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Mucosal treatment with gene regulatory peptides 4+5+6 
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MP12/2}0 high positive bone marrow cells 

% "immature" MP20high monocytes in bone marrow 

E] MP12-l20hi 
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COMPOSITIONS FOR MUCOSAL AND ORAL 
ADMINISTRATION COMPRISING HCG 

FRAGMENTS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional of co-pending US. 
patent application Ser. No. 11/243,438, ?led Oct. 4, 2005, 
US. Pat. No. 7,517,529 (Apr. 14, 2009), Which is a continu 
ation of PCT International Patent Appl’n No. PCT/EP2004/ 
003747, ?led onApr. 8, 2004, designating the United States of 
America, and published, in English, as PCT International 
Publication No. WO 2004/093897 on Nov. 4, 2004, Which 
International Application itself claims priority to EP 
03076028.4, ?led Apr. 8, 2003 With the European Patent 
O?ice (EPO), EP 03076029.2, ?led Apr. 8, 2003 With the 
EPO, of EP 03076027.6, ?led Apr. 8, 2003, With the EPO, of 
EP 030760268, ?led Apr. 8, 2003 With the EPO, of EP 
03076022.7 ?led Apr. 8, 2003 With the EPO, ofU.S. Ser. No. 
10/409,671, ?ledApr. 8, 2003, ofEP 03076021.9, ?ledApr. 8, 
2003 With the EPO, of EP 03076025 .0, ?ledApr. 8, 2003 With 
the EPO, of EP 03076024.3, ?led Apr. 8, 2003 With the EPO, 
of EP 03076030.0, ?led Apr. 8, 2003 With the EPO, of EP 
03076023.5, ?led Apr. 8, 2003 With the EPO, and of CN 
03131227.6, ?led Apr. 30, 2003 With the Chinese Patent 
O?ice, the contents of the entirety of each of Which are 
incorporated by this reference. 

TECHNICAL FIELD 

[0002] The invention relates generally to biotechnology 
and to the ?eld of immunology, more speci?cally to the ?eld 
of immune-mediated disorders such as allergies, auto-im 
mune disease, transplantation-related disease and other 
in?ammatory diseases. The invention in particular relates to 
the treatment of in?ammatory disease by administration of a 
pharmaceutical composition With a gene-regulatory peptide. 

BACKGROUND 

[0003] The immune system produces cytokines and other 
humoral and cellular factors to respond With an in?ammation 
to protect the host When threatened by noxious agents, micro 
bial invasion, or injury. In most cases, this complex defense 
network successfully restores normal homeostasis, but at 
other times the immunological or in?ammatory mediators 
may actually prove deleterious to the host. Some examples of 
immune disease and immune system-mediated injury have 
been extensively investigated including anaphylactic shock, 
autoimmune disease, and immune complex disorders. 
[0004] Recent advances in humoral and cellular immunol 
ogy, molecular biology and pathology have in?uenced cur 
rent thinking about auto-immunity being a component of 
immune-mediated in?ammatory disease. These advances 
have increased our understanding of the basic aspects of 
antibody, B-cell, and T-cell diversity, the generation of innate 
(effected by monocytes, macrophages, granulocytes, natural 
killer cells, mast cells, Y6 T-cells, complement, acute phase 
proteins, and such) and adaptive (T- and B-cells and antibod 
ies) or cellular and humoral immune responses and their 
interdependence, the mechanisms of (self)-tolerance induc 
tion and the means by Which immunological reactivity devel 
ops against auto-antigenic constituents. 
[0005] Since 1900, the central dogma of immunology has 
been that the immune system does not normally react to self. 
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HoWever, it has recently become apparent that auto-immune 
responses are not as rare as once thought and that not all 

auto-immune responses are harmful; some responses play a 
distinct role in mediating the immune response in general. For 
example, certain forms of auto-immune response such as 
recognition of cell surface antigens encoded by the major 
histocompatibility complex (MHC) and of anti-idiotypic 
responses against self idiotypes are important, indeed essen 
tial, for the diversi?cation and normal functioning of the 
intact immune system. 

[0006] Apparently, an intricate system of checks and bal 
ances is maintained betWeen various subsets of cells (i.e., 
T-cells) of the immune system, thereby providing the indi 
vidual With an immune system capable of coping With foreign 
invaders. In that sense, auto-immunity plays a regulating role 
in the immune system. 

[0007] HoWever, it is noW also recognized that an abnormal 
auto-immune response is sometimes a primary cause and at 
other times a secondary contributor to many human and ani 
mal diseases. Types of auto-immune disease frequently over 
lap, and more than one auto-immune disorder tends to occur 
in the same individual, especially in those With auto-immune 
endocrinopathies. Auto-immune syndromes may be medi 
ated With lymphoid hyperplasia, malignant lymphocytic or 
plasma cell proliferation and immunode?ciency disorders 
such as hypogammaglobulinaemia, selective Ig de?ciencies 
and complement component de?ciencies. 
[0008] Auto-immune diseases, such as systemic lupus 
erythematosus, diabetes, rheumatoid arthritis, post-partum 
thyroid dysfunction, auto-immune thrombocytopenia, to 
name a feW, are characterized by auto -immune in?ammatory 
responses, for example, directed against Widely distributed 
self-antigenic determinants, or directed against organ- or tis 
sue-speci?c antigens. Such disease may folloW abnormal 
immune responses against only one antigenic target, or 
against many self antigens. In many instances, it is not clear 
Whether auto -immune responses are directed against unmodi 
?ed self-antigens or self-antigens that have been modi?ed (or 
resemble) any of numerous agents such as viruses, bacterial 
antigens and haptenic groups. 
[0009] There is as yet no established unifying concept to 
explain the origin and pathogenesis of the various auto-im 
mune disorders. Studies in experimental animals support the 
notion that auto-immune diseases may result from a Wide 
spectrum of genetic and immunological abnormalities Which 
differ from one individual to another and may express them 
selves early or late in life depending on the presence or 
absence of many superimposed exogenous (viruses, bacteria) 
or endogenous (hormones, cytokines, abnormal genes) accel 
erating factors. HoWever, one common aspect of all these 
various diseases comes to the eye; all share an, at times mostly 
systemic, in?ammatory response. 
[0010] It is evident that similar checks and balances that 
keep primary auto-immune diseases at bay are also compro 
mised in other immune-mediated disorders, such as allergy 
(asthma), acute in?ammatory diseases such as sepsis or septic 
shock, chronic in?ammatory disease (i.e., rheumatic disease, 
Sjogrens syndrome, multiple sclerosis), transplantation-re 
lated in?ammatory responses (graft-versus-host-disease, 
post-transfusion thrombocytopenia), and many others 
Wherein the responsible antigens (at least initially) may not be 
self-antigens but Wherein the in?ammatory response is in 
principle not Wanted and detrimental to the individual. 
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[0011] As a particular example of an acute systemic in?am 
matory response, the sepsis/SIRS concept is here discussed. 
Sepsis is a syndrome in Which immune mediators, induced by, 
for example, microbial invasion, injury or through other fac 
tors, induce an acute state of in?ammation Which leads to 

abnormal homeostasis, organ damage and eventually to lethal 
shock. Sepsis refers to a systemic response to serious infec 
tion. Patients With sepsis usually manifest fever, tachycardia, 
tachypnea, leukocytosis, and a localiZed site of infection. 
Microbiologic cultures from blood or the infection site are 
frequently, though not invariably, positive. When this syn 
drome results in hypotension or multiple organ system failure 
(MOSF), the condition is called sepsis or septic shock. Ini 
tially, micro-organisms proliferate at a nidus of infection. The 
organisms may invade the bloodstream, resulting in positive 
blood cultures, or might groW locally and release a variety of 
substances into the bloodstream. Such substances, When of 
pathogenic nature are grouped into tWo basic categories: 
endotoxins and exotoxins. Endotoxins typically consist of 
structural components of the micro-organisms, such as 
teichoic acid antigens from staphylococci or endotoxins from 
gram-negative organisms like LPS). Exotoxins (e.g., toxic 
shock syndrome toxin-l, or staphylococcal enterotoxin A, B 
or C) are synthesiZed and directly released by the micro 
organisms. As suggested by their name, both of these types of 
bacterial toxins have pathogenic effects, stimulating the 
release of a large number of endogenous host-derived immu 
nological mediators from plasma protein precursors or cells 
(monocytes/macrophages, endothelial cells, neutrophils, 
T-cells, and others). Sepsis/ SIRS is an acute systemic in?am 
matory response to a variety of noxious insults (particularly 
insults of an infectious origin such as a bacterial infection, but 
also non-infectious insults are Well knoWn and often seen). 
The systemic in?ammatory response seen With sepsis/ SIRS is 
caused by immunological processes that are activated by a 
variety of immunological mediators such as cytokines, 
chemokines, nitric oxide, and other immune-mediating 
chemicals of the body. These immunological mediators are 
generally seen to cause the life-threatening systemic disease 
seen With sepsis/ SIRS. These immunological mediators are, 
on the one hand, required locally, for example, as effective 
antibacterial response, but are, in contrast, potentially toxic 
When secreted into the circulation. When secreted into the 
circulation, these mediators can cause, in an upWard spiral of 
cause and effect, the further systemic release of these media 
tors, in the end leading to severe disease, such as multiple 
organ failure and death. Crucial in?ammatory mediators are 
tumor necrosis factor-0t (TNF-ot), tissue groWth factor-[3 
(TGF-B), interferon y, interleukins (IL-1, IL-4, IL-5, IL-6, 
IL-lO, IL-l2, IL-23, IL-40, and many others), nitric oxide 
(NO), arachidonic acid metabolites and prostaglandins l and 
2 (PGEl and PGE2), and others. 
[0012] In essence, sepsis, or septicemia, relates to the pres 
ence in the blood of pathogenic microorganisms or their 
toxins in combination With a systemic in?ammatory disease 
associated With such presence. Central in the development of 
sepsis in a subject is an infection of a subject With a micro 
organism Which gives origin to the systemic release of immu 
nological mediators by its presence in the blood of an affected 
subject or by the presence of its toxins in the blood of the 
subject. Only When the presence gives rise to a disease that 
pertains to or affects the body as a Whole, a systemic disease, 
one speaks of sepsis. 
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[0013] The ?eld of sepsis is thus limited to those conditions 
that are characterized by the presence of microorganisms or 
their toxins in the blood of a subject and simultaneously to 
(respectively) the subject’s systemic response(s) to the micro 
organism or to a subj ect’s systemic response(s) toxins. Sepsis 
herein includes severe sepsis and septic shock, Whereby 
severe sepsis relates to sepsis accompanied With organ dys 
function and septic shock relates to sepsis accompanied With 
hypotension or perfusion abnormalities or both. SIRS relates 
to the type of severe systemic disease seen in cases of sepsis 
but also relates to systemic in?ammatory disease Wherein 
pathogenic microorganisms or their toxins are not present in 
the blood. 
[0014] Central in the development of SIRS in a subject is 
the presence and effects of immunological mediators that 
give rise to a disease that pertains to or affects the body as a 
Whole, a systemic disease. This systemic immunological 
response can be caused by a variety of clinical insults, such as 
trauma, burns and pancreatitis. Also, burn patients With or 
Without inhalation injury commonly exhibit a clinical picture 
produced by systemic in?ammation. The phrase “systemic” 
in?ammatory response syndrome (SIRS) has been intro 
duced to designate the signs and symptoms of patients suf 
fering from such a condition. SIRS has a continuum of sever 
ity ranging from the presence of tachycardia, tachypnea, fever 
and leukocytosis, to refractory hypotension and, in its most 
severe form, shock and multiple organ system dysfunction. In 
thermally injured patients, the most common causes of SIRS 
are the burn itself. Sepsis, SIRS With the presence of infection 
or bacteremia, is also a common occurrence. Pathological 
alterations of metabolic, cardiovascular, gastrointestinal, and 
coagulation systems occur as a result of the hyperactive 
immune system. Both cellular and humoral mechanisms are 
involved in these disease processes and have been extensively 
studied in various burn and sepsis models. The phrase sys 
temic in?ammatory response syndrome (SIRS) Was recom 
mended by the American College of Chest Physicians/Soci 
ety for Critical Care Medicine (ACCP/SCCM) consensus 
conference in 1992 to describe a systemic in?ammatory pro 
cess, independent of its cause. The proposal Was based on 
clinical and experimental results indicating that a variety of 
conditions, both infectious and noninfectious (i.e., burns, 
ischemia-reperfusion injury, multiple trauma, pancreatitis), 
induce a similar host response. TWo or more of the folloWing 
conditions must be ful?lled for the diagnosis of SIRS to be 
made: 
[0015] Body temperature >38° C. or <36o C.; 
[0016] Heart rate >90 beats/minute; 
[0017] Respiratory rate >20/minute or Paco2<32 mmHg; 
[0018] Leukocyte count >l2.000/ul, <4000/uL, or >l0% 
immature (band) forms. 
[0019] All of these pathophysiologic changes must occur as 
an acute alteration from baseline in the absence of other 
knoWn causes for them such as chemotherapy-induced neu 
tropenia and leukopenia. 
[0020] As a particular representative of a subacute or 
chronic systemic in?ammatory response, the clinical symp 
toms seen With an auto-immune in?ammatory disease such as 
diabetes are here discussed. The non-obese diabetic (NOD) 
mouse is a model for auto-immune disease, in this case insu 
lin-dependent diabetes mellitus (IDDM) Which main clinical 
feature is elevated blood glucose levels (hyperglycemia). The 
elevated blood glucose level is caused by auto-immune 
in?ammatory destruction of insulin-producing [3-cells in the 
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islets of Langerhans of the pancreas. This is accompanied by 
a massive cellular in?ltration surrounding and penetrating the 
islets (insulitis) composed of a heterogeneous mixture of 
CD4+ and CD8+ T-lymphocytes, B-lymphocytes, macroph 
ages and dendritic cells. Also in subacute and chronic in?am 
mation, crucial in?ammatory mediators are tumor necrosis 
factor-0t (TNF-ot), tissue groWth factor-[3 (TGF-[3, interferon 
y, interleukins (IL-1, IL-4, lL-5, lL-6, lL-lO, lL-l2, lL-23, 
lL-40), nitric oxide (NO), arachidonic acid metabolites and 
prostaglandins l and 2 (PGEl and PGE2), and others. 
[0021] The NOD mouse represents a model in Which a 
primary in?ammatory response mediated by in?ammatory 
mediators and directed against [3-cells is the primary event in 
the development of IDDM. When the NOD mouse is not yet 
diabetic, an in?ammation invariably directed at the [3-cells 
develops. Diabetogenesis is mediated through a multifacto 
rial interaction betWeen a unique MHC class II gene and 
multiple, unlinked, genetic loci, as in the human disease. 
Moreover, the NOD mouse demonstrates beautifully the criti 
cal interaction betWeen heredity and environment, and 
betWeen primary and secondary in?ammatory responses, its 
clinical manifestation, for example, depending on various 
external conditions, most importantly of the microorganism 
load of the environment in Which the NOD mouse is housed. 
During the diabetic phase, the in?ammatory responses in the 
mice (and humans suffering from established diabetes) are 
much more diverse, due to the vascular damage caused by the 
high glucose levels tissue damage results throughout the 
body, again in?ammatory mediators get released and second 
ary in?ammations ?ourish, resulting in in?ammation 
throughout Whole body, hoWever, With much more serious 
consequences to the patient than the earlier phase at ?rst sight 
seems to cause. 

[0022] As for auto-immunity demonstrable in NOD mice, 
most antigen-speci?c antibodies and T-cell responses Which 
are measured directed against various antigens Were detected 
as self-antigens in diabetic patients. Understanding the role 
these auto-antigens play in NOD diabetes alloWs to further 
distinguish betWeen an initial in?ammatory response 
directed at pathogenic auto-antigens leading to the diabetic 
phase per se and the secondary in?ammatory responses that 
are observed as an epiphenomenon. 

