
IMMUNOSUPPRESSIVE COMPOSITION FOR USE IN TREATING 

IMMUNOLOGICAL DISORDERS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] 	This application claims the benefit of priority of Singapore provisional application No. 

10201606949Q, filed 19 August 2016, the contents of it being hereby incorporated by reference 

in its entirety for all purposes. 

FIELD OF THE INVENTION 

[0002] 	The present invention relates generally to the field of molecular biology. In particular, 

the present invention relates to compositions for the treatment of immunological disorders. 

BACKGROUND OF THE INVENTION 

[0003] 	Mesenchymal stromal cell (MSC) therapy has been shown to be effective in, for 

example, modulating immunological disorders, alloimmune disease (graft versus host disease 

(GVHD) after allogeneic hematopoietic cell transplantations) and autoimmune diseases systemic 

lupus erythematosus (SLE), lupus nephritis, type-I diabetes mellitus, systemic sclerosis, 

inflammatory bowel disease (IBD), Crohn's disease, etc.). However, MSC therapy trials still face 

challenges regarding unforeseen long-term complications, potential tumorigenicity and 

uncontrolled differentiation to unwanted cells or tissue types. Also, the use of human 

mesenchymal stromal cells raises the question of the equivalence of cells isolated from different 

sources and using different expansion methods. 

[0004] 	Therefore, there is a need for a replacement for mesenchymal stromal cell (MSC) 

therapy for the treatment of immunological diseases. 

SUMMARY 

[0005] 	In one aspect, the present invention refers to a pharmaceutical composition comprising 

at least one antibody and at least one mesenchymal stromal cell-derived protein, wherein the 

antibody targets one or more of the cytokines selected from the group consisting of macrophage 

colony-stimulating factor (M-CSF), Interleukin- lbeta (IL-1(3), CCL-1 (1-309) and CCL24 

(Eotaxin-2); wherein the mesenchymal stromal cell-derived protein is selected from the group 

consisting of PGE2 (prostaglandin E2), OPG, CCL7 (MCP-2), CCL8 (MCP-3), CCL20 (MIP-

3a), CXCL5 (ENA-78), IL-10 and CXCL6 (GCP-2). 
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[0006] 	In one example, the present application discloses the pharmaceutical composition 

described herein, wherein the pharmaceutical composition is as shown in the table below: 

Composition 

C2a CXCL5; anti-CCL1; anti-ILlb; anti-M-CSF; anti-CCL24 

C3a CCL8; CCL7; OPG; IL-10; anti-CCL24 

C4a CCL8; CCL7; OPG; IL-10; CXCL5; anti-CCL1; anti-ILlb; anti-M-

CSF 

C5a CCL20; CXCL6; OPG; IL-10; anti-ILlb; anti-M-CSF 

C6a CCL20; CXCL6; OPG; IL-10; CXCL5; anti-CCL1; anti-CCL24 

C7a CCL20; CXCL6; CCL8; CCL7; anti-ILlb; anti-M-CSF; anti-CCL24 

C8a CCL20; CXCL6; CCL8; CCL7; CXCL5; anti-CCL1 

C9a PGE2; CXCL6; CCL7; IL-10; anti-CCL1; anti-M-CSF 

ClOa PGE2; CXCL6; CCL7; IL-10; CXCL5; anti-ILlb; anti-CCL24 

Cl la PGE2; CXCL6; CCL8; OPG; anti-CCL1; anti-M-CSF; anti-CCL24 

C12a PGE2; CXCL6; CCL8; OPG; CXCL5; anti-ILlb 

C13a PGE2; CCL20; CCL7; OPG; anti-CCL1; anti-ILlb 

Cl4a PGE2; CCL20; CCL7; OPG; CXCL5; anti-M-CSF; anti-CCL24 

C15a PGE2; CCL20; CCL8; IL-10; anti-CCL1; anti-ILlb; anti-CCL24 

C16a PGE2; CCL20; CCL8; IL-10; CXCL5; anti-M-CSF 

C17a CXCL5; CXCL6; anti-CCL1; CCL20 

C18a IL-10; OPG; anti-CCL1; CCL20 

Cl9a IL-10; OPG; CXCL5; CXCL6 

C20a anti-CCL24; OPG; CXCL6; CCL20 

C21a anti-CCL24; OPG; CXCL5; anti-CCL1 

C22a anti-CCL24; IL-10; CXCL6; anti-CCL1 

C23a anti-CCL24; IL-10; CXCL5; CCL20 

C28a anti-CCL1; anti-CCL24 

C29a anti-CCL1; OPG 

C30a anti-CCL1; CXCL5 

C31a anti-CCL24; OPG 
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C32a anti-CCL24; CXCL5 

C33a OPG; CXCL5 

C34a anti-CCL1; anti-CCL24; OPG 

C35a anti-CCL1; anti-CCL24; CXCL5 

C36a anti-CCL1; OPG; CXCL5 

C37a anti-CCL24; OPG; CXCL5 

C38a anti-CCL1; anti-CCL24; OPG; CXCL5 

[0007] 	In another example, the present application discloses the pharmaceutical composition 

as described herein, wherein the pharmaceutical composition comprises CXCL5 and an anti-

CCL24 antibody (C32a). 

[0008] 	In yet another example, the present application discloses the pharmaceutical 

composition as described herein, wherein the antibody is present in a concentration of about 

0.05µg/m1 to about 5µg/ml. 

[0009] 	In a further example, the present application discloses the pharmaceutical composition 

as described herein, wherein the antibody is present in a concentration of about liag/m1 or about 

2µg/ml. 

[0010] 	In one example, the present application discloses the pharmaceutical composition as 

described herein, wherein the mesenchymal stromal cell-derived protein is present in a 

concentration of about 0.5ng/ml to about 75ng/ml. 

[0011] 	In another example, the present application discloses the pharmaceutical composition 

as described herein, wherein the mesenchymal stromal cell-derived protein is present in a 

concentration of about 1 Ong/ml or 5Ong/ml. 

[0012] In another aspect, the present invention refers to a method of treating an immunological 

disorder, the method comprising administration of a pharmaceutical composition comprising at 

least one antibody and/or at least one mesenchymal stromal cell-derived protein, wherein the 

antibody targets one or more of the cytokines selected from the group consisting of macrophage 

colony-stimulating factor (M-CSF), Interleukin-lbeta (IL-1(3), CCL-1 (I-309) and CCL24 

(Eotaxin-2); wherein the mesenchymal stromal cell-derived protein is selected from the group 

consisting of PGE2 (prostaglandin E2), OPG, CCL7 (MCP-2), CCL8 (MCP-3), CCL20 (MIP-

3a), CXCL5 (ENA-78), IL-10 and CXCL6 (GCP-2). 
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[0013] 	In yet another aspect, the present invention refers to a method of modulating the 

immune system, the method comprising administration of a pharmaceutical composition as 

described herein. 

