farmaceutiske sammensaetning ifglge et hvilket som helst af kravene 1-7,
kendetegnet ved, at den modificerede forbindelse af det forgrenede histidin-
lysinpolypeptid er en forgrenet histidin-lysinpolymer med en histidin tilfgjet i hver
gren deraf.

9. Den farmaceutiske sammensaetning ifglge et hvilket som helst af kravene 1-8,

kendetegnet ved, at det forgrenede histidin-lysinpolypeptid er H3K4b eller
H3K(+H)4b.

10. Den farmaceutiske sammensaetning ifglge et hvilket som helst af kravene 1-9,

kendetegnet ved, at nitrogen- og fosformasseforholdet mellem baereren og
mikro-RNA’erne er mellem 8:1 og 1:8.

11. Den farmaceutiske sammensaetning ifglge et hvilket som helst af kravene 1-
10, kendetegnet ved, at baereren er et tre-komponentsystem af RGD-PEG-HKP,
hvor RGD og HKP er forbundet pa begge ender af PEG.

12. Den farmaceutiske sammensaetning ifglge et hvilket som helst af kravene 1-
11, kendetegnet ved, at en molkoncentration af mikro-RNA’erne ikke er mindre
end 1 nM.

13. Den farmaceutiske sammensaetning ifglge et hvilket som helst af kravene 1 -

12 til anvendelse til behandling af kolorektalkraeft.

14. Den farmaceutiske sammensaetning ifglge et hvilket som helst af kravene 1-
12 i synergi med et lavmolekylaert kemisk lzegemiddel eller et monoklonalt

antistof til anvendelse til behandling af kolorektalkraeft.



DK/EP 3388085 T3

DRAWINGS

- blyging CAS SBETA

Figure 1



W o5
4

J

Repeat branched chain 17-12

vepet 191

B oy MR S SR 2. YR e O W A R 1 R S SRR e i R 5 R i S <) ki

>

v_.m'_rv_rﬂ_nl'—rv'

7, a0 3 N & POV, TR SN S

DMFMethanol DMP wasking | 5o Foooi-Protestod s i1

N T 0 TR S B 1 SRR AR X B AR T YT, 7 R X B SRR . IR R

:

Fmoc-hioker- AM resin

DIMF gwelling. B
Fr—————— 239 piperdine DME

g e T ]

A AR P55 A LN PN NA

L

wiker-yeiny

il wasiang

- §. Faey Fndgrdastod spres Seubidng

Methomol wasling [ o5

(XN AN =X 2X XTI AN DT R AT

o RN 2 RS v IR BOIR ' AN Y IORRG N IR (6 S AN 0 WPRGL JE DN IS o SERY I Y IS W AN TN T A 5 BT XGOS i  RAN RT3 RS R 4 e ) 20RE xm

L wasg b astapiperidine TAME

Protecin] s seidea 208 -Linker-res |

AR S AN B NORN  eA

o . | ;ﬁﬁ@ @f%\ ‘ m %’}%{;g g%ﬁ‘%‘g@ ‘ ' %ﬁ

Ity USRI N AEFE O YR e BTN

Center eontrollonsone st

Methane] wisbing %

AR RGN A D R B AR A

i’ % ARG o U SRR AT A H ST BERE Y R Y SO SRR 53 R 0 g 1 A R ] BEer

- -~ AL LU M S S — 0 —. T)  — |  —F  — e  lw— 0 ~ - ~ P 4. ) T S— . 1L — 1 — b E— 0 —. T, E— . — 0 —.