[0023] In general, T-lymphocytes play a pivotal role in ini 
tiating the immune-mediated disease process. CD4+ T-cells 
can be separated into at least tWo major subsets Th1 and Th2. 
Activated Th1 cells secrete lFN-y and TNF-ot, While Th2 cells 
produce lL-4, lL-5 and lL-lO. Th1 cells are critically involved 
in the generation of effective cellular immunity, Whereas Th2 
cells are instrumental in the generation of humoral and 
mucosal immunity and allergy, including the activation of 
eosinophils and mast cells and the production of IgE. A num 
ber of studies have noW correlated diabetes in mice and 
human With Thl phenotype development. On the other hand, 
Th2 T-cells are shoWn to be relatively innocuous. Some have 
even speculated that Th2 T-cells in fact, may be protective. It 
Was shoWn that the ability of CD4+ T-cells to transfer diabetes 
to nai've recipients resided not With the antigen speci?city 
recogniZed by the TCR per se, but With the phenotypic nature 
of the T-cell response. Strongly polarized Thl T-cells trans 
ferred disease into NOD neonatal mice, While Th2 T-cells did 
not, despite being activated and bearing the same TCR as the 
diabetogenic Thl T-cell population. Moreover, upon 
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co-transfer, Th2 T-cells could not ameliorate the Thl -induced 
diabetes, even When Th2 cells Were co-transferred in ten-fold 
excess. 

[0024] In summary, the crucial pathophysiologic event that 
precipitates acute as Well as systemic in?ammation is tissue 
damage after Which in?ammatory mediators, in particular 
cytokines, are released that initiate the in?ammatory process. 
This can occur as a result of the direct injury to tissues from 
mechanical or thermal trauma as Well as cellular injury 
induced by immunological or in?ammatory mediators such 
as seen after, for example, ischemia-reperfusion injury or 
during a microbial infection of the tissue. Cellular injury 
results in the acute release of proin?ammatory cytokines. If 
injury is severe, such as in extensive tissue damage, a pro 
found release of cytokines occurs, resulting in the induction 
of a systemic in?ammatory reaction. The ability of the host to 
adapt (acutely or chronically) to this systemic in?ammatory 
response is dependent on the magnitude of the response, the 
duration of the response, and the adaptive capacity of the ho st. 
[0025] The current invention relates to the body’s innate 
Way of modulation of important physiological processes and 
builds on insights reported in WO99/596l7, WO0l/7283l 
and PCT/NL02/00639. 
[0026] In these earlier applications, small gene-regulatory 
peptides are described that are present naturally in pregnant 
Women and are derived from proteolytic breakdown of pla 
cental gonadotropins such as human chorionic gonadotropin 
(hCG) produced during pregnancy. These peptides (in their 
active state often only at about 4 to 6 amino acids long) Were 
shoWn to have unsurpassed immunological activity that they 
exert by regulating expression of genes encoding in?amma 
tory mediators such as cytokines. Surprisingly, it Was found 
that breakdown of hCG provides a cascade of peptides that 
help maintain a pregnant Woman’s immunological homeo sta 
sis. These peptides are nature’s oWn substances that balance 
the immune system to assure that the mother stays immuno 
logically sound While her fetus does not get prematurely 
rejected during pregnancy but instead is safely carried 
through its time of birth. 
[0027] Where it Was generally thought that the smallest 
breakdoWn products of proteins have no speci?c biological 
function on their oWn (except to serve as antigen for the 
immune system), it noW emerges that the body in fact rou 
tinely utiliZes the normal process ofproteolytic breakdoWn of 
the proteins it produces to generate important gene-regula 
tory compounds, short peptides that control the expression of 
the body’s oWn genes. Apparently the body uses a gene 
control system ruled by small broken doWn products of the 
exact proteins that are encoded by its oWn genes. 
[0028] It is long knoWn that during pregnancy the maternal 
system introduces a status of temporary immuno-modulation 
Which results in suppression of maternal rejection responses 
directed against the fetus. Paradoxically, during pregnancy, 
often the mother’s resistance to infection is increased and she 
is found to be better protected against the clinical symptoms 
of various auto-immune diseases such as rheumatism and 
multiple sclerosis. The protection of the fetus can thus not be 
interpreted only as a result of immune suppression. Each of 
the above three applications have provided insights by Which 
the immunological balance betWeen protection of the mother 
and protection of the fetus can be understood. 
[0029] It Was shoWn that certain short breakdoWn products 
of hCG (i.e., short peptides Which can easily be synthesiZed, 
if needed modi?ed, and used as pharmaceutical composition) 



US 2010/0004172 A1 

exert a major regulatory activity on pro- or anti-in?ammatory 
cytokine cascades that are governed by a family of crucial 
transcription factors, the NFKB family Which stands central in 
regulating the expression of genes that shape the body’s 
immune response. 
[0030] Most of the hCG produced during pregnancy is pro 
duced by cells of the placenta, the exact organ Where cells and 
tissues of mother and child most intensely meet and Where 
immuno-modulation is most needed to ?ght off rejection. 
Being produced locally, the gene-regulatory peptides Which 
are broken doWn from hCG in the placenta immediately bal 
ance the pro- or anti-in?ammatory cytokine cascades found 
in the no-man’s land betWeen mother and child. Being pro 
duced by the typical placental cell, the trophoblast, the pep 
tides traverse extracellular space; enter cells of the immune 
system and exert their immuno -modulatory activity by modu 
lating NFKB-mediated expression of cytokine genes, thereby 
keeping the immunological responses in the placenta at bay. 

SUMMARY OF THE INVENTION 

[0031] It is herein postulated that the bene?cial effects seen 
on the occurrence and severity of auto-immune disease in the 
pregnant Woman result from an overspill of the hCG-derived 
peptides into the body as a Whole; hoWever, these effects must 
not be overestimated, as it is easily understood that the further 
aWay from the placenta, the less immuno-modulatory activity 
aimed at preventing rejection of the fetus Will be seen, if only 
because of a dilution of the placenta-produced peptides 
throughout the body as a Whole. However, the immuno 
modulatory and gene-regulatory activity of the peptides 
should by no means only be thought to occur during preg 
nancy and in the placenta; men and Women alike produce 
hCG, for example, in their pituitaries, and nature certainly 
utiliZes the gene-regulatory activities of peptides in a larger 
Whole. 
[0032] Consequently, a novel therapeutic inroad is pro 
vided, using the pharmaceutical potential of gene-regulatory 
peptides and derivatives thereof. Indeed, evidence of speci?c 
up- or doWn-regulation of NFKB driven pro- or anti-in?am 
matory cytokine cascades that are each, and in concert, direct 
ing the body’s immune response Was found in silico in gene 
arrays by expression pro?ling studies, in vitro after treatment 
of immune cells and in vivo in experimental animals treated 
With gene-regulatory peptides. Also, considering that NFKB 
is a primary effector of disease (A. S. BaldWin, J. Clin. Invest., 
2001, 107:3-6), using the hCG-derived gene-regulatory pep 
tides offer signi?cant potential for the treatment of a variety of 
human and animal diseases, thereby tapping the pharmaceu 
tical potential of the exact substances that help balance the 
mother’s immune system such that her pregnancy is safely 
maintained. 

BRIEF DESCRIPTION OF DRAWING 

[0033] FIG. 1. Mucosal treatment With gene-regulatory 
peptides 4+5+6 (experiment 3, LQGV+GVLPALPQ+VL 
PALP (SEQ ID NOS: 1, 23 and 4, respectively)) signi?cantly 
increased the percentage of immature MP20 high positive 
bone marroW cells. 

DETAILED DESCRIPTION OF THE INVENTION 

[0034] The invention provides the treatment of a subject 
suffering or believed to be suffering from disease by mucosal, 
preferably oral administration of a pharmaceutical composi 
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tion comprising a pharmacologically effective amount of a 
gene-regulatory peptide or functional analogue thereof 
together With a pharmaceutically acceptable diluent to the 
subject. A particularly useful pharmaceutically acceptable 
diluent is sterile Water or an isotonic salt solution such as 
0.9% saline or phosphate buffered salt (PBS). In a preferred 
embodiment, the invention provides the treatment of a subject 
suffering or believed to be suffering from disease by mucosal, 
preferably oral administration of a pharmaceutical composi 
tion comprising a pharmacologically effective amount of tWo 
or more gene-regulatory peptides or functional analogues 
thereof together With a pharmaceutically acceptable diluent 
to the subject. The administration dose of the gene-regulatory 
peptide may be varied over a fairly broad range. The concen 
trations of an active molecule Which can be administered 
Would be limited by ef?cacy at the loWer end and the solubil 
ity of the compound at the upper end. The optimal dose or 
doses for a particular patient should and can be determined by 
taking into consideration relevant factors such as the condi 
tion, Weight and age of the patient, and other considerations of 
the physician or medical specialist involved. 
[0035] The invention thus provides use of a regulatory pep 
tide pharmaceutical composition for mucosal, preferably oral 
application to a subject for generating a systemic modulation 
of the expression of a gene in a cell throughout the body of the 
subject. Useful examples of such a gene-regulatory peptide 
can be selected from the group of oligopeptides LQG, AQG, 
LQGV (SEQ ID NO:1), AQGV (SEQ ID NO:2), LQGA 
(SEQ ID NO:3), VLPALPQVVC (SEQ ID NO:21), VLPALP 
(SEQ ID NO:4), ALPALP (SEQ ID NO:5), VAPALP (SEQ 
ID NO:6), ALPALPQ (SEQ ID NO:7), VLPAAPQ (SEQ ID 
NO:8), VLPALAQ (SEQ ID NO:9), LAGV (SEQ ID NO: 10), 
VLAALP (SEQ ID NO:11), VLPALA (SEQ ID NO: 12), 
VLPALPQ (SEQ ID NO:13), VLAALPQ (SEQ ID NO: 14), 
VLPALPA (SEQ ID NO:15), GVLPALP (SEQ ID NO:16), 
GVLPALPQ (SEQ ID NO:23), LQGVLPALPQVVC (SEQ 
ID NO: 1 7), VVCNYRDVRFESIRLPGCPRGVNPV 
VSYAVALSCQCAL (SEQ ID NO:24), RPRCRPINAT 
LAVEK (amino acids 1-15 of SEQ ID NO:25), 
EGCPVCITVNTTICAGYCPT (amino acids 16-35 of SEQ 
ID NO:25), SKAPPPSLPSPSRLPGPS (SEQ ID NO:26), 
SIRLPGCPRGVNPVVS (SEQ ID NO:27), LPGCPRGVN 
PVVS (SEQ ID NO:18), LPGC (SEQ ID NO:19), MTRV 
(SEQ ID NO:20), MTR, VVC, QVVC (SEQ ID NO:29) and 
functional analogues or derivatives thereof. Functional ana 
logues can, for example, be found in urinary fractions derived 
from pregnant Women or in commercial preparations of hCG; 
at least in those commercial preparations that contain sub 
stantial amounts of breakdoWn products of hCG and have 
gene-regulatory activity, hoWever, a disadvantage of using 
such urinary fractions or even commercial hCG preparations 
lies in the fact that they may or not may contain (su?icient) 
quantities of the active compound, synthetic peptides are thus 
preferred. 
[0036] A preferred siZe of a gene-regulatory peptide for 
inclusion in a pharmaceutical composition according to the 
invention is at most 15 amino acids, although much smaller 
molecules have been shoWn to be particularly effective. Sur 
prisingly, the invention provides here the insight that gene 
expression can be modulated or regulated systemically by 
small peptides by applying them locally to the mucosae. Oral 
treatment is preferred, but mucosal treatment other than oral 
treatment is herein also provided. Preferred peptides are 
breakdoWn products of larger polypeptides such as chorionic 
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gonadotrophin (CG) and growth hormones or growth factors 
such as ?broblast growth factor, EGF, VEGF, RNA 3' termi 
nal phosphate cyclase and CAP18, or synthetic versions 
thereof. Preferred for oral treatment are peptides smaller then 
?ve amino acids, i.e., three or four amino acids long. In 
principle, such regulating peptide sequences can be derived 
from any protein of polypeptide molecule produced by 
prokaryotic and/or eukaryotic cells, and the invention pro 
vides the insight that breakdown products of polypeptides, 
preferably oligopeptides at about the siZes as provided herein 
that are naturally involved as gene-regulatory peptide in 
modulation of gene expression can be applied via the mucosa 
to generate a systemic effect. In particular, a (synthetic) gene 
regulatory peptide is provided obtainable or derivable from 
[3-human chorionic gonadotrophin ([3-hCG), preferably from 
nicked [3-HCG. It was thought before that breakdown prod 
ucts of [3 hCG were involved in immuno-modulation via 
regulation of gene expression (W099/5967l, W00l/7283l, 
PCT/NL02/00639) or in the treatment of wasting syndrome 
(W097/4972l) but a relationship with systemic modulation 
of gene expression, in particular via local application at or 
through the mucosa was not forwarded in these publications. 
Of course, such a gene-regulatory peptide, or functional 
equivalent or derivative thereof, is likely obtainable or deriv 
able from other proteins that are subject to breakdown or 
proteolysis and that are close to a gene-regulatory cascade. 
Preferably, the peptide signaling molecule is obtained from a 
peptide having at least 10 amino acids such as a peptide 
having an amino acid sequence MTRVLQGVLPALPQVVC 
(SEQ ID N0130), SIRLPGCPRGVNPVVS (SEQ ID 
N0127), VVCNYRDVRFESIRLPGCPRGVNPV 
VSYAVALSCQCAL (SEQ ID N0124), RPRCRPINAT 
LAVEKEGCPVCITVNTTICAGYCPT (SEQ ID N0125), 
CALCRRSTTDCGGPKDHPLTC (SEQ ID N013 l), SKAP 
PPSLPSPSRLPGPS (SEQ ID N0126), CRRSTTDCGGP 
KDHPLTC (SEQ ID N0132), TCDDPRFQDSSSSKAP 
PPSLPSPSRLPGPSDTPILPQ (SEQ ID N0133). 

EXAMPLES 

[0037] Not wishing to be bound by theory, it is postulated 
herein that an unexpected mode of gene regulation with far 
reaching consequences for the oral or mucosal treatment of 
disease has been uncovered. Polypeptides, such as endog 
enous CG, EGF, etc., but also polypeptides of pathogens such 
as viral, bacterial or protoZoal polypeptides, are subject to 
breakdown into distinct oligopeptides, for example, by intra 
cellular proteolysis. Distinct proteolytic enZymes are widely 
available in the cell, for example, in eukaryotes in the lyso 
somal or proteasomal system. Some of the resulting break 
down products are oligopeptides of 3 to 15, preferably 4 to 9, 
most preferably 4 to 6, amino acids long that are surprisingly 
not without any function or effect to the cell, but as demon 
strated herein may be involved, possibly via a feedback 
mechanism in the case of breakdown of endo genous polypep 
tides, as signaling molecules in the regulation of gene expres 
sion, as demonstrated herein by the regulation of the activity 
or translocation of a gene transcription factor such as NFKB 
by, for example, peptides LQGV (SEQ ID N011), 
VLPALPQVVC (SEQ ID N012l), LQGVLPALPQ (SEQ ID 
N01l7), LQG, GVLPALPQ (SEQ ID N0123), VLPALP 
(SEQ ID N014), VLPALPQ (SEQ ID N01l3), GVLPALP 
(SEQ ID N0: 16), VVC, MTRV (SEQ ID N0120), and MTR. 
Synthetic versions of these peptides as described above, and 
functional analogues or derivatives of these breakdown prod 
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ucts, are herein provided to modulate gene expression in a cell 
and be used in methods to rectify errors in gene expression or 
the mucosal or oral treatment of systemic disease. 0ligopep 
tides such as LQG, AQG, LQGV (SEQ ID N011), AQGV, 
LQGA (SEQ ID N013), VLPALP (SEQ ID N014), ALPALP 
(SEQ ID N015), VAPALP (SEQ ID N016), ALPALPQ (SEQ 
ID N017), VLPAAPQ (SEQ ID N018), VLPALAQ (SEQ ID 
N019), LAGV (SEQ ID N01 10),VLAALP (SEQ ID N011 l), 
VLPALA (SEQ ID N01l2), VLPALPQ (SEQ ID N01l3), 
VLAALPQ (SEQ ID N01l4), VLPALPA (SEQ ID N01l5), 
GVLPALP (SEQ ID N01l6), GVLPALPQ (SEQ ID N0123), 
LQGVLPALPQVVC (SEQ ID N01l7), SIRLPGCPRGVN 
PVVS (SEQ ID N0127), SKAPPPSLPSPSRLPGPS (SEQ 
ID N0126), LPGCPRGVNPVVS (SEQ ID N01l8), LPGC 
(SEQ ID N01l9), MTRV (SEQ ID N0120), MTR, VVC, or 
functional analogues or trimer or tetramer derivatives (in 
cluding breakdown products) of the longer sequences thereof, 
are particularly effective. In particular, preferred for oral 
administration are LQG, QVV, PALP (SEQ ID N0134), 
AQG, LAG, LQGV (SEQ ID N011), AQGV (SEQ ID N012), 
and LAGV (SEQ ID N01l0). 
[0038] In a preferred embodiment, the invention provides 
the treatment of a subject suffering or believed to be suffering 
from in?ammatory disease by mucosal, preferably oral 
administration of a pharmaceutical composition comprising a 
pharmacologically effective amount of a gene-regulatory 
peptide capable of regulating expression of genes encoding 
in?ammatory mediators such as cytokines. Useful gene-regu 
latory peptides for inclusion in a pharmaceutical application 
for mucosal administration for the treatment of disease, in 
particular in?ammatory disease, are those peptides that are 
present naturally in pregnant women and are derived from 
proteolytic breakdown of placental gonadotropins such as 
human chorionic gonadotropin (hCG) produced during preg 
nancy, however, synthetic variants and modi?cations of these 
peptides that have functional equivalent or analogue activity 
can be synthesiZed and tested for their activity easily by the 
person skilled in the art, using, for example, animal experi 
ments, such as experiments with NOD mice as explained 
herein. In another embodiment, the invention provides a phar 
maceutical composition for mucosal application comprising 
a gene-regulatory peptide or functional analogue thereof, and 
use of a gene-regulatory peptide or functional analogue 
thereof for the production of a pharmaceutical composition 
for mucosal application. Such a composition is most useful to 
apply to a mucosal surface area, the inner buccal surfaces and 
surfaces of the tongue, the surfaces of the (upper and lower) 
intestinal tract, the mucosal surfaces of the nose and (upper 
and lower) respiratory tract, and thereby, considering that in 
general the mucosal surfaces are permeable for most gene 
regulatory peptides that are smaller than nine, but preferably 
smaller than seven amino acids, such as three or four amino 
acids long, often affects more than only the area to which it is 
applied, and is most useful to treat the body systemically, i.e., 
as a whole, as well. 