[0014] 	In one example, the present application discloses the method described herein, 

wherein the pharmaceutical composition is as shown in the table below: 

Composition 

C2a CXCL5; anti-CCL1; anti-ILlb; anti-M-CSF; anti-CCL24 

C3a CCL8; CCL7; OPG; IL-10; anti-CCL24 

C4a CCL8; CCL7; OPG; IL-10; CXCL5; anti-CCL1; anti-ILlb; anti-M-

CSF 

C5a CCL20; CXCL6; OPG; IL-10; anti-ILlb; anti-M-CSF 

C6a CCL20; CXCL6; OPG; IL-10; CXCL5; anti-CCL1; anti-CCL24 

C7a CCL20; CXCL6; CCL8; CCL7; anti-ILlb; anti-M-CSF; anti-CCL24 

C8a CCL20; CXCL6; CCL8; CCL7; CXCL5; anti-CCL1 

C9a PGE2; CXCL6; CCL7; IL-10; anti-CCL1; anti-M-CSF 

ClOa PGE2; CXCL6; CCL7; IL-10; CXCL5; anti-ILlb; anti-CCL24 

Cl la PGE2; CXCL6; CCL8; OPG; anti-CCL1; anti-M-CSF; anti-CCL24 

C12a PGE2; CXCL6; CCL8; OPG; CXCL5; anti-ILlb 

C13a PGE2; CCL20; CCL7; OPG; anti-CCL1; anti-ILlb 

Cl4a PGE2; CCL20; CCL7; OPG; CXCL5; anti-M-CSF; anti-CCL24 

C15a PGE2; CCL20; CCL8; IL-10; anti-CCL1; anti-ILlb; anti-CCL24 

C16a PGE2; CCL20; CCL8; IL-10; CXCL5; anti-M-CSF 

C17a CXCL5; CXCL6; anti-CCL1; CCL20 

C18a IL-10; OPG; anti-CCL1; CCL20 

Cl9a IL-10; OPG; CXCL5; CXCL6 

C20a anti-CCL24; OPG; CXCL6; CCL20 

C21a anti-CCL24; OPG; CXCL5; anti-CCL1 

C22a anti-CCL24; IL-10; CXCL6; anti-CCL1 

C23a anti-CCL24; IL-10; CXCL5; CCL20 

C24a anti-CCL1 
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C25a anti-CCL24 

C26a OPG 

C27a CXCL5 

C28a anti-CCL1; anti-CCL24 

C29a anti-CCL1; OPG 

C30a anti-CCL1; CXCL5 

C31a anti-CCL24; OPG 

C32a anti-CCL24; CXCL5 

C33a OPG; CXCL5 

C34a anti-CCL1; anti-CCL24; OPG 

C35a anti-CCL1; anti-CCL24; CXCL5 

C36a anti-CCL1; OPG; CXCL5 

C37a anti-CCL24; OPG; CXCL5 

C38a anti-CCL1; anti-CCL24; OPG; CXCL5 

[0015] 	In another example, the present application discloses the method as described herein, 

wherein the pharmaceutical composition comprises CXCL5 and an anti-CCL24 antibody (C32a). 

[0016] 	In yet another example, the present application discloses the method as described 

herein, wherein the immunological disorder is an alloimmune disease or an autoimmune disease. 

[0017] 	In a further example, the present application disclose the method as described herein, 

wherein the alloimmune disease is selected from the group consisting of graft versus host disease 

(GVHD) after allogeneic hematopoietic cell transplantations, alloimmune disease resulting from 

skin transplant, alloimmune disease resulting from kidney transplant, alloimmune disease 

resulting from liver transplant, and hemolytic disease of the foetus and newborn. 

[0018] 	In yet another example, the present application discloses the method as described 

herein, wherein the autoimmune disease is selected from the group consisting of systemic lupus 

erythematosus (SLE), lupus nephritis, type-I diabetes mellitus, systemic sclerosis, inflammatory 

bowel disease (IBD) and Crohn's disease. 

[0019] 	In a further example, the present application discloses the method as disclosed herein, 

wherein the pharmaceutical composition results in a decrease in the concentration of one or more 
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of the circulating pro-inflammatory cytokines selected from the group consisting of IFN-y, IL-6, 

IL-17A, IL-8, MIP-1/3 and MCP-1 in the subject. 

[0020] 	In one example, the present invention discloses the method as described herein, 

wherein the pharmaceutical composition results an increase or a decrease in the concentration of 

at least one mesenchymal stromal cell-derived protein in a subject results in an 

immunosuppressive effect, wherein the mesenchymal stromal cell-derived protein is selected 

from the group consisting of PGE2 (prostaglandin E2), OPG, CCL7, CCL8, CCL20, IL-10, 

CXCL5, CXCL6, M-CSF, IL-10, CCL-1 and CCL24. 

[0021] 	In a further aspect, the present invention refers to a kit comprising at least one 

antibody and at least one mesenchymal stromal cell-derived protein as defined herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] 	The invention will be better understood with reference to the detailed description 

when considered in conjunction with the non-limiting examples and the accompanying drawings, 

in which: 

[0023] 	Figure 1 shows a column graph with data indicating that the immunosuppressive 

effect of BM-MSC is mainly attributable to soluble factors. Mixed lymphocyte reaction (MLR) 

experiments were initiated with 1.6x105  of two HLA-mismatched UCB-MNCs at 15:1 E/T ratio 

for 20 hours. Cell mediated cytotoxicity was determined by LDH detection. Transwell inserts 

with a pore size of Num were used. The different distance between insert and well bottom was 

varied. Results were expressed as mean ± S.D. For multiple comparisons, Bonferroni's test was 

used to correct the p-value for t-test (* p<0.05; ** p <0.01; *** p<0.001). 

[0024] 	Figure 2 shows images of a cytokine antibody array assay, whereby supernatant from 

cultures of MLR, BM-MSCs and MLR with BM-MSCs was collected and applied on Raybio 

human cytokine antibody array G series 1000 (containing 120 kinds of cytokines antibody) 

according to the manufacturer's instructions. Incubated slides were scanned and analysed by 

Axon Genepix 6.1. Positive and negative control wells were marked by white boxes, while wells 

with more than 3-fold change in protein expression level were marked by grey box (upregulated) 

and black box (downregulated). 

[0025] 	Figure 3 shows dose response curves showing the determination of the optimal 

working concentration of each factor. (A-C) Dose response curves of upregulated factors. (D) 
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Dose response curves of antibodies against downregulated factors. The titration was carried out 

on MLR system with 15:1 E/T ratio for 20 hours. Cell mediated cytotoxicity was determined by 

LDH detection. Results were expressed as mean ± S.D. 

[0026] 	Figure 4 shows column graphs depicting data of the efficacy of the combination of 

determined factors used in optimal soluble factor cocktails, which was determined by serial 

factorial design experiments (FDs). (A) The full panel of 12 factors were screened in a 212  

factional FD (n=1). Condition-6 (C6) containing 7 factors was more effective than full panel 

control and MSC physical contact in repressing cell mediated cytotoxicity (p<0.05). (B) A 

second 27  fractional FD identified C6 with 4 factors was even more effective than full panel 

control in repressing cell mediated cytotoxicity (n=3, p<0.05). (C) These 4 factors were further 

tested in a 24  full FD (n=2). C10 containing two factors-CXCL5 and anti-CCL24 antibody 

exhibited equivalent effect in repressing cell mediated cytotoxicity as compared to 4 factor full 

panel control. Results were expressed as mean ± S.E. when n>2. Results were expressed as mean 

± S.D. when n<2. 

[0027] 	Figure 5 shows line graphs depicting the relative weight change, side effect on 

neutrophil and red blood cell count and toxicity in liver and kidney when mice were treated with 

CXCL5 and anti-CCL24 antibody. (A) Body weight changes. NSG mice were treated with 

CXCL5 and anti-CCL24 antibody twice weekly with gradually increasing dose (3 mice were 

used in each group). (B & C) Side effect on neutrophil and red blood cell count. ICR mice 

treated with dPBS, CXCL5 and anti-CCL24 antibody were bled and a blood count was 

performed on dayl, day3, day7 and dayl4 post-treatment (4 male mice were used for each 

group). (D & E & F) Liver and kidney toxicity. ICR mice were treated with dPBS, CXCL5 and 

anti-CCL24 antibody on day0, day4 and day7. Mice peripheral blood by cheek bleeding and 

urine were harvested on dayl, day5 and day8. Alanine transaminase (ALT) and aspartate 

transaminase (AST or SGOT) concentration in plasma were determined by ALT and AST 

activity assay kit. Both alanine transaminase and aspartate transaminase are enzyme associated 

with the liver and are therefore used as clinical marker for liver health. Albumin creatinine ratio 

(ACR) in urine was determined by Mouse Albumin ELISA kit and Jaffe's reaction using 

Creatinine Colorimetric Assay kit (3 female ICR mice were used for each group). 