NMFE w3 shi.ﬁg

Lys(18#) Lys Lys-Lmkerresin

DME Methanol/DME washung 5.0eq F'moc-Urotected amino acids(17%)

¥ H2.0eqHOBY S SegTIC DMFAS SegDIs
*

Center contral: Incansnc toat

Methunel wastmg. | %

B
¥

(Fiae-Protected amine acidsf17#) e-Lws-Lys-bys-Limker-resi

L:C-DC—(N -&-%-«-x-tx_t%:-«_c#_&_”_C!N-Ql

LY " -~ e — N w— " ~ - LY v \-+40 -. - IS . U W— S A—. F - a W A — . A—" A N—" NP —

| Fmoce-Froteercd ammo acida(l=¥F  ~Prateeted ammne acid~{1 787 4
-Lys-Lys-Lys-Lutker-resm

TRAMISMHE =82 W2 525

Filtering

[’ther, Precipitating

Filtering

ik
Dhiyving, Intermidate FLC test

i

v

{Fmoc-Protected amina acida(15)-Frotedied e acids(174 3} -Lys-Lys-Lys-NHL

Fard

Freparing chroematcpraplue purtticaticn

[
Center control TTPLC aa_ysis

v

1 Fnioc-Protected aming ands 1#)-Protected ammo asids{ 1751},

-Lws-Lys-Lys-INHZ, contont:=00%

DK/EP 3388085 T3



DK/EP 3388085 T3

ity
)

Ao o

Figure 3

f
TS
e

:
AT R
s

A0

3
e
> ..r».. -

-

Sanbo e ef LA

S5

Y
’
’
’

RNA

%

£ 1Ty

y and th

*

Vi

escent act

Uor

f

ween

cmergemyp

neeqe ey e

urve bet

c

wramtwes

The standarg

H
:
-

Amsyrssimeny mqmigs e

e segen,e men qe

oo g sgmey

IV AV suvL

=

concentration

AN AN W

t
F
£
'
f
)
:

A —

At W eIV AN AM BiwW A N da il

P = A NN KOS VMO AP r AN

LI A AR N CA AL A

L R e B LT e T R A L e S D L D P T L B T LA T T

CAMNALe NN Y,

SAATI AN s A LA I NI N WA A P,

SN AN PN I ENNT NS

EAE A LY aiy

<=

G L LA D ey

VAN CA L Ty oy o v vy DL A VAN AN O NV S O A dWA R < <

2000

371

4

+ 75

4

aw

= 3.347
g.‘?

¥

-t
b

e

~

WA

AR AR Y N Ve A e R AR AR A, A e

IV AR A A

SO

ﬁ.
5

3
PACIVA L YN St .><..§|..\5M VATAY. VA SV AVIV AV AN VA

P
o

%

cacan oty

VT

T IAOOINS

R R

<

POV

g

PO TV

A

AP Y

1000

[ wBu)

‘V

8

a3 EEVRATIWI Y

NN

)

AT

Oxy

N ATV ATV AR AN AN A TVARAT ARSI

N

NV

SAAANY AV ff.}»..)\..niss)m

s
LA
)

WWMW?MI*MMMW.’.IFW?‘I“YWIWNNWMMWMNWthI]!‘.IWW?

b

:
$
|
:
:
W
;
M
W

Dl

N('J[O’FMIXYI% el Py i

AP AN SOV 1 TN

\ MWWMWlMNMNWWWA‘Q‘NMM'IICI\YJVMJ.V\‘\YM’J{MVIMWIMI”.

A LLAAY T T IV Vet VAN VW 2 2Vd el

At

BODE HUIIUOY YN H I

Q.

100U

G
-
el
CH3

Gt

t

iz

rescen
cure J

1




Oh

E
4
3
<

€ EXLTeSS

1

4

50 relat

=

L]

R

>

B T T T T T P PR E R PR

4.50 -

& O o > A, b3 > e A L o P & WA LT DL DR T T BT D T DO T TR DR T T T T DR DA TR L DO DO RO TR TR A T DO T T D TR TR DO TR T D T T DR T D TR TR DT DR TR S T

TR PR P AT RN NPSYYRNPYPR PR

T LI PR PR P S [T AR A M Rt LI ST PP

‘.

HACR e m e e LT R v e A B e PR e L AR R e v e Kl e ML AL L A e e Rl v e i K YA

¥ d .