[0039] The inventors have now unearthed an insight in the 
biology and physiology of the nature of regulatory factors in 
gene regulation in cellular organisms that allows for an unex 
pected fast progress in the identi?cation and development of 
an arti?cial or synthetic compound acting as a gene regulator 
and its use as new chemical entity for the production of a 
pharmaceutical composition for mucosal application or its 
use in the treatment of in?ammatory disease via the mucosal 
application of a gene-regulatory peptide. The insight is herein 
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provided that many of small peptides that are derivable by 
proteolytic breakdown of endogenous proteins of an organ 
ism, or that are derivable by proteolytic breakdown of pro 
teins of a pathogen, i.e., during the presence of the pathogen 
in a host organism, that exert an often very speci?c gene 
regulatory activity on cells of the organism can actually exert 
this activity even on a systemic level When administered via 
mucosal uptake, such as by oral use, rectal application, nasal 
spray, upper airWay aerosol application, and so on. In a par 
ticular embodiment, the present invention has major value for 
investigators in furthering the quality and quantity of knoWl 
edge regarding the systemic mechanisms controlling NFKB 
initiated gene expression and resulting in?ammatory 
responses in a subject by treatment of a subject With a phar 
maceutical composition for mucosal application, for 
example, by oral use. 
[0040] This insight Was gained in a tWo fold Way. In one 
experiment, designed to test the in?uence of mucosal uptake 
of gene-regulatory peptides, it Was shoWn that NFKB-doWn 
regulating peptides, instilled once daily in the buccal sac of 
non-diabetic NOD mice had an unexpected bene?cial in?u 
ence on the overall development of diabetes in these mice. 
The incidence of the development of the insulitis, the primary 
in?ammation in the pathogenesis of diabetes, Was severely 
reduced. In another experiment, already diabetic NOD mice 
Were given drinking Water With or Without NFKB-doWn-regu 
lating peptides, and also a bene?cial effect Was observed, the 
clinical consequences of the typical secondary and systemic 
in?ammation caused by the vascular damage Were remark 
ably less severe, Whereby the drinking Water therapy contrib 
uted to a much better physical appearance of the treated 
versus the untreated group. Similar results Were seen in mice 
treated mucosally or orally With a pharmaceutical composi 
tion comprising a functional analogue to a gene-regulatory 
peptide, a human chorionic gonadotropin (hCG) produced 
during pregnancy and proteolytic breakdoWn products 
thereof, hoWever, batch Wise differences in dose and effect 
Were observed, likely re?ecting batch Wise differences in 
concentration of the regulatory peptides involved. 
[0041] With these insights the invention provides among 
others a screening method for identifying or obtaining a gene 
regulatory peptide suitable for mucosal or oral application 
comprising a peptide or functional derivative or analogue 
thereof capable of modulating expression of a gene in a cell, 
be it in vitro or in vivo in an experimentally diseased animal 
such as a monkey or a small laboratory animal such as a rat or 

mouse, comprising providing the animal via a mucosal route 
With at least one peptide or derivative or analogue thereof and 
determining the clinical response of the animal to the treat 
ment or the expression of one or more genes in an animal or 

the activity and/or nuclear translocation of a gene transcrip 
tion factor. It is in particular useful When the peptide is 3 to 15 
amino acids long, more preferably, Wherein the peptide is 3 to 
9 amino acids long, most preferred Wherein the peptide is 3 or 
4 to 6 amino acids long. 

[0042] Functional derivative or analogue herein relates to 
the gene-regulatory effect or activity as, for example, can be 
measured by measuring the peptide’s or its analogue’s or 
derivative’s effect on gene expression or on nuclear translo 
cation of a relevant transcription factor, such as NFKB in an 
NFKB assay, or AP-l in anAP-l assay, or by another method 
as is available in the art. Fragments can be someWhat (i.e., one 
or tWo amino acids) smaller or larger on one or both sides, 
While still providing functional activity. 
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[0043] A screening method according to the invention is 
also provided Wherein the method further comprises deter 
mining Whether the gene transcription factor regulates the 
transcription of a cytokine as, for example, measured by 
detecting cytokine transcript levels or the actual presence as 
such in the treated cell or animal, or Wherein the gene tran 
scription factor comprises an NFKB/Rel protein, or by deter 
mining relative up-regulation and/or doWn-regulation of at 
least one gene of interest expressed in the animal or of a 
multitude of genes expressed in the animal, as easily can be 
done With gene chip technology. 
[0044] Of course, the invention aims at providing pharma 
ceutical compositions for mucosal application, such as oral 
use, that act as a signaling molecule useful in modulating 
expression of a gene in a cell and are identi?able or obtainable 
by employing a screening method according to the invention 
as provided herein. Useful signaling molecules are already 
provided herein as modulators of NFKB/Rel protein-medi 
ated gene-expression, as detailed further on. The invention 
also provides use of a signaling molecule as thus provided for 
the production of a pharmaceutical composition for the 
modulation of gene expression, for example, by inhibiting 
NFKB/ Rel protein activation, or its use for the production of 
a pharmaceutical composition for the treatment of a primate 
or domestic animal. 

[0045] That small peptides, and even breakdoWn products, 
can have biological activity, is already knoWn. Proteolytic 
breakdoWn products of endogenous or pathogen-derived pro 
teins are, for example, routinely generated by the proteasome 
system and presented in the context of class I or II major 
histocompatibility complex (MHC). Also, it has been recog 
niZed that classically knoWn neuropeptides (also knoWn as 
peptide neurotransmitters) or small peptide hormones, such 
as antidiuretic hormone, oxytocin, thyrotropin-releasing hor 
mone, gonadotropin-releasing hormone, somatostatins gas 
trin, cholecystokinin, substance-P, enkephalins, neurotensin, 
angiotensins, and derivatives or equivalents thereof have dis 
tinct biological activity Which is, in general, mediated by 
cell-surface receptor interaction. Furthermore, it is noW 
knoWn that certain small and arginine- or lysine- or proline 
rich peptides, i.e., having more than 50% of arginine, or 50% 
of lysine or 50% of proline, or having more than 50% arginine 
and lysine, or more than 50% arginine and proline, or more 
than 50% lysine and proline, or more than 50% arginine and 
lysine and proline residues, have distinct membrane-perme 
ation properties that may result in biological activity. The 
gene-regulatory peptides as used herein are other than the 
classically knoWn neuropeptides or peptide hormones, and 
other than the above identi?ed arginine- or lysine- or proline 
rich peptides. 
[0046] The present invention relates to small peptides suit 
able for mucosal application to treat disease systemically, in 
that the mucosal application has a systemic effect on a disease 
or condition in a subject treated via mucosal application With 
such a small peptide. Mucosal use and systemic effect of the 
gene-regulatory peptides is surprising. It is preferred that the 
peptides of the invention are small. A most preferred siZe is 4 
to 6 amino acids, peptides of 2 to 3 amino acids are also very 
Well feasible, a siZe of 7 to 15 amino acids is also feasible but 
becomes less practical for mucosal application and peptides 
from 10 to 15 amino acids or larger are preferably broken 
doWn to smaller, functionally more active, fragments. 
[0047] As said, the invention provides the insight that small 
peptides that are derivable or obtainable by proteolytic break 
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doWn of endogenous proteins of an organism, or that are 
derivable or obtainable by proteolytic breakdown of proteins 
of a pathogen, i.e., during the presence of the pathogen in a 
host organism, can exert an often very speci?c and systemic 
gene-regulatory activity on cells throughout the body of the 
organism, even after they have been applied only to a mucosal 
surface of the organism. This insight produces an immediate 
incentive for systematic approaches to practice or execute a 
method as provided herein to identify a signaling molecule, 
by obtaining information about the capacity or tendency of a 
small (oligo)peptide, or a modi?cation or derivative thereof, 
(herein jointly called lead peptide) to systemically regulate 
expression of a gene after mucosal application and provides 
an incentive to try and test the chances of intradermal, trans 
dermal, or hypodermal application. 
[0048] The gene-regulatory peptide can be administered 
and introduced in-vivo preferably via any mucosal route, and 
possibly via passage through the skin. The peptide, or its 
modi?cation or derivative, can be administered as the entity 
as such or as a pharmaceutically acceptable acid- or base 
addition salt, formed by reaction With an inorganic acid (such 
as hydrochloric acid, hydrobromic acid, perchloric acid, 
nitric acid, thiocyanic acid, sulfuric acid, and phosphoric 
acid); or With an organic acid (such as formic acid, acetic acid, 
propionic acid, glycolic acid, lactic acid, pyruvic acid, oxalic 
acid, malonic acid, succinic acid, maleic acid, and fumaric 
acid); or by reaction With an inorganic base (such as sodium 
hydroxide, ammonium hydroxide, potassium hydroxide); or 
With an organic base (such as mono-, di-, trialkyl and aryl 
amines and substituted ethanolamines). A selected peptide 
and any of the derived entities may also be conjugated to 
DMSO, translocating peptides, sugars, lipids, other polypep 
tides, nucleic acids and PNA; and function in-situ as a con 
jugate or be released locally after reaching a targeted tissue or 
organ. 

[0049] The invention also provides a pharmaceutical com 
position for the treatment of a subject suffering from a disease 
or disorder, the pharmaceutical composition comprising a 
pharmacologically effective amount of a gene-regulatory 
peptide together With a pharmaceutically acceptable diluent. 
In particular, the invention provides a pharmaceutical com 
position for mucosal application comprising a gene-regula 
tory peptide or functional analogue thereof, and use of a 
gene-regulatory peptide or functional analogue thereof for 
the production of a pharmaceutical composition for mucosal 
application. In a preferred embodiment, the invention pro 
vides a pharmaceutical composition for mucosal application 
comprising tWo or more gene-regulatory peptides or func 
tional analogues thereof, and use of tWo or more gene-regu 
latory peptides or functional analogues thereof for the pro 
duction of a pharmaceutical composition for mucosal 
application. 
[0050] In one embodiment, it is preferred that the pharma 
ceutical composition is in a form suitable for mucosal admin 
istration. In a much preferred embodiment, the form for 
mucosal administration is selected from the group consisting 
of sprays, liquids and gels, preferably With a Watery base. In 
a much preferred embodiment, the invention provides a phar 
maceutical composition for the treatment of a subject suffer 
ing from a disease or disorder, the pharmaceutical composi 
tion comprising a pharmacologically effective amount of a 
gene-regulatory peptide together With a pharmaceutically 
acceptable diluent Wherein the pharmaceutical composition 
is in a form suitable for oral administration. It is preferred that 
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the form for oral administration is selected from the group 
consisting of capsules, tablets, liquids, oral suspensions, 
emulsions and poWders. 
[0051] Although the gene-regulatory peptide may be pre 
pared by other methods knoWn for the preparation of analo 
gous compounds (e.g., by use of a solid phase synthesis), a 
method of making the gene-regulatory peptide is described in 
the detailed description herein. During the process of prepa 
ration, solvents such as N,N-dimethylformamide (DMF), 
1-butanol, 2-butanol, ethanol, methanol, ethyl acetate, meth 
ylene chloride, hexane, diethyl ether, Water, acetic acid, and 
others may be used. Catalysts containing palladium or molyb 
denum may also be used in the preparation of the gene 
regulatory peptide. 
[0052] HoWever made, the gene-regulatory peptide forms 
pharmacologically acceptable salts from pharmacologically 
acceptable organic and inorganic acids such as hydrochloric, 
hydrobromic, fumaric, phosphoric, ascorbic, tartaric, citric, 
lactic, maleic, palmitic, and other Well-knoWn acids. Espe 
cially preferred are the hydrochloric and acetic acid salts. The 
acid addition salts are obtained by reacting the gene-regula 
tory peptide With the acid. 
[0053] Methods of crystalliZing compounds are described 
in Chase et al., Remington ’s Pharmaceutical Sciences (16th 
ed., Mack Publishing Co., Easton. PA, U.S.A., 1980) (“Rem 
ington’s”), at page 1535. 
[0054] A crystalline gene-regulatory peptide can be used to 
make numerous dosage forms such as poWders for insuf?a 
tions, poWders for reconstitution, tablet triturates (e.g., dis 
pensing tablets and hypodermic tablets), other tablets, and so 
forth. 
[0055] The pharmaceutical compositions containing the 
crystalline gene-regulatory peptide are preferably dispensed 
in unit dosage forms, such as tablets, capsules, pills, poWders, 
granules, suppositories, sterile parenteral solutions or suspen 
sions and non-parenteral solutions or suspensions, containing 
suitable quantities of the pharmaceutically acceptable salt of 
the gene-regulatory peptide. 
[0056] Methods and compositions for making such dosage 
forms are Well-knoWn to those skilled in the art. For example, 
methods of making poWders and their compositions are 
described at pages 1535 through 1552 of Remington’s. Insuf 
?ations are described at page 1552, and insu?lators are 
described at 1792. Methods and compositions for making 
tablets and pills, containing active ingredients, are described 
in Remington’s, at pages 1553 through 1584. Methods of 
coating pharmaceutical dosage forms and making prolonged 
release pharmaceuticals are described at pages 1585-1613 of 
Remington’s. The contents of these pages are hereby incor 
porated by this reference. 
[0057] The crystalline gene-regulatory peptide may also be 
incorporated into devices intended for implantation into a 
patient. Such devices, polymers intended for use therein, and 
methods of making both are described in Us. Pat. Nos. 
3,773,919, 4,767,628, and 4,675,189. For example, a suf? 
cient quantity of the crystalline gene-regulatory peptide could 
be incorporated into a PLAGA implant to alloW for the release 
of gene-regulatory peptide (e.g., 5 mg per day for one month) 
into the patient’s body. 
[0058] One advantage With pharmaceutical compositions 
containing the crystalline versus the amorphous product, is 
that the pharmaceutical composition containing the crystal 
line salt product, having tWice the bioavailability of the amor 
phous product, may need only contain half the absolute 
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amount of the active ingredient on certain mucosa thus 
decreasing the amount of ingredient needed to be insuf?ated 
or otherWise administered and decreasing the ultimate cost of 
the composition. Such mucosa Would include the nasal and 
the buccal mucosa. 