[0028] 	Figure 6 shows line graphs depicting data showing that the 2F cocktail treatment 

(anti-CCL24 antibody and CXCL5) ameliorated GVHD symptoms and prolonged survival. (A) 
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Clinical scores and (B) Survival curve with mice in moderate GVHD (n=5; Napus=28 mice, 

N2F=21 mice, Nmsc=21 mice, NCSA=23  mice). (C) Clinical scores and (D) Survival curve with 

mice in severe GVHD model (n=5; NdPBs=30 mice, N2F=21 mice, Nmsc=24 mice, NcsA=23 

mice). Results were expressed as mean ± SE. The overall trend difference between different 

treatments was compared by means of generalized estimating equation (GEE) model (* p<0.05; 

** p<0.005; *** p<0.001). 

[0029] 	Figure 7 shows line and scatter plots of data showing that the 2F cocktail (anti-CCL24 

antibody and CXCL5) suppresses the proliferation and differentiation of effector cells, but not 

affect HSCs reconstitution. (A) Effector cell population changes in peripheral blood are shown as 

line graphs. 30-40µ1 of mouse peripheral blood was harvested from the tail every 3 days from 

Day-18 onwards until Day-36 PT. Effector cell population changes was monitored by flow 

cytometry. Results were expressed as mean ± S.E. (n=5). (B) Cell population changes in spleen 

and bone marrow at Day-40 PT shown as scatter plots. Results were expressed as mean with 

95% CI. 

[0030] 	Figure 8 shows line graphs depicting data showing that the 2F cocktail (anti-CCL24 

antibody and CXCL5) was superior to MSCs and CsA in suppression of human pro-

inflammatory cytokines. Plasma isolated from mouse peripheral blood was used for protein assay 

by Luminex with a 17-plex human cytokine kit. Results were expressed as mean ± SD. The 

profile of different treatments was compared by means of a generalized estimating equation 

(GEE) model (*, p<0.0167; **, p<0.0033, for multiple comparisons). 

[0031] 	Figure 9 shows line graphs and Kaplan-Meier curves depicting data that showing a 

Synergistic effect observed in severe GVHD model. (A) Clinical scores and (B) Kaplan-Meier 

survival curve of mice with moderate GVHD (n=5; NdpBs=28 mice, N2F=21 mice, NcxcL5=23 

mice, Nanti-CCL24=23 mice). (C) Clinical scores and (D) Kaplan-Meier survival curve of mice with 

severe GVHD (n=5; NdPBs=30 mice, N2F=21 mice, NCXCLS=23  mice, Nanti-CCL24=1  8 mice). 

Results were expressed as mean ± SE. The overall trend difference between different treatments 

was compared by means of generalized estimating equation (GEE) model (* p<0.05; ** p<0.005; 

*** p<0.001). 

[0032] 	Figure 10 shows data indicating that a single factor was comparable to 2F cocktail in 

suppression of human effector cells proliferation and differentiation. (A) shows line graphs 

showing data that effector cell population changes in peripheral blood. 30-40u1 of mouse 
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peripheral blood was harvested from the tail every 3 days from Day-18 onwards until Day-36PT. 

Effector cell population changes was monitored by flow cytometry. Results were expressed as 

mean ± S.E. (n=5). (B) shows scatter plots of data points indicating cell population changes in 

spleen and bone marrow at Day-40 PT. Results were expressed as mean with 95% CI 

(confidence interval). 

[0033] 	Figure 11 provides data in the form of line curves, showing that either one of the 

components of the 2F cocktail was sufficient to suppress human pro-inflammatory cytokines. 

Plasma isolated from mouse peripheral blood was used for protein assay by Luminex with a 17-

plex human cytokine kit. Results were expressed as mean ± SD. The profile of different 

treatments was compared by means of a generalized estimating equation (GEE) model (*, 

p<0.0167; **, p<0.0033, for multiple comparisons). 

[0034] 	Figure 12 provides data showing that the 2F cocktail treatment attenuated SLE 

symptoms and prolonged survival. (A) shows Kaplan-Meier survival curves in mice treated with 

standard mesenchymal stromal cell treatment (MSC) or 2F cocktail (n=4; Nams=29  mice, 

N2F=18 mice, Nmsc=18 mice). (B) shows Kaplan-Meier survival curves in mice treated with 2F 

_ . cocktail or single factor (Ndpus=29  mice, N2F=18 mice, NcxcLs=14-  mice,  Nanti-cci_24=  10 mice). 

(C) shows Kaplan-Meier survival curves in mice treated with single or multiple MSC injection 

(Ndpus=29 mice,  Nmsc-s=18  mice,  Nmsc-m=23  mice). From (A) to (C), the significance is 

calculated by log-rank test as * p<0.05; ** p<0.01; *** p<0.001; N.S means no significant difference. 

(D) shows line graphs depicting data showing the plasma autoantibody concentration. Results 

were expressed as mean ± SD. (E) shows dot plots depicting data showing the 

lymphoproliferation reduction in FasiPr  mice (* p<0.05). (F) shows line graphs depicting data 

showing the urine albumin-to-creatinine ratio in Fasiw mice. Results were expressed as mean ± 

SD. (G) shows lymphocyte infiltration in kidney by haematoxylin and eosin (H&E) staining. (H) 

to (J) The average number of mesenteric lymph node, spleen and thymic effector cells in FasiPr  

mice after BM-MSCs and 2FC treatment. Results were expressed by scatter plot with mean value 

(* p<0.05; ** p<0.01; *** p<0.001). 

DETAILED DESCRIPTION OF THE PRESENT INVENTION 

[0035] 	While shown to be effective in modulating or treating immunological disorders, 

mesenchymal stromal cell (also known as mesenchymal stem cell) therapies come with their own 
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distinct set of unwanted side effects. Disclosed herein are methods and compositions for 

modulating immune responses, for example unforeseen long-term complications, potential 

tumorigenicity and uncontrolled differentiation to unwanted cells or tissues. 

[0036] 	As used herein, the term "immunological disorder" refers to disorders pertaining to an 

abnormal reaction of the immune system Immunological disorders can be classified into 

immunodeficiency, autoimmune disease and hypersensitivity. Thus, in one example, the 

immunological disorder is an alloimmune disease or an autoimmune disease. 

[0037] 	As used herein, the terms "alloimmune" or "alloimmunity" refer to an immune 

response to non-self antigens from members of the same species, which are called alloantigens or 

isoantigens. Two major types of alloantigens are blood group antigens and histocompatibility 

antigens. In alloimmunity, the body creates antibodies against the alloantigens, attacking 

transfused blood, allotransplanted tissue, and even the fetus in some cases. Alloimmune 

(isoimmune) response results in graft rejection, which is manifested as deterioration or complete 

loss of graft function. In contrast, autoimmunity is an immune response to the self s own 

antigens. (The allo- prefix means "other", whereas the auto- prefix means "self".) 