.4 0 NS

P vk e KAV A re

1.00 -+

0.50 -+
x* 2

25.00

20.0

1500

10.00

°

. % <fi‘ L—Wf*r&n’llw‘v\k“ Satloardd ot h N L dd MMM!&’ % g
23

PRAMMPALACAAPAPFPAPALP A ANPARLPLPF *ALALPAASIA MY ~e

~ AR PALA T ALPAPAPAF AL (A RLA AL RS

S8 |

O DN Kl N A & L e L Ol WA AN SASIALA RS

AL,

PR e ataANe

BRI A SANNIATM L IMA Il 3 B beabead beah s

'
‘Q
05 e ; ¢ i ;
b p ; o . *
W Al al A SN AN N 4 s N IV s X e

e 01
CTMP TPV SN NN A AN AW VRIS T Al A A
W e A P, O AV AV AT AN LAY cevan
. . i : s . . . e . :
B3 * 4 T oA * & 14 * .
3 * ’ : t Q 3 i. * 0
F 1 .
AN S BTN N M NI 2 T SR N DN A3 NI M A 0N AL b (0 N R LT TR D AR RN € N ¢ O M £ A B LA A N0 0 N A T T N I N 1m0 A T D S 0 T N O LN R €A VI S 1 I TR R N 1 N R M TR U T A € N ¢ 8 (3 L N LAY O N ¢ I 3 2 BN AR
\"
X
A
~
2
3¢ . :
¥ .. A -
-"'*ﬁm’wof«ﬁﬁ*c"““kaﬁ"'\("“y)‘f“\h ANV NS I N NN SN A T TR T AT ATV I VARG B e B B i A S i L ] ST LA
%
¥
P
E
v,
.
Sr PRV A AR 1AV IIA IV S A A A VARETE AW AT DL IIIAIN 10 AT E Ae, A 000 00 JalobSuerat ok Sy a8 o Bglen on o0e ool §o0a0ee,bo8 o0ae foy oubbe B desen slate o 0 100 te oy ou8ud Bofon ou o Be Bodad o0ate 8, 08 0ab e, ouhe als fou 00 0ads B o oo 0abafes oubolute o, ouf Fate foseubutatote o,8.0 BoBe 88 Be Bede, afate 0ed 8o te by oo abp 1p 0p Qebuetoetpl obyobuoho Qo e g0e0ad 5, 0, 0, 0uehoebonue oo uo e Qo Bafe Qo 0p 000, §a0ed Beled RAIMILNGSIAS AR 012 % 0200,
X

IR K MM LT T A R P e DS AL K
<

nh

E

e

SN

e

\1&1'(bMNh.\K’“YﬂKc\w«“}’M{mm)x:):x(x’N“Y.V.’JN”W)'}.'})‘Y”}")'J”Y.Y}’)NV“Q’J'}.‘}}.N'}.‘}*MV”J"”Y.YN.'JN”.'I’J.'JN'.Y”'}.'M);.Vﬁ..'}NY.)“").‘}Nk)’”}.‘l}.‘Y-Y”}’)NY.V’)’J.‘}NYV’”}.‘J)‘Y.Y”J\FNWI\FNY‘Y.'}.‘}N,‘f”)“.'”.)’”}'.NV‘X.’Q‘.D\“‘NK“\LVNMV\“*Kﬁ\‘\“‘VK\1\‘¥N“\'\“mu\;\“YAM\‘\\KK\:(‘N.*Ku RN S

M OmiRNAY HEP
100 p NA+HKP

A AD EN AN PN YL K E & O N N N A . FOTHETHNTL LT TP A A N LAY LA AR A3 B 4T 40 VI N L By A A AL VPR A PNV I AN A SO IR I S 1 L 1 NP A e AN O NN L AT

;
e
g

APONINE AP E AR VTN

Y

Qe

3
$ ¢ ¥

Iz

Y

PR

2 -\:»»iawv(:'.

5

DK/EP 3388085 T3



miRNA concentradion

(ng/ml, )

1000 -

1 s
2 o o)
P o P
PRI RN
Sy
K o
Sl
SR
. MRD 2 LA v &t
R

DK/EP 3388085 T3
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