[0059] Although the pharmaceutical compositions contain 
ing the crystalline gene-regulatory peptide may be formu 
lated With adjuvants such as solubiliZers, they need not be. 
The ability to use solely the crystalline gene-regulatory pep 
tide (i.e., the crystalline acid addition salt of the gene-regu 
latory peptide) in a pharmaceutical composition to be applied 
to, for example, a nasal mucosa has advantages. For one thing, 
certain adjuvants are not suitable for chronic administration. 
However, long term administration may be necessary for the 
particular person ingesting the gene-regulatory peptide. 
Another advantage is that the adj uvants necessarily take up a 
portion of the pharmaceutical composition, Which portion 
may be better suited for the gene-regulatory peptide in order 
to decrease mucosal discomfort. 

[0060] HoWever if it is desired, suitable solubiliZers, buff 
ers, sWelling agents, etc. may be used in such formulations. 
Buffering agents are preferably those Which keep the gene 
regulatory peptide in its unioniZed form. 
[0061] The dosage of the crystalline acid addition salt/ 
gene-regulatory peptide administered Will generally be 
dependent upon the kind of disorder to be treated, the type of 
patient involved, his age, health, Weight, kind of concurrent 
treatment, if any, and length and frequency of treatment. 
[0062] The dosage forms Will be administered over varying 
durations. To treat a disorder, the compounds are adminis 
tered to a patient for a length of time suf?cient to alleviate the 
symptoms associated With the disorders that the patient is 
suffering from. This time Will vary, but periods of time 
exceeding tWo months are especially preferred. After the 
symptoms have been alleviated, the compound may then be 
discontinued to determine Whether it is still required by the 
particular patient. 
[0063] To prevent the occurrence of in?ammatory disease, 
and thus alleviate the need for treatment, the compounds are 
administered to a person believed to be susceptible to suffer 
ing from in?ammatory disease some time in the future (e.g., 
patients undergoing treatment With cytotoxic drugs such as 
vincristine; diabetics; alcoholics; etc.) for so long as he or she 
is believed susceptible. The length of such prophylactic 
administration of the compounds Will of course vary, but 
again, periods of time exceeding tWo months are preferred. If 
the reason for the supposed susceptibility to an in?ammatory 
disease has ceased to exist, the compound may then be dis 
continued. If, hoWever, the reason for the disorder has not 
ceased to exist (e.g., in the case of diabetes) the compound 
may be needed to be administered for the person’s lifetime. 
[0064] Illustratively, dosage levels of the administered 
active ingredients can be (intranasally): betWeen 0.55 mg and 
270 mg per day. In human therapy, daily doses of betWeen 8 
mg and 120 mg, administered orally, Will preferably be used. 
[0065] The invention provides a pharmaceutical composi 
tion for oral application comprising a gene-regulatory peptide 
or functional analogue thereof, and use of a gene-regulatory 
peptide or functional analogue thereof for the production of a 
pharmaceutical composition for oral application. In a pre 
ferred embodiment, the invention provides a pharmaceutical 
composition for oral application comprising tWo or more 
gene-regulatory peptides or functional analogues thereof, and 
use of tWo or more gene-regulatory peptides or functional 
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analogues thereof for the production of a pharmaceutical 
composition for oral application. 
[0066] The gene-regulatory peptide(s) is (are) incorporated 
into dosage units for oral administration. The term “dosage 
unit” generally refers to physically discrete units suitable as 
unitary dosages for humans or animals, each containing a 
predetermined quantity of active material (e.g., gene-regula 
tory peptide) calculated to produce the desired effect. Meth 
ods and compositions for making such dosage units are Well 
knoWn to those skilled in the art. For example, methods and 
compositions for making tablets and pills, containing active 
ingredients, are described in the standard reference, Chase et 
al., Reminglon’s Pharmaceutical Sciences (16th ed., Mack 
Publishing Co., Easton, Pa., U.S.A., 1980) (“Remington’s”), 
at pages 1553 to 1584. Methods of making poWders, and their 
composition are described at pages 1535 to 1552 of the ref 
erence. Methods of coating pharmaceutical dosage forms are 
described at pages 1585 to 1593 of Remington’s. 
[0067] For making dosage units, e.g., tablets, the use of 
conventional additives, e.g., ?llers, colorants, polymeric 
binders and the like is contemplated. In general any pharma 
ceutically acceptable additive Which does not interfere With 
the function of the active compounds can be used in the one or 
more of the compositions. 
[0068] Suitable carriers With Which the compositions can 
be administered include lactose, starch, cellulose derivatives 
and the like used in suitable amounts. Lactose is a preferred 
carrier. Mixtures of carriers can also be used. 
[0069] A process of manufacturing the pharmaceutical 
composition for oral use involves mixing predetermined 
quantities of peptide With predetermined quantities carrier 
and converting the mixture into the ?rst dosage units (e. g., by 
?lling capsules or molding tablets With the mixture and any 
desired excipients) 
[0070] A preferred process of manufacturing the gene 
regulatory product according to the invention involves incor 
porating the desired dosages of gene-regulatory peptide into 
a tablet by knoWn techniques. Tablets or other dosage units 
containing different amounts and types of gene-regulatory 
peptides may be of different colors, and kept in different 
portions of, for example, a blister pack. 
[0071] In another embodiment, the invention provides a 
pharmaceutical composition for rectal application, such as a 
suppository comprising a gene-regulatory peptide or func 
tional analogue thereof, and use of a gene-regulatory peptide 
or functional analogue thereof for the production of a phar 
maceutical composition for rectal application. 
[0072] In another embodiment, the invention provides a 
pharmaceutical composition for sub- or transdermal applica 
tion comprising a gene-regulatory peptide or functional ana 
logue thereof, and use of a gene-regulatory peptide or func 
tional analogue thereof for the production of a 
pharmaceutical composition for sub- or transdermal applica 
tion. 
[0073] A pharmaceutical composition for mucosal applica 
tion or application via the skin as provided herein is particu 
larly useful for the modulation of gene expression by inhib 
iting NFKB/ Rel protein-mediated cytokine activation. 
[0074] NFKB/Rel proteins are a group of structurally 
related and evolutionarily conserved proteins (Rel). Well 
knoWn are c-Rel, RelA (p65), RelB, NFKBI (p50 and its 
precursor p105), and NFKBZ (p52 and its precursor p100). 
Most NFKB dimers are activators of transcription; p50/p50 
and p52/p52 homodimers repress the transcription of their 
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target genes. All NFKB/Rel proteins share a highly conserved 
NH2-terminal Rel homology domain (RHD). RHD is respon 
sible for DNA binding, dimeriZation, and association With 
inhibitory proteins knoWn as IKBS. In resting cells, NFKB/ 
Rel dimers are bound to IKBS and retained in an inactive form 
in the cytoplasm. IKBS are members of a multigene family 
(IKBot; IKBB, IKBY, IKBepsilon, Bcl-3, and the precursor 
Rel-proteins, p100 and p105. Presence of multiple copies of 
ankyrin repeats interact With NFKB via the RHD (protein 
protein interaction. Upon appropriate stimulation, IKB is 
phosphorylated by IKB Kinase (IKKs), polyubiquitinated by 
ubiquitin ligase complex, and degraded by the 26S proteo 
some. NFKB is released and translocates into nucleus to ini 
tiate gene expression. 
[0075] NFKB regulation of gene expression includes innate 
immune responses: such as regulated by cytokines IL-l, IL-2, 
IL-6, IL-l2, TNF-ot, LT-ot, LT-[3, GM-CSF; expression of 
adhesion molecules (ICAM, VCAM, endothelial leukocyte 
adhesion molecule [ELAM]), acute phase proteins (SAA), 
inducible enZymes (iNOS and COX-2) and antimicrobial 
peptides ([3-defensins). For adaptive immunity, MHC pro 
teins IL-2, IL-l2 and IFN-ot are regulated by NFKB. Regula 
tion of overall immune response includes the regulation of 
genes critical for regulation of apoptosis (c-IAP-l and c-IAP 
2, Pas Ligand, c-myc, p53 and cyclin D1). 
[0076] Considering that NFKB and related transcription 
factors are cardinal pro-in?ammatory transcription factors, 
and considering that the invention provides a gene-regulatory 
peptide and functional analogue or derivative suitable for 
mucosal application that is capable of systemically inhibiting 
NFKB and likely also other pro-in?ammatory transcription 
factors, herein also called NFKB inhibitors, the invention 
provides a method and pharmaceutical composition for sys 
temically modulating NFKB activated gene expression, in 
particular for inhibiting the expression and thus inhibiting a 
central pro-in?ammatory pathWay. In a preferred embodi 
ment, the gene-regulatory peptide is administered orally, to 
exert its activity systemically, beyond the mucosal surface to 
Which it is applied. 
[0077] The consequence of this potency to inhibit this pro 
in?ammatory pathWay systemically via a mucosal, such as an 
oral application, is Wide and far-reaching. 
[0078] For one, a novel therapeutic inroad is providedusing 
the pharmaceutical potential of gene-regulatory peptides and 
derivatives applied mucosally or orally for generating a sys 
temic response directed at modulating NFKB-mediated dis 
ease. Earlier, We presented evidence of speci?c up- or doWn 
regulation of NFKB driven pro- or anti-in?ammatory 
cytokine cascades that are each, and in concert, directing the 
body’s immune response Was found in silico in gene-arrays 
by expression pro?ling studies, in vitro after treatment of 
immune cells and in vivo in experimental animals treated 
With gene-regulatory peptides. Also, considering that NFKB 
is a primary effector of disease, using the hCG-derived gene 
regulatory peptides via an oral or otherWise mucosal applica 
tion offers signi?cant potential for the treatment of a variety 
of human and animal diseases, thereby tapping the systemic 
pharmaceutical potential of the exact substances that help 
balance the mother’s immune system such that her pregnancy 
is safely maintained by applying a gene-regulatory peptide 
mucosally, preferably orally. 
[0079] Examples of NFKB-modulated disease are foremost 
found among the earlier discussed in?ammatory conditions. 
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[0080] Conditions that can be treated orally With a pharma 
ceutical composition as provided herein preferably include 
subacute or chronic in?ammatory disease, such as diabetes 
type I or II, rheumatic disease, Sjogrens syndrome, multiple 
sclerosis), transplantation-related immune responses such as 
graft-versus-host-disease, post-transfusion thrombocytope 
nia, sub-acute and chronic transplant rejection, pre-eclamp 
sia, rheumatoid arthritis, in?ammatory boWel disease, the 
in?ammatory component of neurological or psychiatric dis 
orders, atherosclerosis, asthma, allergy and chronic auto-im 
mune disease. Especially the oral treatment of systemic 
autoimmune disease Will be very helpful in the treatment of 
patients With chronic, immune-mediated in?ammation, as is 
the case in autoimmune disease. A non-limiting list of thus 
treatable autoimmune diseases includes: Hashimoto’s thy 
roditis, primary mysxoedema thyrotoxicosis, pernicious ane 
mia, autoimmune atrophic gastritis, Addison’s disease, pre 
mature menopause, insulin-dependent diabetes mellitus, 
stiff-man syndrome, Goodpasture’s syndrome, myasthenia 
gravis, male infertility, pemphigus vulgaris, pemphigoid, 
sympathetic ophthalmia, phacogenic uveitis, multiple sclero 
sis, autoimmune hemolytic anemia, idiopathic thrombocy 
topenic purpura, idiopathic leucopenia, primary biliary cir 
rhosis, active chronic hepatitis, cryptogenic cirrhosis, 
ulcerative colitis, Sjogren’s syndrome, rheumatoid arthritis, 
dermatomyositis, polymyositis, scleroderma, mixed connec 
tive tissue disease, discoid lupus erythematosus, and systemic 
lupus erythematosus. 
[0081] The invention thus also relates to the treatment of 
the in?ammatory component of neurological disorders or so 
called neuroimmune disorders such as schizophrenia, manic 
depression and other bipolar disorders, post-partum psycho 
sis and autism. The invention provides a method for modu 
lating a neurological disorder in a subject comprising provid 
ing the subject With a gene-regulatory peptide or functional 
analogue thereof. The invention also provides use of an NFKB 
doWn-regulating peptide or functional analogue thereof for 
the production of a pharmaceutical composition for the treat 
ment of a neurological disorder. 

[0082] The invention provides a method for modulating a 
neurological disorder in a subject comprising providing the 
subject orally With a gene-regulatory peptide or functional 
analogue thereof, in particular Wherein the regulatory peptide 
doWn-regulates translocation and/or activity of a gene tran 
scription factor, such as an NFKB/Rel protein. Preferred pep 
tides for modulating a neurological disorder by oral treatment 
are LQG, QVV, PALP (SEQ ID NOz34), AQG, LAG, LQGV 
(SEQ ID NO:1),AQGV (SEQ ID N012), or LAGV (SEQ ID 
NOzlO). The peptides are also useful for the production of a 
pharmaceutical composition for the treatment of a neurologi 
cal disorder, especially Wherein the peptide or analogue is 
selected from the group of peptides analogues having NFKB 
doWn-regulating activity in LPS-stimulated RAW264.7 cells 
or in LPS-unstimulated RAW264.7 cells. 

[0083] The invention also relates to the oral treatment of 
multiple sclerosis, and in particular to the treatment of the 
in?ammatory injury seen in the progressive stages in the 
disease such as seen With the recurrent upsurges of acute 
disease, classically knoWn as relapses or exacerbations herein 
identi?ed as relapsing/remitting disease seen in multiple scle 
rosis. The invention provides a method for modulating relaps 
ing/remitting disease as seen With multiple sclerosis in a 
subject comprising providing the subject orally With a gene 
regulatory peptide or functional analogue thereof. 
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[0084] The invention in particular provides a method for 
modulating relapsing/remitting disease as seen in multiple 
sclerosis in a subject comprising orally providing the subject 
With a gene-regulatory peptide or functional analogue 
thereof, in particular Wherein the gene-regulatory peptide 
doWn-regulates translocation and/or activity of a gene tran 
scription factor, preferably Wherein the gene transcription 
factor comprises an NFKB/ Rel protein of Which translocation 
and/ or activity is inhibited. It is preferred to orally administer 
such a peptide, preferably selected from the group of LQG, 
QVV, PALP (SEQ ID N0134), AQG, LAG, LQGV (SEQ ID 
N011), AQGV (SEQ ID N012), LAGV (SEQ ID N01l0), 
When the subject is presenting clinical signs of exacerbations. 
[0085] The invention also provides use of such an NFKB 
doWn-regulating peptide or functional analogue thereof for 
the production of a pharmaceutical composition for the treat 
ment of relapsing/remitting disease as seen With multiple 
sclerosis. 

[0086] The invention, thus, also relates to the treatment of 
diabetes. The invention provides a method for modulating 
diabetes in a subject comprising providing the subject orally 
With a gene-regulatory peptide or functional analogue 
thereof. The invention also provides use of an NFKB doWn 
regulating peptide or functional analogue thereof for the pro 
duction of a pharmaceutical composition for the oral treat 
ment of diabetes. 

[0087] The invention provides a method for modulating 
diabetes in a subject comprising providing the subject orally 
With a gene-regulatory peptide or functional analogue 
thereof, in particular Wherein the regulatory peptide doWn 
regulates translocation and/or activity of a gene transcription 
factor, such as an NFKB/Rel protein. Preferred peptides for 
modulating diabetes by oral treatment are LQG, QVV, PALP 
(SEQ ID N0134), AQG, LAG, LQGV (SEQ ID N011), 
AQGV (SEQ ID N012), or LAGV (SEQ ID N01l0). The 
peptides are also useful for the production of a pharmaceuti 
cal composition for the treatment of diabetes by oral admin 
istration, especially Wherein the peptide or analogue is 
selected from the group of peptides analogues having NFKB 
doWn-regulating activity in LPS-stimulated RAW264.7 cells 
or in LPS-unstimulated RAW264.7 cells. 