Alloimmunization (isoimmunization) is the process of becoming alloimmune, that is, developing 

the relevant antibodies for the first time. Without being bound by theory, alloimmunity is thought 

to be caused by the difference between products of highly polymorphic genes, primarily genes of 

the major histocompatibility complex, of the donor and graft recipient. These products are 

recognized by T-lymphocytes and other mononuclear leukocytes which infiltrate the graft and 

damage it. 

[0038] 	The terms "autoimmune" or "autoimmunity" refer to the scenario wherein the system 

of immune responses of an organism turns against its own healthy cells and tissues. Any disease 

that results from such an aberrant immune response is termed an autoimmune disease. Prominent 

examples include, but are not limited to, celiac disease, diabetes mellitus type 1, sarcoidosis, 

systemic lupus erythematosus (SLE), Sjogren's syndrome, eosinophilic granulomatosis with 

polyangiitis, Hashimoto's thyroiditis, Graves' disease, idiopathic thrombocytopenic purpura, 

Addison's disease, rheumatoid arthritis (RA), ankylosing spondylitis, polymyositis (PM), and 

dermatomyositis (DM). 

[0039] 	Autoimmune diseases, or immunological disorders in general, are often treated with 

steroids, among others. The intent is to suppress the aberrant immune response, commonly using 
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immunosuppressants, to which steroid compounds below. The term "immune suppressive", 

"immunosuppressive" or "immunosuppression" refers to a reduction in the efficacy or the 

activation/initiation of the immune system. This may or may not influence the immune system's 

capability of fighting infections Immunosuppression may result from certain diseases, such as 

AIDS or lymphoma, or can be induced or caused by using certain drugs, such as some of those 

used to treat cancer Immunosuppression may also be deliberately induced with drugs, for 

example, in preparation for a bone marrow transplant or other organ transplantation, with the 

view of preventing the rejection of a transplant by the host Immunosuppression can also be 

known as immunodepression. 

[0040] 	Further examples of autoimmune diseases are, but are not limited to, myocarditis, 

post-myocardial infarction syndrome, post-pericardiotomy syndrome, sub-acute bacterial 

endocarditis (SBE), systemic lupus erythematosus (SLE), lupus nephritis, type-I diabetes 

mellitus, anti-glomerular basement membrane nephritis, interstitial cystitis, autoimmune 

hepatitis, primary biliary cirrhosis (PBC), primary sclerosing cholangitis, anti-synthetase 

syndrome, alopecia areata, autoimmune angioedema, autoimmune progesterone dermatitis, 

autoimmune urticarial, bullous pemphigoid, cicatricial pemphigoid, dermatitis herpetiformis, 

discoid lupus erythematosus, epidermolysis bullosa acquisita, erythema nodosum, gestational 

pemphigoid, hidradenitis suppurativa, lichen planus, lichen sclerosus, linear IgA disease (LAD), 

morphea, pemphigus vulgaris, pityriasis lichenoides et varioliformis acuta, Mucha-Habermann 

disease, psoriasis, systemic scleroderma, vitiligo, Addison's disease, autoimmune polyendocrine 

syndrome (APS) type 1, autoimmune polyendocrine syndrome (APS) type 2, autoimmune 

polyendocrine syndrome (APS) type 3, autoimmune pancreatitis (AIP), autoimmune thyroiditis, 

Ord's thyroiditis, Graves' disease, autoimmune oophoritis, endometriosis, autoimmune orchitis, 

Sjogren's syndrome, autoimmune enteropathy, coeliac disease, microscopic colitis, ulcerative 

colitis, antiphospholipid syndrome (APS, APLS), aplastic anemia, autoimmune hemolytic 

anemia, autoimmune lymphoproliferative syndrome, autoimmune neutropenia, autoimmune 

thrombocytopenic purpura, cold agglutinin disease, essential mixed cryoglobulinemia, evans 

syndrome, paroxysmal nocturnal hemoglobinuria, pernicious anemia, pure red cell aplasia, 

thrombocytopenia, adiposis dolorosa, adult-onset Still's disease, ankylosing Spondylitis, CREST 

syndrome, drug-induced lupus, enthesitis-related arthritis, eosinophilic fasciitis, Felty syndrome, 

IgG4-related disease, juvenile arthritis, Lyme disease (Chronic), mixed connective tissue disease 
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(MCTD), palindromic rheumatism, Parry Romberg syndrome, Parsonage-Turner syndrome, 

psoriatic arthritis, reactive arthritis, relapsing polychondritis, retroperitoneal fibrosis, rheumatic 

fever, rheumatoid arthritis, sarcoidosis, Schnitzler syndrome, undifferentiated connective tissue 

disease (UCTD), dermatomyositis, fibromyalgia, inclusion body myositis, myositis, myasthenia 

gravis, neuromyotonia, paraneoplastic cerebellar degeneration, polymyositis, acute disseminated 

encephalomyelitis (ADEM), acute motor axonal neuropathy, anti-N-Methyl-D-Aspartate (Anti-

NMDA) receptor encephalitis, balo concentric sclerosis, Bickerstaffs encephalitis, chronic 

inflammatory demyelinating polyneuropathy, Guillain—Barre syndrome, Hashimoto's 

encephalopathy, idiopathic inflammatory demyelinating diseases, Lambert-Eaton myasthenic 

syndrome, multiple sclerosis (pattern II), Oshtoran Syndrome, pediatric Autoimmune 

Neuropsychiatric Disorder Associated with Streptococcus (PANDAS), progressive inflammatory 

neuropathy, Restless leg syndrome, Stiff person syndrome, Sydenham chorea, transverse 

myelitis, autoimmune retinopathy, autoimmune uveitis, Cogan syndrome, Graves 

ophthalmopathy, intermediate uveitis, ligneous conjunctivitis, Mooren's ulcer, neuromyelitis 

optica, opsoclonus myoclonus syndrome, optic neuritis, scleritis, Susac's syndrome, sympathetic 

ophthalmia, Tolosa-Hunt syndrome, autoimmune inner ear disease(AIED), Meniere's disease, 

Behcet's disease, eosinophilic granulomatosis with polyangiitis (EGPA), giant cell arteritis, 

granulomatosis with polyangiitis (GPA), IgA vasculitis (IgAV), Kawasaki's disease, 

leukocytoclastic vasculitis, lupus vasculitis, rheumatoid vasculitis, microscopic polyangiitis 

(MPA), polyarteritis nodosa (PAN), polymyalgia rheumatic, urticarial vasculitis, vasculitis, 

primary immune deficiency and Crohn's disease. 

[0041] 	In another example, the immunological disorder is, but is not limited to, myocarditis, 

post-myocardial infarction syndrome, post-pericardiotomy syndrome, sub-acute bacterial 

endocarditis (SBE), systemic lupus erythematosus (SLE), lupus nephritis, type-I diabetes 

mellitus and Crohn's disease. 

[0042] 	Immunological disorders can also be classified by organs and or tissues that are 

affected by the disorder. For example, the organs and tissue types effected by immunological 

disorders are, but not limited to, major organs, such as heart, kidney, liver, lung, skin; glands, for 

example, endocrine, adrenal gland, multi-glandular, pancreas, thyroid gland; exocrine organs, 

such as reproductive organs, salivary glands; organs of the digestive system; various types of 
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tissue, for example, blood, connective tissue, systemic tissue, and multi-organ tissue, muscle, 

nervous system, eyes, ears and vascular system. 

[0043] 	The term "GYM", also known as Graft-versus-host-disease, as used herein, refers to 

a medical complication that can occur after a stem cell or bone marrow transplant. With GVHD, 

the newly transplanted donor cells attack the transplant recipient's body. GVHD may occur after 

a bone marrow or stem cell transplant in which someone receives bone marrow tissue or cells 

from a donor. This type of transplant is called allogeneic. The new, transplanted cells regard the 

recipient's body as foreign. When this happens, the newly transplanted cells attack the recipient's 

body. GVHD does not occur when someone receives his or her own cells during a transplant. 

This type of transplant is called autologous. Before a transplant, tissue and cells from possible 

donors are checked to see how closely they match the person having the transplant. GVHD is 

less likely to occur, or symptoms will be milder, when the match is close. The chance of GVHD 

is around 30 to 40% when the donor and recipient are related and around 60 to 80% when the 

donor and recipient are not related. There are two types of GVHD: acute and chronic. Symptoms 

in both acute and chronic GVHD range from mild to severe. Acute GVHD usually happens 

within the first 6 months after a transplant, while chronic GVHD usually starts more than 3 

months after a transplant, and can last a lifetime. 

[0044] 	The term "SLE" refers to the disease "systemic lupus erythematosus", an autoimmune 

disease, whereby the cause is not fully known. In this disease, the body's immune system 

mistakenly attacks healthy tissue and can affect the skin, joints, kidneys, brain, and other organs. 

SLE may also be caused by certain drugs. 

[0045] 	Without being bound by theory, it has been suggested that mesenchymal stromal cell 

(MSC; also known as mesenchymal stem cell) mediated immunosuppression works via paracrine 

signalling, which include a variety of soluble factors such as, for example, transforming growth 

factor-0 (TGF-(3), IL-10, hepatocyte growth factor (HGF), indoleamine, dioxygenase (IDO), 

prostaglandins E2 (PGE2), Nitric oxide (NO), TNF-a stimulated gene/protein 6 (TSG-6), heme 

oxygenase-1 (HO), galectin-1 and HLA-Gs. Thus, it is shown in the present disclosure that it is 

possible to use soluble factors that influence paracrine signalling, as those present in the MSC 

secretome (that is, a cluster of effective soluble factors that is secreted by mesenchymal stromal 

cells) to emulate the effect of MSC therapy, or even to replace MSC therapy entirely. 
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[0046] 	As used herein, the term "MSC-derived" or "mesenchymal stromal cell-derived" 

refers to substances that are obtained or derived from a specific source. In the present disclosure, 

the term "mesenchymal stromal cell" is a multipotent stromal cell that can differentiate into a 

variety of cell types, including, but not limited to osteoblasts (bone cells), chondrocytes 

(cartilage cells), myocytes (muscle cells) and adipocytes (fat cells). These cells are also known as 

"mesenchymal stem cells" due to their multipotency. This biologically important cell population 

is able to support hematopoiesis, can differentiate along mesenchymal and non-mesenchymal 

lineages in vitro, is capable of suppressing alloresponses and appear to be non-immunogenic. 

These cells are known to either secrete certain proteins and/or compounds, which is turn 

influence the microenvironment around the cells, or when not directly expressing the proteins 

themselves, mesenchymal stromal cells are known to influence the downstream expression of 

other proteins, which for example, may be affected by the presence or absence of a mesenchymal 

stromal cell. That is to say that the presence of a mesenchymal stromal cell within the 

environment of another cell can cause the other cell to start producing, or even secreting, certain 

proteins. Therefore, disclosed herein are both compounds and/or proteins secreted by the 

mesenchymal stromal cells themselves and are therefore considered to be derived from MSCs as 

they are specifically obtained from MSCs, as well as proteins and compounds that are produced 

and/or secreted as a result of the presence of mesenchymal stromal cells within the cell 

environment. Included therein is also the downstream expression of proteins that is initiated via 

one or more expression cascades due to the presence of mesenchymal stromal cells in the 

microenvironment. 

[0047] 	Thus, the present disclosure describes, in one example, a pharmaceutical composition 

comprising at least one antibody and at least one mesenchymal stromal cell-derived protein. In 

another example, the pharmaceutical composition comprises between 1 to 12 antibodies and 

proteins. In another example, the pharmaceutical composition comprises 1, 2, 3, or 4 antibodies 

and 1, 2, 3, 4, 5, 6, 7 or 8 proteins. In another example, the pharmaceutical composition 

comprises at least two antibodies and at least two proteins. In one example, the method of 

treatment as disclosed herein comprises the use of at least one antibody and/or at least one 

mesenchymal stromal cell-derived protein. In another example, the pharmaceutical composition 

as disclosed herein comprises at least one antibody and at least one mesenchymal stromal cell-

derived protein, wherein the antibody targets one or more of the cytokines selected from the 
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group consisting of macrophage colony-stimulating factor (M-CSF), Interleukin- lbeta (IL-1(3), 

CCL-1 (1-309) and CCL24 (Eotaxin-2); wherein the mesenchymal stromal cell-derived protein is 

selected from the group consisting of PGE2 (prostaglandin E2), OPG, CCL7 (MCP-2), CCL8 

(MCP-3), CCL20 (MIP-3a), CXCL5 (ENA-78), IL-10 and CXCL6 (GCP-2). 

[0048] 	As used herein, the term "serial factorial designs" refers a type of statistical 

experiment design. There are two types of "factorial design". One is a "full factorial design", and 

another is a "fractional factorial design". In statistics, a full factorial design is an experiment 

whose design consists of two or more factors, each with discrete possible values or "levels", and 

whose experimental units take on all possible combinations of these levels across all such 

factors. Such an experiment allows the investigator to study the effect of each factor on 

the response variable, as well as the effects of interactions between factors on the response 

variable. If the number of combinations in a full factorial design is too high to be logistically 

feasible, a fractional factorial design may be done, in which some of the possible combinations 

(usually at least half) are omitted. In this present disclosure, two fractional and one full factorial 

designs were used, hence the term used herein to describe the analysis experiments performed is 

"serial factorial designs". 

[0049] 	As disclosed herein, two mesenchymal stromal cell (MSC)-derived factors were 

identified that exhibited concerted immunomodulation effect in mixed lymphocyte reaction 

(MLR) through screening MSC paracrine secretome with factorial design (FD). 

[0050] 	The term "mixed lymphocyte reaction (MLR)" refers to an ex vivo, cellular immune 

assay that occurs between two allogeneic lymphocyte populations (same species but genetically 

distinct). The assay set-up consists of purifying responder lymphocytes from peripheral blood, 

thymus, lymph nodes or spleen and co-culturing these with stimulator cells. Stimulator cell 

populations that also contain T-cells (also known as a two-way mixed lymphocyte reaction) will 

replicate in the presence of the responder cells, whereas in a one-way mixed lymphocyte 

reaction, stimulator cells are prevented from replicating by irradiation or treatment with, for 

example, mitomycin C or a DNA cross-linker to prevent cell replication. The MLR cell-based 

assay is used in research in order to test, measure and correlate in vitro T cell function and also to 

elucidate cellular immune function. Furthermore, MLR assays enable the characterization of the 

lymphocytes, accessory cells (for example, dendritic cells, macrophage and the like) and 

cytokines that participate in the MLR reactions. 
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[0051] 	As shown herein, in order to avoid above-mentioned complications, it is intended to 

replicate and substitute MSC immune-regulatory therapy by its secretome. Ten MSC-derived 

potential soluble factors accountable for the immunosuppression were shortlisted by cytokine 

antibody array screening. Six of them (MIP-3a (CCL20), MCP-3 (CCL8), ENA-78 (CXCL5), 

OPG, GCP-2 (CXCL6), MCP-2 (CCL7)) were upregulated and four of them (M-CSF, IL-10, I-

309 (CCL1), and Eotaxin-2 (CCL24)) were downregulated. 