[0088] The invention also provides a method of treatment 
of a menopausal condition or a post-menopausal condition, 
such as osteoporosis, comprising oral or mucosal treatment 
With a gene-regulatory peptide according to the invention 
alloWing systemic modulation and inhibition of osteoclast 
differentiation and inhibiting TNF-ot-induced apoptosis of 
osteoblasts, thereby limiting the dissolve of bone structures, 
otherWise so prominent in post-menopausal Women that have 
no longer a natural source of hCG and thus lack the modula 
tory effect of the signal molecules that are derived of hCG as 
shoWn herein. The invention thus also provides a method of 
mucosal or oral treatment of a bone disease, such as 
osteoporosis (Which is often, but not exclusively, seen With 
post-menopausal Women). Furthermore, N0 and TNF-ot 
modulators as provided herein inhibit the in?ammatory 
response and bone loss in periodontitis. Furthermore, consid 
ering that there is a correlation betWeen TNF-ot activity and 
severity of clinical manifestations in ankylosing spondylitis, 
the invention provides the treatment of spondylitis by use of 
a gene-regulatory peptide as provided herein. Preferred pep 
tides for modulating a menopausal, post-menopausal or 
osteoporosis condition by oral treatment are QVV, PALP 
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(SEQ ID N0134), AQG, LAG, LQGV (SEQ ID N011), 
AQGV (SEQ ID N012), or LAGV (SEQ ID N01l0). 
[0089] The invention also relates to the oral or mucosal 
treatment of an ischemic event such as a stroke or myocardial 
infarction. 
[0090] An ischemic event refers to an event in Which the 
blood supply to a tissue is obstructed. Due to this obstruction, 
the endothelial tissue lining the affected blood vessels 
becomes “sticky” and begins to attract circulating White 
blood cells. The White cells bound to the endothelium even 
tually migrate into the affected tissue, causing signi?cant 
tissue destruction. Although neither acute myocardial infarc 
tion nor stroke is directly caused by in?ammation, much of 
the underlying pathology and the damage that occurs after an 
acute ischemic event are caused by acute in?ammatory 
responses during reperfusion, the restoration of blood ?oW to 
the affected organ. Early restitution of blood ?oW to ischemic 
tissues is essential to halt the progression of cellular injury 
associated With decrease of oxygen supply and nutrient deliv 
ery. This fact provides the basis for the traditional vieW that 
minimiZing ischemic time is the only important intervention 
for diminishing the extent of ischemic injury. HoWever, it is 
noW Well recogniZed that reperfusion of ischemic tissues 
initiates a complex series of reactions that can paradoxically 
injure tissues. Although several mechanisms have been pro 
posed to explain the pathogenesis of ischemiaireperfusion 
injury, most attention has focused on a role for reactive oxy 
gen and nitrogen metabolites and in?ammatory leukocytes. 
In addition to the local tissue injury, distant organs can also be 
affected, particularly if the intensity of the in?ammatory reac 
tion in postischemic tissue (e.g., intestine) is great. The 
remote effects of ischemiaireperfusion injury are most fre 
quently observed in the lung and (cardio- or cerebro-) vascu 
lar system, and can result in the development of the systemic 
in?ammatory response syndrome (SIRS) and multiple organ 
dysfunction syndrome (MODS), both of Which account for 30 
to 40% of the mortality in tertiary referral intensive care units 
(ICUs). 
[0091] The invention provides a method for modulating or 
treating such an ischemic event in a subject comprising pro 
viding the subject With orally or mucosally With a gene 
regulatory peptide or functional analogue thereof, in particu 
lar Wherein the peptide doWn-regulates translocation and/or 
activity of a gene transcription factor, preferably Wherein the 
gene transcription factor comprises an NFKB/Rel protein and 
Wherein translocation and/or activity of the NFKB/Rel pro 
tein is inhibited. For mucosal or oral application, it is pre 
ferred that the peptide is selected from the group of peptides 
having NFKB doWn-regulating activity in LPS-stimulated 
RAW264.7 cells, especially When the subject is at risk to 
experience reperfusion injury occurring after the ischemic 
event. 

[0092] For achieving a rapid clinical intervention by oral or 
mucosal administration it is preferred that the peptide is 
selected from the group of peptides having NFKB doWn 
regulating activity in LPS-unstimulated RAW264.7 cells, 
then the subject may also be provided With a thrombolytic 
agent, such as When the thrombolytic agent comprises tissue 
plasminogen activity. 
[0093] Furthermore, the invention provides use of a gene 
regulatory peptide, preferably comprising an NFKB doWn 
regulating peptide or functional analogue thereof, for the 
production of a pharmaceutical composition for the oral or 
mucosal treatment of reperfusion injury occurring after an 



US 2010/0004172 A1 

ischemic event in a subject. The most preferred peptide for 
treating such a reperfusion injury orally is AQGV (SEQ ID 
N02). 
[0094] The invention furthermore relates to the oral or 
mucosal treatment of immunosuppressive effects such as 
those seen after trauma or major surgery. In the United States, 
posttraumatic sepsis is responsible for 60% of all late deaths 
after trauma. The susceptibility of trauma patients to sepsis 
seems to be caused at least in part by a profound suppression 
of cellular immunity often found after trauma, burns and 
hemorrhage. The relationship betWeen the nervous and the 
immune system folloWing trauma or other life-threatening 
events is poorly understood and under investigation. Recent 
revieWs have highlighted the complex nature of the tremen 
dous surge of hormone and catecholamine output from the 
pituitary-adrenal axis folloWing trauma, Which may be medi 
ated through the spinal cord along afferent neurons from the 
site of tissue destruction. Also, often a generaliZed depression 
of the immune system exists. The invention provides a 
method for oral or mucosal treatment of an immuno suppres 
sive state in a subject comprising providing the subject via 
oral or mucosal application With a gene-regulatory peptide or 
functional analogue thereof. Such treatment is particularly 
useful When the subject has experienced trauma or major 
surgery likely resulting in an immunosuppressive state. It is 
preferred that the peptide or analogue up-regulates transloca 
tion and/or activity of a gene transcription factor such as an 
NFKB/ Rel proteinAP-l protein. In a much preferred embodi 
ment, the peptide is selected from the group of peptides 
having NFKB up-regulating activity in LPS-unstimulated 
RAW264.7 cells; such treatment is also very useful When the 
subject is at risk to experience a counter anti-in?ammatory 
response syndrome, especially When the peptide is selected 
from the group of peptides having NFKB up-regulating activ 
ity in LPS-stimulated RAW264.7 cells. Further therapy may 
include providing the subject With an agent directed against 
disseminated intravascular coagulation, such as When the 
agent comprises Activated Protein C activity. Also, the inven 
tion provides use of a gene-regulatory peptide, in particular 
an NFKB up-regulating peptide or functional analogue 
thereof for the production of a pharmaceutical composition 
for the oral or mucosal treatment of an immunosuppressive 
state or a counter anti-in?ammatory response syndrome in a 
subject. 
[0095] The invention also relates to the ?eld of (veterinary) 
medicine and to the oral or mucosal treatment of subjects (be 
it man or animal) that suffer from iatrogenic disease, i.e., 
experience problems or complications resulting from a medi 
cal treatment. Iatrogenic events that result from activities of, 
for example, physicians or surgeons are commonplace in 
modern medicine and can often not be avoided. Various 
adverse conditions can occur due to malpractice or neglect, 
such as Wrongly selecting or executing a therapy, misplacing 
or forgetting to remove surgical utensils during surgery, and 
the like. HoWever, mo st therapeutic or surgical interventions, 
even those Well selected and properly executed, may, even 
beyond their bene?cial effects, cause adverse and often 
in?ammatory conditions in a patient. Furthermore, also tried 
and tested therapies in infectious disease, such as treatments 
With antibiotics or antivirals, have their iatrogenic side-ef 
fects, often related to the lysis or destruction of the very 
micro-organism they are designed to be used against, and the 
release of microbe membrane fragments and/ or toxins Which 
induces additional pro-in?ammatory cytokine release. What 

Jan. 7, 2010 

ever the cause may be, most iatrogenic events, herein de?ned 
as a disorder or disease resulting from a treatment of a human 
or animal subject With a pharmaceutical composition or by a 
medical or surgical procedure, result in the damage, destruc 
tion or lysis of cells or tissue of the subject, resulting in 
additional pro-in?ammatory cytokine release. 
[0096] The invention provides a method for treating an 
iatrogenic event in a subject comprising providing the subject 
orally or mucosally With a gene-regulatory peptide or func 
tional analogue thereof, particularly When the peptide modu 
lates translocation and/or activity of a gene transcription fac 
tor such as an NFKB/Rel protein or causes inhibition of an 

NFKB/Rel protein-mediated cytokine gene expression. It is 
very useful to treat a subject orally or mucosally When the 
iatrogenic event comprises destruction or lysis of a cell or 
tissue of the subject or of a pathogen hosted by the subject, for 
example, When the lysis is due to treatment of the subject With 
a pharmaceutical composition, such as a pharmaceutical 
composition that is selected from the group of antigens, vac 
cines, antibodies, anticoagulants, antibiotics, antitoxins, anti 
bacterial agents, antiparasitic agents, antiprotoZootic agents, 
antifungal agents, antiviral agents, cytolytic agents, cytostatic 
agents, thrombolytic agents. Such treatment is also useful 
When the lysis is due to treatment of the subject With a virus, 
such as a lytic phage. The invention also provides use of a 
signaling molecule comprising an NFKB doWn-regulating 
peptide or functional analogue thereof for the production of a 
pharmaceutical composition for the oral or mucosal treatment 
of a pro-in?ammatory cytokine response occurring after an 
iatrogenic event in a subject. 
[0097] Other examples of disease or disorders that can be 
treated mucosally or orally With a pharmaceutical composi 
tion as provided herein include acute in?ammatory disease, 
such as (hyper)acute transplant rejection, sepsis/ SIRS, for 
example, after burn injury and acute autoimmune disease. 
[0098] In particular, the invention provides oral or mucosal 
treatment of an acute systemic disease such as sepsis/ SIRS. 
Sepsis/ SIRS is an acute systemic in?ammatory response to a 
variety of noxious insults (particularly insults of an infectious 
origin such as a bacterial infection, but also non-infectious 
insults are Well knoWn and often seen). The systemic in?am 
matory response seen With sepsis/SIRS is caused by immu 
nological processes that are activated by a variety of immu 
nological mediators such as cytokines, chemokines, nitric 
oxide, and other immune-mediating chemicals of the body. 
These immunological mediators are generally seen to cause 
the life-threatening systemic disease seen With sepsis/SIRS. 
[0099] The invention provides a method for treating sepsis/ 
SIRS in a subject comprising providing the subject orally or 
mucosally With a gene-regulatory peptide or functional ana 
lo gue thereof, particularly When the peptide modulates trans 
location and/or activity of a gene transcription factor such as 
an NFKB/Rel protein or causes inhibition of an NFKB/Rel 
protein-mediated cytokine gene expression. It is very useful 
to treat a subject orally or mucosally When the sepsis/SIRS 
?nds its basis in the ongoing destruction or lysis of a cell or 
tissue of the subject or of a pathogen hosted by the subject. 
The invention also provides use of a gene-regulatory peptide, 
in particular of an NFKB doWn-regulating peptide or func 
tional analogue thereof for the production of a pharmaceuti 
cal composition for the treatment of a systemic in?ammatory 
response syndrome or sepsis of a subject. 
[0100] The gene-regulatory activity of a gene-regulatory 
peptide, in particular of an NFKB-regulating peptide such as 
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selected from the group of peptides LQG, AQG, LQGV (SEQ 
ID N011), AQGV (SEQ ID N012), LQGA (SEQ ID N013), 
VLPALP (SEQ ID N014), ALPALP (SEQ ID N015), 
VAPALP (SEQ ID N016), ALPALPQ (SEQ ID N017), 
VLPAAPQ (SEQ ID N018), VLPALAQ (SEQ ID N019), 
LAGV (SEQ ID N0110), VLAALP (SEQ ID N0111), 
VLAALP (SEQ ID N0111), VLPALA (SEQ ID N0112), 
VLPALPQ (SEQ ID N0113), VLAALPQ (SEQ ID N0114), 
VLPALPA (SEQ ID N0115), GVLPALP (SEQ ID N0116), 
LQGVLPALPQVVC (SEQ ID N0117), LPGCPRGVN 
PVVS (SEQ ID N0118), LPGC (SEQ ID N0119), MTRV 
(SEQ ID N0120), MTR, VVC is manifested in the following 
Way. Classically, many genes are regulated not by a signaling 
molecule that enters the cells but by molecules that bind to 
speci?c receptors on the surface of cells. Interaction betWeen 
cell-surface receptors and their ligands can be folloWed by a 
cascade of intracellular events including variations in the 
intracellular levels of so-called second messengers (diacylg 
lycerol, Ca2+, cyclic nucleotides). The second messengers in 
turn lead to changes in protein phosphorylation through the 
action of cyclic AMP, cyclic GMP, calcium-activated protein 
kinases, or protein kinase C, Which is activated by diaglyc 
erol. Many of these classic responses to binding of ligands to 
cell-surface receptors are cytoplasmatic and do not involve 
immediate gene activation in the nucleus. Some receptor 
ligand interactions, hoWever, are knoWn to cause prompt 
nuclear transcriptional activation of a speci?c and limited set 
of genes. HoWever, progress has been sloW in determining 
exactly hoW such activation is achieved. In a feW cases, the 
transcriptional proteins that respond to cell-surface signals 
have been characterized. 

[0101] One of the clearest examples of activation of a pre 
existing inactive transcription factor folloWing a cell-surface 
interaction is the nuclear factor (N F)KB, Which Was originally 
detected because it stimulates the transcription of genes 
encoding immunoglobulin light chains of the K class in 
B-lymphocytes. The binding site for NKKB in the K gene is 
Well de?ned (see, for example, P. A. Baeuerle and D. Balti 
more, 1988, Science 2421540), providing an assay for the 
presence of the active factor. This factor exists in the cyto 
plasm of lymphocytes complexed With an inhibitor. Treat 
ment of the isolated complex in vitro With mild denaturing 
conditions dissociates the complex, thus freeing NKKB to 
bind to its DNA site. Release of active NFKB in cells is noW 
knoWn to occur after a variety of stimuli including treating 
cells With bacterial lipopolysaccharide (LPS) and extracellu 
lar polypeptides as Well as chemical molecules (e.g., phobol 
esters) that stimulate intracellular phosphokinases. Thus a 
phosphorylation event triggered by many possible stimuli 
may account for NFKB conversion to the active state. The 
active factor is then translocated to the cell nucleus to stimu 
late transcription only of genes With a binding site for active 
NFKB. We have found that a variety of short peptides as 
indicated above exert a modulatory activity on NFKB activity. 

[0102] Considering that the in?ammatory response 
involves the sequential release of mediators and the recruit 
ment of circulating leukocytes, Which become activated at the 
in?ammatory site and release further mediators (Nat. Med. 
711294; 2001), We provided using NFKB-regulating peptide 
in the ?eld of medicine, e.g., by providing pharmaceutical 
compositions and methods for use in the medicine. Consid 
ering that NFKB is thought by many to be a primary effector 
of disease (A. S. BaldWin, J. Clin. Invest., 2001, 10713-6), 
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numerous efforts are underWay to develop safe inhibitors of 
NFKB to be used in treatment of both chronic and acute 
disease situations. 