[0052] 	In one example, the antibody results in a decrease in concentration of the target 

cytokine. In one example, the target cytokine is, but is not limited to, one or more of the 

following: M-CSF, IL-10, 1-309 (CCL1), Eotaxin-2 (CCL24). In another example, the 

mesenchymal stromal cell-derived protein results in an increase of PGE2, IL-10, OPG, CCL7 

(MCP-2), CCL8 (MCP-3), CCL20 (MIP-3a), CXCL5 (ENA-78) or CXCL6 (GCP-2). In yet 

another example, the antibody results in a decrease in concentration of the target cytokine; and 

the mesenchymal stromal cell-derived protein results in an increase of PGE2, IL-10, OPG, CCL7 

(MCP-2), CCL8 (MCP-3), CCL20 (MIP-3a), CXCL5 (ENA-78) or CXCL6 (GCP-2). In another 

example, the pharmaceutical composition as disclosed herein results an increase or a decrease in 

the concentration of at least one mesenchymal stromal cell-derived protein in a subject results in 

an immunosuppressive effect, wherein the mesenchymal stromal cell-derived protein is selected 

from the group consisting of PGE2 (prostaglandin E2), OPG, CCL7, CCL8, IL-10, CCL20, 

CXCL5, CXCL6, M-CSF, IL-10, CCL-1 and CCL24. 

[0053] 	In order to attain the desired effect disclosed in the present application, in one 

example, the antibody targets one or more of the cytokines. In another example, the one or more 

cytokines is, but are not limited to, macrophage colony-stimulating factor (M-CSF), Interleukin-

lbeta (IL-1(3), CCL-1 (I-309) and CCL24 (Eotaxin-2). 

[0054] 	In one example, the proteins are mesenchymal stromal cell-derived protein. In another 

example, the mesenchymal stromal cell-derived protein is, but is not limited to, PGE2 

(prostaglandin E2), OPG, CCL7 (MCP-2), CCL8 (MCP-3), CCL20 (MIP-3a), CXCL5 (ENA-

78), IL-10 and CXCL6 (GCP-2). 

[0055] 	As used herein, the terms "increase" and "decrease" refer to the relative alteration of a 

chosen target or characteristic in a subset of a population (for example a diseased cell) in 

comparison to the same target or characteristic as present in a control population (for example, a 

disease free cell) or compared to the whole population. An increase indicates a change on a 
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positive scale, whereas a decrease indicates a change on a negative scale. The term "change", as 

used herein, also refers to the difference between a chosen target or characteristic of an isolated 

population subset (for example samples obtained from diseased patients) in comparison to the 

same trait or characteristic in a control population (for example, samples from disease-free 

subjects) or in the population as a whole. However, this term is without valuation of the 

difference seen. Where applicable, the terms "increase" and "decrease" may be replaced with the 

terms "upregulated" and "downregulated", for example when referring to a change in the 

expression profile of, for example, genes and proteins. 

[0056] 	Inhibiting any of these downregulated proteins or promoting any of these upregulated 

proteins could not fully mimic the immunosuppressive capability of MSC, suggested that MSC 

modulated immune reaction through an interacting network of factors. Through serial factorial 

designs (FD), a two factor (2F)-cocktail comprising CXCL5 and anti-CCL24 antibody was 

finally established. It exhibited concerted immunomodulation effect in MLR-an in vitro GVHD 

model. It also showed excellent in vivo immunosuppressive effect in term of ameliorating 

GVHD and SLE symptoms and improving survival. This identified 2F cocktail could be a 

potential chemically defined substitute for MSC in immunological disorders therapy. 

[0057] 	Thus, in a first aspect the present invention refers to a pharmaceutical composition 

comprising at least one antibody and at least one mesenchymal stromal cell-derived protein, 

wherein the antibody targets one or more of the cytokines, wherein the cytokine is, but is not 

limited to macrophage colony-stimulating factor (M-CSF), Interleukin-lbeta (IL-1(3), CCL-1 (I-

309) and CCL24 (Eotaxin-2); wherein the mesenchymal stromal cell-derived protein is, but is 

not limited to, PGE2 (prostaglandin E2), IL-10, OPG, CCL7 (MCP-2), CCL8 (MCP-3), CCL20 

(MIP-3a), CXCL5 (ENA-78) and CXCL6 (GCP-2). 

[0058] 	In one example, one or more antibodies are either anti-CCL1, or anti CCL24, or both, 

while the one or more mesenchymal stromal cell-derived protein is as defined herein. In another 

example, one or more antibodies are as disclosed herein, while the one or more mesenchymal 

stromal cell-derived proteins are, but are not limited to, CXCL5 and OPG. In one example, one 

or more antibodies are either anti-CCL1, or anti CCL24, or both, while the one or more 

mesenchymal stromal cell-derived protein is either OPG, or CXCL5, or both. In one example, 

the antibody is anti-CCL1 in a concentration of 2µg/ml, and the one or more mesenchymal 

stromal cell-derived protein is either OPG, or CXCL5 or both. In another example, the antibody 
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is anti-CCL24 in a concentration of 2µg/ml, and the one or more mesenchymal stromal cell-

derived protein is either OPG, or CXCL5 or both. In another example, the antibody is anti-

CCL24 and anti-CCL1, both each in a concentration of 2µg/ml, and the one or more 

mesenchymal stromal cell-derived protein is either OPG, or CXCL5 or both. In one example, 

the one or more antibody is anti-CCL1, or anti-CCL24, or both, and the mesenchymal stromal 

cell-derived protein is OPG in a concentration of lOng/ml. In one example, the one or more 

antibody is anti-CCL1, or anti-CCL24, or both, and the mesenchymal stromal cell-derived 

protein is CXCL5 in a concentration of 5Ong/ml. In yet one example, the one or more antibody is 

anti-CCL1, or anti-CCL24, or both, and the mesenchymal stromal cell-derived protein is OPG in 

a concentration of lOng/ml and CXCL5 in a concentration of 5Ong/ml. 

[0059] 	In one example, the pharmaceutical composition can comprise the components as 

provided in Table 1 below, wherein, in on example, the pharmaceutical composition is any 

composition except for C24a to C27a. In another example, the method is as disclosed herein, 

wherein the pharmaceutical composition is as shown in Table 1 below. 

Table 1 List of various compositions 

Composition 

C2a CXCL5; anti-CCL1; anti-ILlb; anti-M-CSF; anti-CCL24 

C3a CCL8; CCL7; OPG; IL-10; anti-CCL24 

C4a CCL8; CCL7; OPG; IL-10; CXCL5; anti-CCL1; anti-ILlb; anti-M-CSF 

C5a CCL20; CXCL6; OPG; IL-10; anti-ILlb; anti-M-CSF 

C6a CCL20; CXCL6; OPG; IL-10; CXCL5; anti-CCL1; anti-CCL24 

C7a CCL20; CXCL6; CCL8; CCL7; anti-ILlb; anti-M-CSF; anti-CCL24 

C8a CCL20; CXCL6; CCL8; CCL7; CXCL5; anti-CCL1 

C9a PGE2; CXCL6; CCL7; IL-10; anti-CCL1; anti-M-CSF 

ClOa PGE2; CXCL6; CCL7; IL-10; CXCL5; anti-ILlb; anti-CCL24 

Cl la PGE2; CXCL6; CCL8; OPG; anti-CCL1; anti-M-CSF; anti-CCL24 

C12a PGE2; CXCL6; CCL8; OPG; CXCL5; anti-ILlb 

C13a PGE2; CCL20; CCL7; OPG; anti-CCL1; anti-ILlb 

C14a PGE2; CCL20; CCL7; OPG; CXCL5; anti-M-CSF; anti-CCL24 
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C15a PGE2; CCL20; CCL8; IL-10; anti-CCL1; anti-ILlb; anti-CCL24 

C16a PGE2; CCL20; CCL8; IL-10; CXCL5; anti-M-CSF 

C17a CXCL5; CXCL6; anti-CCL1; CCL20 

C18a IL-10; OPG; anti-CCL1; CCL20 

C19a IL-10; OPG; CXCL5; CXCL6 

C20a anti-CCL24; OPG; CXCL6; CCL20 

C21a anti-CCL24; OPG; CXCL5; anti-CCL1 

C22a anti-CCL24; IL-10; CXCL6; anti-CCL1 

C23a anti-CCL24; IL-10; CXCL5; CCL20 

C24a anti-CCL1 

C25a anti-CCL24 

C26a OPG 

C27a CXCL5 

C28a anti-CCL1; anti-CCL24 

C29a anti-CCL1; OPG 

C30a anti-CCL1; CXCL5 

C31a anti-CCL24; OPG 

C32a anti-CCL24; CXCL5 

C33a OPG; CXCL5 

C34a anti-CCL1; anti-CCL24; OPG 

C35a anti-CCL1; anti-CCL24; CXCL5 

C36a anti-CCL1; OPG; CXCL5 

C37a anti-CCL24; OPG; CXCL5 

C38a anti-CCL1; anti-CCL24; OPG; CXCL5 

[0060] 	In one example, the pharmaceutical composition comprises CXCL5 and an anti-

CCL24 antibody (C32a). 

[0061] 	Therefore, in one example, the pharmaceutical composition is according to any one of 

C2 to C16 as shown in Table 3. In one example, the pharmaceutical composition comprises 

CXCL5, anti-CCL1, anti-IL-1(3, anti M-CSF and anti-CCL24 (C2a). In another example, the 

pharmaceutical composition comprises CCL8, CCL7, OPG, IL-10 and anti-CCL24 (C3a). In 
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another example, the pharmaceutical composition comprises CCL8, CCL7, OPG, IL-10, 

CXCL5, anti-CCL1, anti-IL-1(3, and anti M-CSF (C4a). In another example, the pharmaceutical 

composition comprises CCL20, CCL6, OPG, IL-10, anti-IL-1(3 and anti-M-CSF (C5a). In 

another example, the pharmaceutical composition comprises CCL20, CXCL6, OPG, IL-10, 

CXCL5, anti-CCL1, and anti-CCL24 (C6a). In another example, the pharmaceutical composition 

comprises CCL20, CXCL6, CCL8, CCL7, anti-IL-1(3, anti-M-CSF, and anti-CCL24 (C7a). In 

another example, the pharmaceutical composition comprises CCL20, CXCL6, CCL8, CCL7, 

CXCL5, and anti-CCL1 (C8a). In another example, the pharmaceutical composition comprises 

PGE2, CXCL6, CCL7, IL-10, anti-CCL1, and anti-M-CSF (C9a). In another example, the 

pharmaceutical composition comprises PGE2, CXCL6, CCL7, IL-10, CXCL5, anti-IL-1(3, and 

anti-CCL24 (C10a). In another example, the pharmaceutical composition comprises PGE2, 

CXCL6, CCL8, OPG, anti-CCL1, anti-M-CSF, and anti-CCL24 (Cl la). In another example, the 

pharmaceutical composition comprises PGE2, CXCL6, CCL8, OPG, CXCL5, and anti-IL-10 

(C12a). In another example, the pharmaceutical composition comprises PGE2, CCL20, CCL7, 

OPG, anti-CCL1, and anti-IL-1(3 (C13a). In another example, the pharmaceutical composition 

comprises PGE2, CCL20, CCL7, OPG, CXCL5, and anti-M-CSF and anti-CCL24 (C14a). In 

another example, the pharmaceutical composition comprises PGE2, CCL20, CCL8, IL-10, anti-

CCL1, anti-IL-1(3 and anti-CCL24 (C15a). In another example, the pharmaceutical composition 

comprises PGE2, CCL20, CCL8, IL-10, CXCL5 and anti-M-CSF (C16a). 

[0062] 	In a further example, the pharmaceutical composition is according to any one of C17 

to C23 as shown in Table 4. In one example, the pharmaceutical composition comprises CXCL5, 

CXCL6, anti-CCL1, and CCL20 (C17a). In another example, the pharmaceutical composition 

comprises IL-10, OPG, anti-CCL1, and CCL20 (C18a). In one example, the pharmaceutical 

composition comprises CXCL5, CXCL6, IL-10, and OPG (C19a). In one example, the 

pharmaceutical composition comprises anti-CCL24, CXCL6, OPG, and CCL20 (C20a). In one 

example, the pharmaceutical composition comprises anti-CCL24, CXCL5, OPG, and anti-CCL1 

(C21a). In one example, the pharmaceutical composition comprises anti-CCL24, CXCL6, IL-10, 

and CCL1 (C22a). In one example, the pharmaceutical composition comprises anti-CCL24, 

CXCL5, IL-10, and CCL20 (C23a). 

[0063] 	In another example, the pharmaceutical composition is according to any one of C24 to 

C38 as shown in Table 5. In another example, the pharmaceutical composition comprises anti- 
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CCL24 and anti-CCL1 (C28a). In another example, the pharmaceutical composition comprises 

OPG and anti-CCL1 (C29a). In another example, the pharmaceutical composition comprises 

CXCL5 and anti-CCL1 (C30a). In another example, the pharmaceutical composition comprises 

anti-CCL24 and OPG (C31a). In another example, the pharmaceutical composition comprises 

anti-CCL24 and CXCL5 (C32a). In another example, the pharmaceutical composition comprises 

OPG and CXCL5 (C33a). In another example, the pharmaceutical composition comprises anti-

CCL24, anti-CCL1 and OPG (C34a). In another example, the pharmaceutical composition 

comprises anti-CCL24, anti-CCL1, and CXCL5 (C35a). In another example, the pharmaceutical 

composition comprises OPG, CXCL5 and anti-CCL1 (C36a). In another example, the 

pharmaceutical composition comprises anti-CCL24 OPG and CXCL5 (C37a). In another 

example, the pharmaceutical composition comprises anti-CCL24, anti-CCL1, OPG and CXCL5 

(C38a). In another example, the pharmaceutical composition comprises PGE2, CCL20, CXCL6, 

CCL8, CCL7, OPG, IL-10, CXCL5, anti-CCL1, anti-ILlb, anti-M-CSF and anti-CCL24 (full 

panel as shown in Table 3). 

[0064] 	As a person skilled in the art would appreciate, the concentrations of the individual 

components disclosed herein are to be present in a concentration capable of or resulting in the 

desired effect, which is the modulation of the host immune system. 

[0065] 	Thus, in one example, the pharmaceutical composition is as disclosed herein, wherein 

the antibody is present in a concentration of about 0.05µg to 5µg, 0.05µg to 0.7iag, 0.5µg/m1 to 

about 5µg/ml, about 1iag/m1 to about 2µg/ml, about 2µg/ml to about 3.5µg/ml, about 4µg/ml to 

about 5µg/ml, about 3µg/m1 to about 4.5µg/ml, about 0.05µg, about 0.1[1z, about 0.25µg, about 

0.5µg/ml, about 0.75 µg/ml, about 1µg/ml, about 1.25µg/ml, about 1.5µg/ml, about 2.25µg/ml, 

about 2.5µg/ml, about 2.75µg/ml, about 3.75µg/ml, or about 4.8µg/ml. In one example, the 

antibody is present in a concentration of about 1iag/m1 or about 2µg/ml. The concentration of 

each antibody in a pharmaceutical composition is selected independently from all other 

components of the pharmaceutical composition. In one example, the concentration of anti-IL-1(3, 

anti-M-CSF, independently, is less than 3µg/ml, less than 2µg/ml, or less than 1.5µg/ml. In 

another example, the concentration of anti-CCL1 and anti-CCL24, independently, is less than 

6µg/ml, less than 5µg/m1 or less than 2.5µg/ml. 