[0103] For example, concomittantly or separately With a 
method for perfusing a transplant With a perfusing ?uid, the 
invention hereWith provides treating the recipient of the trans 
plant With a pharmaceutical composition for oral or mucosal 
use comprising at least one gene-regulatory peptide, prefer 
ably an NFKB doWn-regulating peptides as provided herein; 
ischemic or post-implantation damage due to activation of 
NFKB in the transplant and/or the recipient can then be 
greatly diminished, alloWing a longer survival and use of the 
transplants. It is noW provided that the use also alloWs reduc 
ing the risk on chronic transplant rejection, alloWing increas 
ing transplant survival. The invention provides a method for 
avoiding acute and in particular chronic rejection of a trans 
plant and increasing transplant survival in a recipient of the 
transplant comprising providing the recipient orally or 
mucosally With a gene-regulatory peptide or functional ana 
logue thereof, herein also called a signaling molecule. It is 
preferred that the peptide is 3 to 15 amino acids long, more 
preferably, that the peptide is 3 to 9 amino acids long, it is 
most preferred that the peptide is 4 to 6 amino acids long. It is 
in particular preferred that the signaling molecule is capable 
of inhibiting NFKB/Rel protein activity. 
[0104] Functional analogue herein relates to the signaling 
molecular effect or activity as, for example, can be measured 
by measuring nuclear translocation of a relevant transcription 
factor, such as NFKB in an NFKB assay, or AP-l in an AP-l 
assay, or by another method as provided herein. Fragments 
can be someWhat (i.e., one or tWo amino acids) smaller or 
larger on one or both sides, While still providing functional 
activity. In one embodiment of the invention, the peptide used 
as a signaling molecule or gene-regulatory peptide is a chemi 
cally modi?ed peptide. A peptide modi?cation includes phos 
phorylation (e.g., on a Tyr, Ser or Thr residue), N-terminal 
acetylation, C-terminal amidation, C-ter'minal hydraZide, 
C-terminal methyl ester, fatty acid attachment, sulfonation 
(tyrosine), N-terminal dansylation, N-terminal succinylation, 
tripalmitoyl-S-Glyceryl Cysteine (PAM3 Cys-0H) as Well as 
famesylation of a Cys residue. Systematic chemical modi? 
cation of a peptide can, for example, be performed in the 
process of peptide optimaliZation. 
[0105] Synthetic peptides can be obtained using various 
procedures knoWn in the art. These include solid phase pep 
tide synthesis (SPPS) and solution phase organic synthesis 
(SPOS) technologies. SPPS is a quick and easy approach to 
synthesiZe peptides and small proteins. The C-terminal amino 
acid is typically attached to a cross-linked polystyrene resin 
via an acid labile bond With a linker molecule. This resin is 
insoluble in the solvents used for synthesis, making it rela 
tively simple and fast to Wash aWay excess reagents and 
by-products. The peptide, or its functional analogue, modi? 
cation or derivative, can be administered as the entity as such 
or as a pharmaceutically acceptable acid- or base-addition 
salt, formed by reaction With an inorganic acid (such as 
hydrochloric acid, hydrobromic acid, perchloric acid, nitric 
acid, thiocyanic acid, sulfuric acid, and phosphoric acid); or 
With an organic acid (such as formic acid, acetic acid, propi 
onic acid, glycolic acid, lactic acid, pyruvic acid, oxalic acid, 
malonic acid, succinic acid, maleic acid, and fumaric acid); or 
by reaction With an inorganic base (such as sodium hydrox 
ide, ammonium hydroxide, potassium hydroxide); or With an 
organic base (such as mono-, di-, trialkyl and aryl amines and 
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substituted ethanolamines). A selected peptide and any of the 
derived entities may also be conjugated to sugars, lipids, other 
polypeptides, nucleic acids and PNA; and function in-situ as 
a conjugate or be released locally after reaching a targeted 
tissue or organ. 

[0106] In response to a variety of pathophysiological and 
developmental signals, the NFKB/Rel family of transcription 
factors are activated and form different types of hetero- and 
homodimers among themselves to regulate the expression of 
target genes containing KB-speci?c binding sites. NFKB 
transcription factors are hetero- or homodimers of a family of 
related proteins characterized by the Rel homology domain. 
They form tWo subfamilies, those containing activation 
domains (p65-RELA, RELB, and c-REL) and those lacking 
activation domains (p50, p52). The prototypical NFKB is a 
heterodimer of p65 (RELA) and p50 (NFKBI). Among the 
activated NFKB dimers, p50-p65 heterodimers are knoWn to 
be involved in enhancing the transcription of target genes and 
p50-p50 homodimers in transcriptional repression. HoWever, 
p65-p65 homodimers are knoWn for both transcriptional acti 
vation and repressive activity against target genes. KB DNA 
binding sites With varied a?inities to different NFB dimers 
have been discovered in the promoters of several eukaryotic 
genes and the balance betWeen activated NFKB homo- and 
heterodimers ultimately determines the nature and level of 
gene expression Within the cell. The term “NFKB-regulating 
peptide” as used herein refers to a peptide or functional ana 
lo gue or a modi?cation or derivative thereof capable of modu 
lating the activation of members of the NFKB/Rel family of 
transcription factors. Examples of such peptides that are par 
ticularly useful in a method or composition according to the 
invention are selected from the group of VLPALPQVVC 
(SEQ ID N0121), LQGVLPALPQ (SEQ ID N0122), LQGV 
(SEQ ID N011), AQGV (SEQ ID N012), GVLPALPQ (SEQ 
ID N0123), VLPALP (SEQ ID N014), VLPALPQ (SEQ ID 
N01 13), GVLPALP (SEQ ID N0116),VVC, MTRV (SEQ ID 
N0120), and MTR. Modulation of the activation of NFKB can 
lead to enhanced transcription of target genes. Also, it can 
lead to transcriptional repression of target genes. NFKB acti 
vation can be regulated at multiple levels. For example, the 
dynamic shuttling of the inactive NFKB dimers betWeen the 
cytoplasm and nucleus by IKB proteins and its termination by 
phosphorylation and proteasomal degradation, direct phos 
phorylation, acetylation of NFKB factors, and dynamic reor 
ganiZation of NFKB subunits among the activated NFKB 
dimers have all been identi?ed as key regulatory steps in 
NFKB activation and, consequently, in NFKB-mediated tran 
scription processes. Thus, an NFKB-regulating peptide is 
capable of modulating the transcription of genes that are 
under the control of NFKB/ Rel family of transcription factors. 
Modulating comprises the up-regulation or the doWn-regula 
tion of transcription. 
[0107] The term “pharmaceutical composition” as used 
herein is intended to cover both the active regulatory peptide 
or analogue alone or a composition containing the regulatory 
peptide or analogue together With a pharmaceutically accept 
able carrier, diluent or excipient. Acceptable diluents of a 
peptide are, for example, physiological salt solutions or phos 
phate buffered salt solutions. It is in particular useful to pro 
vide a pharmaceutical composition Wherein the gene tran 
scription factor comprises an NFKB/Rel protein. For 
example, to counter ischemia-reperfusion damage of a trans 
plant, for example, derived from a brain dead donor or, to 
prevent ischemia-reperfusion damage during cold storage 
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and transport of a transplant, it is herein recommended to 
provide a pharmaceutical composition by Which transloca 
tion and/ or activity of the NFKB/ Rel protein is inhibited. Such 
a composition can be a transplant preservation or perfusion 
?uid as described herein, comprising a gene-regulatory pep 
tide or functional analogue thereof. It is useful to select the 
peptide from the group of peptides LQG, AQG, LQGV (SEQ 
ID N011), AQGV (SEQ ID N012), LQGA (SEQ ID N013), 
VLPALP (SEQ ID N014), ALPALP (SEQ ID N015), 
VAPALP (SEQ ID N016), ALPALPQ (SEQ ID N017), 
VLPAAPQ (SEQ ID N018), VLPALAQ (SEQ ID N019), 
LAGV (SEQ ID N01l0), VLAALP (SEQ ID N0111), 
VLAALP (SEQ ID N011), VLPALA (SEQ ID N0112), 
VLPALPQ (SEQ ID N0113), VLAALPQ (SEQ ID N0114), 
VLPALPA (SEQ ID N0115), GVLPALP (SEQ ID N0116), 
LQGVLPALPQVVC (SEQ ID N0117), LPGCPRGVN 
PVVS (SEQ ID N0118), LPGC (SEQ ID N0119), MTRV 
(SEQ ID N0120), MTR, VVC, or functional analogues 
thereof, but other gene-regulatory peptides can also be 
selected. As described above, under certain circumstances it 
is preferred that the pharmaceutical composition is hyper 
tonic. It may also be useful to add to the perfusion ?uid an 
anticoagulant, such as heparin, or in conditions Where dis 
seminated intravascular coagulation (DIC) of the transplant is 
expected (such as With cadaveric donors) to add (recombi 
nant) Activated Protein C to a perfusion ?uid as herein pro 
vided. Where the Activated Protein C resolves the diffuse 
coagulation leading to ischemia, the NFKB-regulating pep 
tide in the perfusion ?uid helps reduce reperfusion damage. In 
most circumstances, the treatment With the preservation or 
perfusion ?uid comprises providing the transplant With the 
signaling molecule after the transplant has been taken out of 
the donor. It is in particular useful to further treat the recipient 
With one of the above mentioned classically knoWn pharma 
ceutical compositions for further reducing the risk of trans 
plant rejection, especially in those cases Wherein the HLA 
type of the transplant mismatches With the HLA-type of the 
recipient. 
[0108] The invention also provides a transplant preserva 
tion ?uid or a transplant perfusion ?uid comprising, as a 
signaling molecule, a peptide or functional analogue capable 
of modulating translocation and/or activity of a gene tran 
scription factor. 
[0109] In a speci?c embodiment, such a ?uid also com 
prises (recombinant) Activated Protein C, especially When 
the gene transcription factor comprises an NFKB/Rel protein, 
or the AP-1 protein. The peptides added to such a ?uid, such 
as LQG, AQG, LQGV (SEQ ID N011), AQGV (SEQ ID 
N012), LQGA (SEQ ID N013), VLPALP (SEQ ID N014), 
ALPALP (SEQ ID N015), VAPALP (SEQ ID N016), 
ALPALPQ (SEQ ID N017), VLPAAPQ (SEQ ID N018), 
VLPALAQ (SEQ ID N019), LAGV (SEQ ID N01l0), 
VLAALP (SEQ ID N0111), VLPALA (SEQ ID N0112), 
VLPALPQ (SEQ ID N0113), VLAALPQ (SEQ ID N0114), 
VLPALPA (SEQ ID N0115), GVLPALP (SEQ ID N0116), 
VVCNYRDVRFESIRLPGCPRGVNPV 

VSYAVALSCQCAL (SEQ ID N0124), RPRCRPINAT 
LAVEKEGCPVCITVNTTICAGYCPT (SEQ ID N0125), 
SKAPPPSLPSPSRLPGPS (SEQ ID N0126), LQGVL 
PALPQVVC (SEQ ID N0117), SIRLPGCPRGVNPVVS 
(SEQ ID N0127), LPGCPRGVNPVVS (SEQ ID N0118), 
LPGC (SEQ ID N01 19), MTRV (SEQ ID N0120), MTR, and 
WC and others are, for example, prepared by solid-phase 
synthesis detailed description. 
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[0110] In response to a variety of pathophysiological and 
developmental signals, the NFKB/Rel family of transcription 
factors is activated and forms different types of hetero- and 
homodimers among themselves to regulate the expression of 
target genes containing KB-speci?c binding sites. NFKB 
transcription factors are hetero- or homodimers of a family of 
related proteins characterized by the Rel homology domain. 
They form tWo subfamilies, those containing activation 
domains (p65-RELA, RELB, and c-REL) and those lacking 
activation domains (p50, p52). The prototypical NFKB is a 
heterodimer of p65 (RELA) and p50 (NFKBI). Among the 
activated NFKB dimers, p50-p65 heterodimers are knoWn to 
be involved in enhancing the transcription of target genes and 
p50-p50 homodimers in transcriptional repression. HoWever, 
p65-p65 homodimers are knoWn for both transcriptional acti 
vation and repressive activity against target genes. KB DNA 
binding sites With varied a?inities to different NFB dimers 
have been discovered in the promoters of several eukaryotic 
genes and the balance betWeen activated NFKB homo- and 
heterodimers ultimately determines the nature and level of 
gene expression Within the cell. The term “NFKB-regulating 
peptide” as used herein refers to a peptide or a modi?cation or 
derivative thereof capable of modulating the activation of 
members of the NFKB/Rel family of transcription factors. 
Activation of NFKB can be gene-regulatory to enhanced tran 
scription of target genes. Also, it can be gene-regulatory to 
transcriptional repression of target genes. NFKB activation 
can be regulated at multiple levels. For example, the dynamic 
shuttling of the inactive NFKB dimers betWeen the cytoplasm 
and nucleus by IKB proteins and its termination by phospho 
rylation and proteasomal degradation, direct phosphoryla 
tion, acetylation of NFKB factors, and dynamic reorganiZa 
tion of NFKB subunits among the activated NFKB dimers 
have all been identi?ed as key regulatory steps in NFKB 
activation and, consequently, in NFKB-mediated transcrip 
tion processes. Thus, an NFKB-regulating peptide is capable 
of modulating the transcription of genes that are under the 
control of NFKB/Rel family of transcription factors. Modu 
lating comprises the up-regulation or the doWn-regulation of 
transcription. In a preferred embodiment, a peptide according 
to the invention, or a functional derivative or analogue 
thereof, is used for the production of a pharmaceutical com 
position. Examples of useful NFKB doWn-regulating peptides 
to be included in such a pharmaceutical composition are 

VLPALPQVVC (SEQ ID NOz2l), LQGVLPALPQ (SEQ ID 
NOz22), LQG, LQGV (SEQ ID NOzl), GVLPALPQ (SEQ 
ID NOz23), VLPALP (SEQ ID N014), VVC, MTR and cir 
cular LQGVLPALPQVVC (SEQ ID NOzl7). More gene 
regulating peptides and functional analogues can be found in 
a (bio)assay, such as an NFKB translocation assay as provided 
herein. Most prominent among NFKB doWn-regulating pep 
tides are VLPALPQVVC (SEQ ID NOz2l), LQGVLPALPQ 
(SEQ ID NOz22), LQG, LQGV (SEQ ID N011), and 
VLPALP (SEQ ID NO:4). These are also capable of reducing 
production of NO by a cell. It is herein also provided to use a 
composition that comprises at least tWo oligopeptides or 
functional analogues thereof, each capable of doWn-regula 
tion of NFKB, and thereby reducing production of NO and/or 
TNF-ot by a cell, in particular Wherein the at least tWo oli 
gopeptides are selected from the group LQGV (SEQ ID 
NO: 1), AQGV (SEQ ID N02), and VLPALP (SEQ ID 
NO:4). Useful NFKB up-regulating peptides are VLPALPQ 
(SEQ ID NOzl3), GVLPALP (SEQ ID NOzl6) and MTRV 
(SEQ ID NOzZO). As indicated, more gene-regulatory pep 
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tides may be found With an appropriate (bio)assay. A gene 
regulatory peptide as used herein is preferably short. Prefer 
ably, such a peptide is 3 to 15 amino acids long, and capable 
of modulating the expression of a gene, such as a cytokine, in 
a cell. In a preferred embodiment, a peptide is a signaling 
molecule that is capable of traversing the plasma membrane 
of a cell or, in other Words, a peptide that is membrane 
permeable. More preferably, Wherein the lead peptide is 3 to 
9 amino acids long, mo st preferred Wherein the lead peptide is 
4 to 6 amino acids long. 

[0111] Functional derivative or analogue herein relates to 
the signaling molecular effect or activity as, for example, can 
be measured by measuring nuclear translocation of a relevant 
transcription factor, such as NFKB in an NFKB assay, orAP-l 
in an AP-l assay, or by another method as provided herein. 
Fragments can be someWhat (i.e., one or tWo amino acids) 
smaller or larger on one or both sides, While still providing 
functional activity. Such a bioassay comprises an assay for 
obtaining information about the capacity or tendency of a 
peptide, or a modi?cation thereof, to regulate expression of a 
gene. A scan With, for example, a l5-mer, or a l2-mer, or a 
9-mer, or a 8-mer, or a 7-mer, or a 6-mer, or a 5-mer, or a 
4-mer or a 3-mer peptides can yield valuable information on 
the linear stretch of amino acids that form an interaction site 
and alloWs identi?cation of gene-regulatory peptides that 
have the capacity or tendency to regulate gene expression. 
Gene-regulatory peptides can be modi?ed to modulate their 
capacity or tendency to regulate gene expression, Which can 
be easily assayed in an in vitro bioassay such as a reporter 
assay. For example, some amino acid at some position can be 
replaced With another amino acid of similar or different prop 
erties. Alanine (Ala)-replacement scanning, involving a sys 
tematic replacement of each amino acid by anAla residue, is 
a suitable approach to modify the amino acid composition of 
a gene-regulatory peptide When in a search for a signaling 
molecule capable of modulating gene expression. Of course, 
such replacement scanning or mapping can be undertaken 
With amino acids other than Ala as Well, for example, With 
D-amino acids. In one embodiment, a peptide derived from a 
naturally occurring polypeptide is identi?ed as being capable 
of modulating gene expression of a gene in a cell. Subse 
quently, various synthetic Ala-mutants of this gene-regula 
tory peptide are produced. These Ala-mutants are screened 
for their enhanced or improved capacity to regulate expres 
sion of a gene compared to gene-regulatory polypeptide. 
[0112] Furthermore, a gene-regulatory peptide, or a modi 
?cation or analogue thereof, can be chemically synthesiZed 
using D- and/or L-stereoisomers. For example, a gene-regu 
latory peptide that is a retro-inverso of an oligopeptide of 
natural origin is produced. The concept of polypeptide retro 
inversion (assemblage of a natural L-amino acid-containing 
parent sequence in reverse order using D-amino acids) has 
been applied successfully to synthetic peptides. Retro-in 
verso modi?cation of peptide bonds has evolved into a Widely 
used peptidomimetic approach for the design of novel bioac 
tive molecules Which has been applied to many families of 
biologically active peptide. The sequence, amino acid com 
position and length of a peptide Will in?uence Whether correct 
assembly and puri?cation are feasible. These factors also 
determine the solubility of the ?nal product. The purity of a 
crude peptide typically decreases as the length increases. The 
yield of peptide for sequences less than 15 residues is usually 
satisfactory, and such peptides can typically be made Without 
di?iculty. The overall amino acid composition of a peptide is 
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an important design variable. A peptide’s solubility is 
strongly in?uenced by composition. Peptides With a high 
content of hydrophobic residues, such as Leu, Val, Ile, Met, 
Phe and Trp, Will either have limited solubility in aqueous 
solution or be completely insoluble. Under these conditions, 
it can be dif?cult to use the peptide in experiments, and it may 
be dif?cult to purify the peptide if necessary. To achieve a 
good solubility, it is advisable to keep the hydrophobic amino 
acid content beloW 50% and to make sure that there is at least 
one charged residue for every ?ve amino acids.At physiologi 
cal pH Asp, Glu, Lys, and Arg all have charged side chains. A 
single conservative replacement, such as replacing Ala With 
Gly, or adding a set of polar residues to the N- or C-terminus, 
may also improve solubility. Peptides containing multiple 
Cys, Met, or Trp residues can also be dif?cult to obtain in high 
purity partly because these residues are susceptible to oxida 
tion and/or side reactions. If possible, one should choose 
sequences to minimiZe these residues. Alternatively, conser 
vative replacements can be made for some residues. For 
instance, Norleucine can be used as a replacement for Met, 
and Ser is sometimes used as a less reactive replacement for 
Cys. If a number of sequential or overlapping peptides from a 
protein sequence are to be made, making a change in the 
starting point of each peptide may create a better balance 
betWeen hydrophilic and hydrophobic residues. A change in 
the number of Cys, Met, and Trp residues contained in indi 
vidual peptides may produce a similar effect. In another 
embodiment of the invention, a gene-regulatory peptide 
capable of modulating gene expression is a chemically modi 
?ed peptide. A peptide modi?cation includes phosphoryla 
tion (e.g., on a Tyr, Ser or Thr residue), N-terminal acetyla 
tion, C-terminal amidation, C-terminal hydraZide, C-terminal 
methyl ester, fatty acid attachment, sulfonation (tyrosine), 
N-terminal dansylation, N-terminal succinylation, tripalmi 
toyl-S-Glyceryl Cysteine (PAM3 Cys-0H) as Well as farne 
sylation of a Cys residue. Systematic chemical modi?cation 
of a gene-regulatory peptide can, for example, be performed 
in the process of gene-regulatory peptide optimaliZation. 
[0113] Synthetic peptides can be obtained using various 
procedures knoWn in the art. These include solid phase pep 
tide synthesis (SPPS) and solution phase organic synthesis 
(SPOS) technologies. SPPS is a quick and easy approach to 
synthesiZe peptides and small proteins. The C-terminal amino 
acid is typically attached to a cross-linked polystyrene resin 
via an acid labile bond With a linker molecule. This resin is 
insoluble in the solvents used for synthesis, making it rela 
tively simple and fast to Wash aWay excess reagents and 
by-products. 
[0114] The peptides as mentioned in this document such as 

LQG, AQG, LQGV (SEQ ID N011), AQGV (SEQ ID N012), 
LQGA (SEQ ID N013), VLPALP (SEQ ID N014), ALPALP 
(SEQ ID N015), VAPALP (SEQ ID N016), ALPALPQ (SEQ 
ID N017), VLPAAPQ (SEQ ID N018), VLPALAQ (SEQ ID 
N019), LAGV (SEQ ID N0110),VLAALP (SEQ ID N0111), 
VLPALA (SEQ ID N0112), VLPALPQ (SEQ ID N0113), 
VLAALPQ (SEQ ID N0114), VLPALPA (SEQ ID N0115), 
GVLPALP (SEQ ID N0116), VVCNYRDVRFE 
SIRLPGCPRGVNPVVSYAVALSCQCAL (SEQ ID 
N0124), RPRCRPINATLAVEKEGCPVCITVNTTI 
CAGYCPT (SEQ ID N0125), SKAPPPSLPSPSRLPGPS 
(SEQ ID N0126), LQGVLPALPQVVC (SEQ ID N0117), 
SIRLPGCPRGVNPVVS (SEQ ID N0127), LPGCPRGVN 
PVVS (SEQ ID N0118), LPGC (SEQ ID N0119), MTRV 
(SEQ ID N0120), MTR, and WC Were prepared by solid 
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phase synthesis using the ?uorenylmethoxycarbonyl (Fmoc)/ 
tert-butyl-based methodology With 2-chlorotrityl chloride 
resin as the solid support. The side-chain of glutamine Was 
protected With a trityl function. The peptides Were synthe 
siZed manually. Each coupling consists of the following 
steps: (i) removal of the ot-amino Fmoc-protection by piperi 
dine in dimethylformamide (DMF), (ii) coupling of the Fmoc 
amino acid (3 eq) With diisopropylcarbodiimide (DIC)/1 
hydroxybenZotriaZole (HOBt) in DMF/N-methylformamide 
(NMP), and (iii) capping of the remaining amino functions 
With acetic anhydride/diisopropylethylamine (DIEA) in 
DMF/NMP. Upon completion of the synthesis, the peptide 
resin Was treated With a mixture of tri?uoroacetic acid (TFA)/ 
H20/triisopropylsilane (TIS) 9512.512.5. After 30 minutes, 
TIS Was added until decoloriZation. The solution Was evapo 
rated in vacuo and the peptide precipitated With diethylether. 
The crude peptides Were dissolved in Water (50 to 100 mg/ml) 
and puri?ed by reverse-phase high-performance liquid chro 
matography (RP-HPLC). HPLC conditions Were: P column1 
Vydac TP21810C18 (10><250 mm); elution system1 gradient 
system of 0.1% TFA in Water v/v (A) and 0.1% TFA in 
acetonitrile (ACN) v/v (B); How rate 6 ml/ minute; absorbance 
Was detected from 190 to 370 nm. There Were different gra 

dient systems used. For example, for peptides LQG and 
LQGV (SEQ ID N01 1): ten minutes 100% A folloWed by 
linear gradient 0 to 10% B in 50 minutes. For example, for 
peptides VLPALP (SEQ ID N014) and VLPALPQ (SEQ ID 
N0113)1 ?ve minutes 5% B folloWed by linear gradient 1% 
B/minute. The collected fractions Were concentrated to about 
5 ml by rotation ?lm evaporation under reduced pressure at 
40° C. The remaining TFA Was exchanged against acetate by 
eluting tWo times over a column With anion exchange resin 
(Merck II) in acetate form. The elute Was concentrated and 
lyophiliZed in 28 hours. Peptides later Were prepared for use 
by dissolving them in PBS. 
[0115] RAW 264.7 macrophages, obtained from American 
Type Culture Collection (Manassas, Va.), Were cultured at 37° 
C. in 5% C02 using DMEM containing 10% FBS and anti 
biotics (100 U/ml of penicillin, and 100 ug/ml streptomycin). 
Cells (1><10°/ml) Were incubated With peptide (10 ug/ml) in a 
volume of 2 ml. After eight hours of cultures cells Were 
Washed and prepared for nuclear extracts. 

[0116] Nuclear extracts and EMSA Were prepared accord 
ing to Schreiber et al. Methods (Schrieber et al. 1989, Nucleic 
Acids Research 17). Brie?y, nuclear extracts from peptide 
stimulated or nonstimulated macrophages Were prepared by 
cell lysis folloWed by nuclear lysis. Cells Were then sus 
pended in 400 [1.1 ofbuffer (10 mM HEPES (pH 7.9), 10 mM 
KCl, 0.1 mM KCL, 0.1 mM EDTA, 0.1 mM EGTA, 1 mM 
DTT, 0.5 mM PMSF and protease inhibitors), vigorously 
vortexed for 15 seconds, left standing at 4° C. for 15 minutes, 
and centrifuged at 15,000 rpm for tWo minutes. The pelleted 
nuclei Were resuspended in buffer (20 mM HEPES (pH 7.9), 
10% glycerol, 400 mM NaCl, 1 mM EDTA, 1 mM EGTA, 1 
mM DTT, 0.5 mM PMSF and protease inhibitors) for 30 
minutes on ice, then the lysates Were centrifuged at 15,000 
rpm for tWo minutes. The supernatants containing the solu 
biliZed nuclear proteins Were stored at —70° C. until used for 
the Electrophoretic Mobility Shift Assays (EMSA). 
[0117] Electrophoretic mobility shift assays Were per 
formed by incubating nuclear extracts prepared from control 
(RAW 264.7) and peptide-treated RAW 264.7 cells With a 
32P-labeled double-stranded probe (5' AGCTCAGAGGGG 
GACTTTCCGAGAG 3' (SEQ ID N0128)) synthesized to 
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represent the NFKB-binding sequence. Shortly, the probe Was 
end-labeled With T4 polynucleotide kinase according to the 
manufacturer’s instructions (Promega, Madison, Wis). The 
annealed probe Was incubated With nuclear extract as folloWs: 
in EMSA, binding reaction mixtures (20 pl) contained 0.25 
pg of poly(dI-dC) (Amersham Pharmacia Biotech) and 
20,000 rpm of 32P-labeled DNA probe in binding buffer 
consisting of 5 mM EDTA, 20% Ficoll, 5 mM DTT, 300 mM 
KCl and 50 mM HEPES. The binding reaction Was started by 
the addition of cell extracts (10 pg) and Was continued for 30 
minutes at room temperature. The DNA-protein complex Was 
resolved from free oligonucleotide by electrophoresis in a 6% 
polyacrylamide gel. The gels Were dried and exposed to x-ray 
?lms. 

[0118] The transcription factor NFKB participates in the 
transcriptional regulation of a variety of genes. Nuclear pro 
tein extracts Were prepared from LPS and peptide-treated 
RAW264.7 cells or from LPS-treated RAW264.7 cells. In 
order to determine Whether the peptide modulates the trans 
location of NFKB into the nucleus, on these extracts EMSA 
Was performed. Here We see that indeed peptides are able to 
modulate the translocation of NFKB since the amount of 
labeled oligonucleotide for NFKB is reduced. In this experi 
ment peptides that shoW the modulation of translocation of 
NFKB are: VLPALPQVVC (SEQ ID NO:21), LQGVL 
PALPQ (SEQ ID NO:22), LQG, LQGV (SEQ ID NO:1), 
GVLPALPQ (SEQ ID NO:23), VLPALP (SEQ ID NO:4), 
VLPALPQ (SEQ ID NO:l3), GVLPALP (SEQ ID NO:l6), 
VVC, MTRV (SEQ ID NO:20), MTR. 
[0119] RAW 264.7 mouse macrophages Were cultured in 
DMEM, containing 10% or 2% FBS, penicillin, streptomycin 
and glutamine, at 37° C., 5% CO2. Cells Were seeded in a 
l2-Wells plate (3x106 cells/ml) in a total volume of 1 ml for 
tWo hours and then stimulated With LPS (E. coli 026:B6; 
Difco Laboratories, Detroit, Mich., USA) and/or gene-regu 
latory peptide (1 microgr/ml).After 30 minutes of incubation, 
plates Were centrifuged and cells Were collected for nuclear 
extracts. Nuclear extracts and EMSA Were prepared accord 
ing to Schreiber et al. Cells Were collected in a tube and 
centrifuged for ?ve minutes at 2000 rpm (rounds per minute) 
at 4° C. (Universal 30 RF, Hettich Zentrifuges). The pellet 
Was Washed With ice-cold Tris buffered saline (TBS pH 7.4) 
and resuspended in 400 pl of a hypotonic buffer A (10 mM 
HEPES pH 7.9, 10 mM KCl, 0.1 mM EDTA, 0.1 mM EGTA, 
1 mM DTT, 0.5 mM PMSF and protease inhibitor cocktail 
(CompleteTM Mini, Roche) and left on ice for 15 minutes. 
TWenty-?ve microliters 10% NP-40 Was added and the 
sample Was centrifuged (tWo minutes, 4000 rpm, 40 C.). The 
supernatant (cytoplasmic fraction) Was collected and stored 
at —70° C. The pellet, Which contains the nuclei, Was Washed 
With 50 pl bufferA and resuspended in 50 pl buffer C (20 mM 
HEPES pH 7.9, 400 mM NaCl, 1 mM EDTA, 1 mM EGTA, 
1 mM DTT, 0.5 mM PMSF and protease inhibitor cocktail 
and 10% glycerol). The samples Were left to shake at 4° C. for 
at least 60 minutes. Finally the samples Were centrifuged and 
the supernatant (nucleic fraction) Was stored at —70° C. 
[0120] Bradford reagent (Sigma) Was used to determine the 
?nal protein concentration in the extracts. For electrophoretic 
mobility shift assays an oligonucleotide representing NFKB 
binding sequence (5'-AGC TCA GAG GGG GAC TTT CCG 
AGA G-3' (SEQ ID NO:28)) Was synthesiZed. One hundred 
pico mol sense and antisense oligo Were annealed and labeled 
With y-32P-dATP using T4 polynucleotide kinase according 
to the manufacturer’s instructions (Promega, Madison, Wis.). 
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Nuclear extract (5 to 7.5 pg) Was incubated for 30 minutes 
With 75000 cpm probe in binding reaction mixture (20 micro 
liters) containing 0.5 pg poly dI-dC (Amersham Pharmacia 
Biotech) and binding buffer BSB (25 mM MgCl2, 5 mM 
CaCl2, 5 mM DTT and 20% Ficoll) at room temperature. The 
DNA-protein complex Was resolved from free oligonucle 
otide by electrophoresis in a 4 to 6% polyacrylamide gel (150 
V, tWo to four hours). The gel Was then dried and exposed to 
x-ray ?lm. The transcription factor NFKB participates in the 
transcriptional regulation of a variety of genes. Nuclear pro 
tein extracts Were prepared from either LPS (1 mg/ml), pep 
tide (1 mg/ml) or LPS in combination With peptide-treated 
and untreated RAW264 .7 cells. In order to determine Whether 
the peptides modulate the translocation of NFKB into the 
nucleus, on these extracts EMSA Was performed. Peptides are 
able to modulate the basal as Well as LPS-induced levels of 
NFKB. In this experiment peptides that shoW the inhibition of 
LPS-induced translocation of NFKB are: VLPALPQVVC 
(SEQ ID NO:21), LQGVLPALPQ (SEQ ID NO:22), LQG, 
LQGV (SEQ ID NO:l), GVLPALPQ (SEQ ID NO:23), 
VLPALP (SEQ ID NO:4), VVC, MTR and circular LQGV 
LPALPQVVC (SEQ ID NO: 17). Peptides that in this experi 
ment promote LPS-induced translocation of NFKB are: 

VLPALPQ (SEQ ID NO:l3), GVLPALP (SEQ ID NO:16) 
and MTRV (SEQ ID NO:20). Basal levels of NFKB in the 
nucleus Was decreased by VLPALPQVVC (SEQ ID NO:2l), 
LQGVLPALPQ (SEQ ID NO:22), LQG and LQGV (SEQ ID 
NO:l) While basal levels of NFKB in the nucleus Was 
increased by GVLPALPQ (SEQ ID NO:23), VLPALPQ 
(SEQ ID NO: 1 3), GVLPALP (SEQ ID NO: 1 6), VVC, MTRV 
(SEQ ID NO:20), MTR and LQGVLPALPQVVC (SEQ ID 
NO:2 l ). In other experiments, QVVC also shoWed the modu 
lation of translocation of NFKB into nucleus (data not 
shoWn). 

Further Modes of Identi?cation of Gene-Regulatory Peptides 
by NFKB Analysis 

[0121] Cells: Cells Will be cultured in appropriate culture 
medium at 37° C., 5% CO2. Cells Will be seeded in a 12-well 
plate (usually l><l06 cells/ml) in a total volume of 1 ml for tWo 
hours and then stimulated With regulatory peptide in the pres 
ence or absence of additional stimuli such as LPS. After 30 
minutes of incubation, plates Will be centrifuged and cells are 
collected for cytosolic or nuclear extracts. 

[0122] Nuclear Extracts: Nuclear extracts and EMSA could 
be prepared according to Schreiber et al., Method (Schreiber 
et al. 1989, NucleicAcids Research 17). Cells are collected in 
a tube and centrifuged for ?ve minutes at 2000 rpm (rounds 
per minute) at 4° C. (Universal 30 RF, Hettich Zentrifuges). 
The pellet is Washed With ice-cold Tris buffered saline (TBS 
pH 7.4) and resuspended in 400 pl of a hypotonic bufferA (10 
mM HEPES pH 7.9, 10 mM KCl, 0.1 mM EDTA, 0.1 mM 
EGTA, 1 mM DTT, 0.5 mM PMSF and protease inhibitor 
cocktail (CompleteTM Mini, Roche) and left on ice for 15 
minutes. TWenty-?ve microliters 10% NP-40 is added and the 
sample is centrifuged (tWo minutes, 4000 rpm, 4° C.). The 
supernatant (cytoplasmic fraction) Was collected and stored 
at —70° C. for analysis. The pellet, Which contains the nuclei, 
is Washed With 50 pl bufferA and resuspended in 50 pl buffer 
C (20 mM HEPES pH 7.9, 400 mM NaCl, 1 mM EDTA, 1 
mM EGTA, 1 mM DTT, 0.5 mM PMSF and protease inhibitor 
cocktail and 10% glycerol). The samples are left to shake at 4° 
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C. for at least 60 minutes. Finally the samples are centrifuged 
and the supernatant (nucleic fraction) is stored at —70° C. for 
analysis. 
[0123] Bradford reagent (Sigma) could be used to deter 
mine the ?nal protein concentration in the extracts. 
[0124] EMSA: For Electrophoretic mobility shift assays, 
an oligonucleotide representing NFKB-binding sequence 
such as (5'-AGC TCA GAG GGG GAC TTT CCG AGA G-3' 
(SEQ ID NO:28)) are synthesiZed. One hundred pico mol 
sense and antisense oligo are annealed and labeled W1IhY-3 2P 
dATP using T4 polynucleotide kinase according to the manu 
facturer’s instructions (Promega, Madison, Wis.). Cytosolic 
extract or nuclear extract (5-7.5 pg) from cells treated With 
regulatory peptide or from untreated cells is incubated for 30 
minutes With 75,000 cpm probe in binding reaction mixture 
(20 pl) containing 0.5 pg poly dI-dC (Amersham Pharmacia 
Biotech) and binding buffer BSB (25 mM MgCl2, 5 mM 
CaCl2, 5 mM DTT and 20% Ficoll) at room temperature. Or 
cytosolic and nuclear extract from untreated cells or from 
cells treated With stimuli could also be incubated With probe 
in binding reaction mixture and binding buffer. The DNA 
protein complexes are resolved from free oligonucleotide by 
electrophoresis in a 4 to 6% polyacrylamide gel (150V, tWo to 
four hours). The gel is then dried and exposed to x-ray ?lm. 
Peptides can be biotinylated and incubated With cells. Cells 
are then Washed With phosphate-buffered saline, harvested in 
the absence or presence of certain stimulus (LPS, PHA, TPA, 
anti-CD3, VEGF, TSST-1, VIP or knoW drugs etc.). After 
culturing, cells are lysed and cells lysates (Whole lysate, cyto 
solic fraction or nuclear fraction) containing 200 micrograms 
of protein are incubated With 50 microliters Neutr-Avidin 
plus beads for one hour at 40 C. With constant shaking. Beads 
are Washed ?ve times With lysis buffer by centrifugation at 
6000 rpm for one minute. Proteins are eluted by incubating 
the beads in 0.05 N NaoH for one minute at room temperature 
to hydrolyZe the protein-peptide linkage and analyZed by 
SDS-polyacrylamide gel electrophoresis folloWed by immu 
noprecipitated With agarose-conjugated anti-NFKB subunits 
antibody or immunoprecipitated With antibody against the to 
be studied target. After hydrolyZing the protein-peptide link 
age, the sample could be analyZed on HPLS and mass-spec 
trometry. Puri?ed NFKB subunits or cell lysate interaction 
With biotinylated regulatory peptide can be analyZed on bio 
sensor technology. Peptides can be labeled With FITC and 
incubated With cells in the absence or presence of different 
stimulus. After culturing, cells can be analyZed With ?uores 
cent microscopy, confocal microscopy, ?oW cytometry (cell 
membrane staining and/or intracellular staining) or cells 
lysates are made and analyZed on HPLC and mass-spectrom 
etry. NFKB-transfected (reporter gene assay) cells and gene 
array technology can be used to determine the regulatory 
effects of peptides. 
[0125] HPLC and mass-spectrometry analysis: Puri?ed 
NFKB subunit or cytosolic/nuclear extract is incubated in the 
absence or presence of (regulatory) peptide is diluted (2:1) 
With 8 N guanidinium chloride and 0.1% tri?uoroacetic acid, 
injected into a reverse-phase HPLC column (V ydac C18) 
equilibrated With solvent A (0.1% tri?uoroacetic acid), and 
eluted With a gradient of 0 to 100% eluant B (90% acetonitrile 
in solvent A). Factions containing NFKB subunit are pooled 
and concentrated. Fractions are then dissolved in appropriate 
volume and could be analyZed on mass-spectrometry. 

Example 
[0126] The invention in particular relates to the, preferably 
oral, treatment of neurological disorders or so called neu 
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roimmune disorders such as schizophrenia, manic depression 
and other bipolar disorders, post-partum psychosis, autism, 
chronic fatigue syndrome (CFS), ?bromyalgia, AlZheimer’s, 
mood disorders and certain forms of stress. Although there 
are major differences in etiology and mechanisms of patho 
genesis of each of these syndromes and or diseases, there are 
in fact common in?ammatory and immunomodulatory path 
Ways that are shared Within the pathogenesis of neurological 
disorders. 

[0127] Evidence of immune abnormalities in patients suf 
fering from psychological disease clearly shoWs the implica 
tion of the immune system in pathogenesis. Neuroimmune 
disorders have become recogniZed as common pathogenetic 
factors in the development of psycho- or neuropathologies. 
The neurochemical and immunologic ?ndings indicate mul 
tiple pathWays of the pathogenesis; herein, We discuss the role 
of in?ammatory disease in neurological disorders. For 
example, chronic fatigue syndrome is a condition that affects 
Women in disproportionate numbers, and that is often exac 
erbated in the premenstrual period and folloWing physical 
exertion. The signs and symptoms, Which include fatigue, 
myalgia, and loW-grade fever, are similar to those experi 
enced by patients infused With cytokines such as interleukin 
1. In general, during the development of a neuroimmune 
disorder, the TNF-ot family and other pro-in?ammatory 
cytokines are highly elevated in cerebrospinal ?uid (CSF), 
demonstrative of foci of in?ammation in the brain leading to 
an array of destructive and degenerative responses directed at 
diverse areas in the CNS. Maj or mood disorders are leading 
causes of disability from early adolescence onWard and lead 
ing sources of disease burden, surpassing cardiovascular dis 
eases, dementia, lung cancer and diabetes. As said, there is a 
major role for in?ammatory cytokines and immune cells in 
the pathophysiology of mood disorders, it Was recently also 
found that T-cells and monocytes function at a higher, pro 
in?ammatory level in patients With bipolar disorder. Success 
ful therapy of these destructive and degenerative disorders 
that affect the adult human central nervous system (CNS) Will 
require the ability both to reduce the rate and extent of tissue 
injury, and to restore or replace destroyed tissue. Neuroim 
aging studies have shoWn that functional organiZation occurs 
spontaneously in the adult human brain in response to tissue 
insults. The extent of this compensatory mechanism may be 
limited, necessitating development of active methods of inter 
vention. Replacement of a single neurotransmitter, neurohor 
mone or trophic factor may su?ice if the injury is limited or 
effected as a suppression or altered pathWay Within the CNS 
through proin?ammatory regulators. The hippocampus is a 
source for mitotically active neuronal progenitor cells Which 
can hypothetically replace neurons and myelinating cells. It is 
the control of these cells and the health and activity of other 
cells Which offers neW insight and hope of treating heretofore 
chronic CNS disease. It is areas such as cells in the adult 
human dentate gyrus Which may be part of the key to control 
ling immunomodulation and groWth support of the brain and 
its diverse functions Which span from memory and cognition 
to its endocrine and immunologic activities. As With all com 
plex traits, a neurological disorder results from an interplay 
betWeen as yet unidenti?ed environmental factors and sus 
ceptibility genes. Together, these factors trigger a cascade of 
events, involving engagement of the immune system, acute 
in?ammatory injury of the central nervous system, notably 
axons and glia, recovery of function and structural repair, 
post-in?ammatory gliosis, and neurodegeneration. The 
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sequential involvement of these processes underlies the clini 
cal course characterized by episodes With recovery inter 
changed With episodes leaving persistent de?cits, episodes 
Which We generally call psychological disorders. 

[0128] For a more detailed example, although there are 
several forms of autism (Which often present themselves 
already at birth) Which may have clear genetic etiologies, the 
most common forms hoWever occur long after normal births 
and are associated With proin?ammatory cytokine dysregu 
lation. According to recent epidemiological surveys, autistic 
spectrum disorders have become recognized as common 
childhood psychopathologies. These life-lasting conditions 
demonstrate a strong genetic determinant consistent With a 
polygenic mode of inheritance for Which several autism sus 
ceptibility regions have been identi?ed. Parallel evidence of 
immune abnormalities in autistic patients argues for an impli 
cation of the immune system in pathogenesis. This introduc 
tion summarizes advances in the molecular genetics of 
autism, as Well as recently emerging concerns addressing the 
disease incidence and triggering factors. The neurochemical 
and immunologic ?ndings are analyzed in the context of a 
neuroimmune hypothesis for speci?c neurological disorders. 
For example, pregnancy and the post partum period are 
important modulators of the immune system and the immune 
suppression in pregnancy is folloWed by an immune activa 
tion in the puerperium. In another example, autism is in?u 
enced by speci?c food allergies or even the early use of 
vaccines Which may cause changes in the regulation of innate 
or acquired immunity and set up neuroendocrine dysfunction. 
Also, neurological disorders are often associated With 
autoimmune disorders in the patients’ relatives. A. M. Comi et 
al. (.1. Child Neurol. 1999 June; 14(6):388-94) evaluated the 
frequency of autoimmune disorders, as Well as various pre 
natal and postnatal events in autism, and surveyed the fami 
lies of 61 autistic patients and 46 healthy controls using 
questionnaires. The mean number of autoimmune disorders 
Was greater in families With autism; 46% had tWo or more 
members With autoimmune disorders. As the number of fam 
ily members With autoimmune disorders increased from one 
to three, the risk of autism Was greater, With an odds ratio that 
increased from 1.9 to 5.5, respectively. In mothers and ?rst 
degree relatives of autistic children, there Were more autoim 
mune disorders (16% and 21%) as compared to controls (2% 
and 4%), With odds ratios of 8.8 and 6.0, respectively. The 
most common autoimmune disorders in both groups Were 
type 1 diabetes, adult rheumatoid arthritis, hypothyroidism, 
and systemic lupus erythematosus. Forty-six percent of the 
autism group reported having relatives With rheumatoid dis 
eases, as compared to 26% of the controls. Prenatal maternal 
urinary tract, upper respiratory, and vaginal infections; 
asphyxia; prematurity, and seizures Were more common in 
the autistic group, although the differences Were not signi? 
cant. Thirty-nine percent of the controls, but only 11% of the 
autistic group, reported allergies. The increased number of 
autoimmune disorders shoWs that in autism, immune dys 
function interacts With various environmental factors to play 
a role in autism pathogenesis. According to S. B. Edelson and 
D. S. Cantor (Toxicol. Ind. Health 1998 July-August; 14(4): 
553-63) the advances in medical technology during the last 
four decades have provided evidence for an underlying neu 
rological basis for autism. The etiology for the variations of 
neurofunctional anomalies found in the neurological disorder 
spectrum behaviors appears inconclusive as of this date but 
groWing evidence supports the proposal that chronic expo 
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sure to toxic agents, i.e., xenobiotic agents, resulting in a 
in?ammatory reaction directed toWards a developing central 
nervous system may be the best model for de?ning the physi 
ological and behavioral data found in these populations. Also, 
an examination of 18 autistic children in blood analyses that 
Were available shoWed that 16 of these children shoWed evi 
dence of levels of toxic chemicals exceeding adult maximum 
tolerance. In the tWo cases Where toxic chemical levels Were 

not found, there Was abnormal D-glucaric acid ?ndings sug 
gesting abnormal xenobiotic in?uences on liver detoxi?ca 
tion processes. A proposed mechanism for the interaction of 
xenobiotic toxins With immune system dysfunction and con 
tinuous and/or progressive endogenous toxicity is presented 
as it relates to the development of behaviors found in the 
autistic spectrum. H. Jyonouchi et al. (.I. Neuroimmunol. 2001 
Nov. 1; 120(1-2): 170-9) determined innate and adaptive 
immune responses in children With developmental regression 
and autism spectrum disorders (ASD, N:71), developmen 
tally normal siblings (N:23), and controls (N :1 7), and found 
a clear relationship betWeen proin?ammatory and regulatory 
cytokine production associated With innate and adaptive 
immune responses in children With autism spectrum disor 
ders and developmental regression. With lipopolysaccharide 
(LPS), a stimulant for innate immunity, peripheral blood 
mononuclear cells (PBMCs) from 59/71 (83.1%) ASD 
patients produced >2 SD above the control mean (CM) values 
of TNF-ot, IL-1[3, and/or IL-6 produced by control PBMCs. 
ASD PBMCs produced higher levels of proin?ammatory/ 
counter-regulatory cytokines Without stimuli than controls. 
With stimulants of phytohemagglutinin (PHA), tetanus, 
IL-12p70, and IL-18, PBMCs from 47.9% to 60% ofASD 
patients produced >2 SD above the CM values of TNF-ot 
depending on stimulants. These results indicate excessive 
innate immune responses as a result of NFKB-induced cytok 
ine expression in a number of ASD children that is most 
evident in TNF-ot production. Furthermore, according to S. 
Messahel et al. (Neurosci. Le”. 1998 Jan. 23; 241(1):17-20) 
the pterins, neopterin and biopterin, occur naturally in body 
?uids including urine. It is Well established that increased 
neopterin levels are associated With activation of the cellular 
immune system and that reduced biopterins are essential for 
neurotransmitter synthesis. It has been also been suggested 
that some autistic children may be suffering from an autoim 
mune disorder. To investigate this further, the above authors 
performed high performance liquid chromatography analy 
ses of urinary pterins in a group of pre-school autistic chil 
dren, their siblings and age-matched control children. Both 
urinary neopterin and biopterin Were raised in the autistic 
children compared to controls and the siblings shoWed inter 
mediate values. 

[0129] As yet another example, the chronic fatigue syn 
drome (CFS) is a clinically de?ned condition characterized 
by severe disabling fatigue and a combination of symptoms 
that prominently features self-reported impairments in con 
centration and short-term memory, sleep disturbances, and 
musculoskeletal pain. Heretofore, the diagnosis of the 
chronic fatigue syndrome could only be made after other 
medical and psychiatric causes of chronic fatiguing illness 
Were excluded. No pathognomonic signs or clear diagnostic 
tests for this condition have yet been validated. Thus far, no 
de?nitive treatment exists. Recent longitudinal studies sug 
gest that some persons affected by the chronic fatigue syn 
drome improve With time but that most remain functionally 
impaired for several years. CFS is characterized by debilitat 


