[0066] 	In one example, the pharmaceutical composition is as disclosed herein, wherein the 

mesenchymal stromal cell-derived protein is present in a concentration of about 0.5 ng/mg to 
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about 75ng/ml, about 0.5 to about 10 ng/ml, about 0.5 to about 1 ng/ml, about 0.75 to about 5 

ng/ml, 5ng/ml to about 75ng/ml, about lOng/m1 to about 5Ong/ml, about 2Ong/m1 to about 

4Ong/ml, about 3Ong/m1 to about 65ng/ml, about 4Ong/ml to about 55ng/ml, about 0.5ng/ml, 

about 1 ng/ml, about 5 ng/ml, about 8ng/ml, about 9ng/ml, about lOng/ml, about 15ng/ml, about 

25ng/ml, about 34ng/ml, about 4Ong/ml, about 45ng/ml, about 5Ong/ml, about 55ng/ml, about 

58ng/ml, about 65ng/ml, or about 7Ong/ml. In another example, the mesenchymal stromal cell-

derived protein is present in a concentration of about lOng/ml or 5Ong/ml. The concentration of 

each mesenchymal stromal cell-derived protein in a pharmaceutical composition is selected 

independently from all other components of the pharmaceutical composition. In one example, the 

concentration of each of CCL20, CCL8, CCL7, CXCL6, CXCL5, OPG and IL-10, 

independently, is less than 6Ong/ml, less than 5Ong/ml, or less than 30 ng/ml. As shown in Figure 

3, the immunosuppressive effect of individual proteins would reach a plateau in the event that 

more than 5Ong/ml of protein is added during experimental analysis. 

[0067] In one example, the pharmaceutical composition comprises CXCL6, OPG and IL-10 

in a concentration of between about 5µg/m1 and about 15µg/ml, CXCL5 and CCL20 in a 

concentration of between about 45µg/m1 and 55µg/ml, and anti-CCL1 and anti-CCL24 in a 

concentration of between about 1iag/m1 and 2.5µg/ml. In another example, the pharmaceutical 

composition comprises CXCL6, OPG and IL-10 in a concentration of about 10µg/ml, CXCL5 

and CCL20 in a concentration of about 50µg/ml, and anti-CCL1 and anti-CCL24 in a 

concentration of about 2µg/ml (C6; also termed 7F). In one example, the pharmaceutical 

composition comprises anti-CCL24 and anti-CCL1 in a concentration of between about 1 to 

2.5µg/ml, CXCL5 at a concentration of between about 45µg/m1 to 55µg/ml, and OPG at a 

concentration of between about 5µg/m1 to 15µg/ml. In another example, the pharmaceutical 

composition comprises anti-CCL24 and anti-CCL1 in a concentration of about 2µg/ml, CXCL5 

at a concentration of about 50µg/ml, and OPG at a concentration of between about 10µg/m1 

(C21). In one example, the pharmaceutical composition comprises anti-CCL24 in a range of 1 to 

2.5µg/m1 and CXCL5 in a range of 40 to 6Ong/ml. In another example, the pharmaceutical 

composition comprises anti-CCL24 at a concentration of 2µg/ml and CXCL5 in a concentration 

of 5Ong/ml (C32). 

[0068] 	Also disclosed herein is a method of treating an immunological disorder. In one 

example, the method of treating an immunological disorder comprises administration of a 
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pharmaceutical composition comprising at least one antibody and/or at least one mesenchymal 

stromal cell-derived protein, wherein the antibody targets one or more of the cytokines selected 

from the group consisting of macrophage colony-stimulating factor (M-CSF), Interleukin-lbeta 

(IL-1(3), CCL-1 (1-309) and CCL24 (Eotaxin-2); wherein the mesenchymal stromal cell-derived 

protein is selected from the group consisting of PGE2 (prostaglandin E2), OPG, CCL7 (MCP-2), 

CCL8 (MCP-3), CCL20 (MIP-3a), CXCL5 (ENA-78), IL-10 and CXCL6 (GCP-2).Thus, in one 

example, the immunological disorder is an alloimmune disease or an autoimmune disease. In one 

example, the alloimmune disease is selected from the group consisting of graft versus host 

disease (GVHD) after allogeneic hematopoietic cell transplantations, alloimmune disease 

resulting from skin transplant, alloimmune disease resulting from kidney transplant, alloimmune 

disease resulting from liver transplant, and hemolytic disease of the foetus and newborn. In 

another example, the autoimmune disease is selected from the group consisting of systemic lupus 

erythematosus (SLE), lupus nephritis, type-I diabetes mellitus, and Crohn's disease. 

[0069] 	In one example, the method comprises administration of the pharmaceutical 

composition as defined herein. In another example, disclosed herein is a method of modulating 

the immune system, the method comprising administration of a pharmaceutical composition as 

defined herein. In another example, the method is as disclosed herein, wherein the 

pharmaceutical composition results an increase or a decrease in the concentration of at least one 

mesenchymal stromal cell-derived protein in a subject results in an immunosuppressive effect, 

wherein the mesenchymal stromal cell-derived protein is, but is not limited to, PGE2 

(prostaglandin E2), OPG, CCL7, CCL8, CCL20, CXCL5, CXCL6, M-CSF, IL-10, CCL-1 and 

CCL24. In another example, the method is as disclosed herein, wherein the pharmaceutical 

composition results in a decrease in the concentration of one or more of the circulating pro-

inflammatory cytokines, whereby the cytokines are, but are not limited to IFN-y, IL-6, IL-17A, 

IL-8, MIP-10 and MCP-1 in the subject. In one example, the method comprises administration of 

the pharmaceutical composition comprising CXCL5 and an anti-CCL24 antibody (C32a). 

[0070] 	In one example, the method is as disclosed herein, wherein the pharmaceutical 

composition is according to any one of C2 to C16 as shown in Table 3. In another example, the 

method is as disclosed herein, wherein the pharmaceutical composition is according to any one 

of C17 to C23 as shown in Table 4. In yet another example, the method is as disclosed herein, 

wherein the pharmaceutical composition is according to any one of C24 to C38 as shown in 
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Table 5. In a further example, the method is as disclosed herein, wherein the pharmaceutical 

composition comprises CXCL5 and an anti-CCL24 antibody (for example, C32 in Table 5 or 

C32a in Table 1). 

[0071] 	The identified 2 factor "2F" cocktail, comprising CXCL5 and anti-CCL24 antibody, 

also showed in vivo immunosuppressive effect in ameliorating GVHD and systemic lupus 

erythematosus (SLE) symptoms and improving survival. In GVHD, it is shown to reduce 

cytotoxic T lymphocytes (CTLs), Thl cells, Th17 cells, natural killer (NK) cells in the 

circulation and macrophages in the spleen, but not to affect human hematopoietic stem cells 

(HSCs) reconstitution in the bone marrow. Concurrently, it is shown to reduce pro-inflammatory 

cytokine IFN-y, IL-6, IL-17A, IL-8, MIP-1/3 and MCP-1 in the circulation. In SLE, it is shown to 

reduce helper T cells, dendritic cells (DCs), monocytes and/or macrophages and natural killer 

cells (NK cells). Without being bound by theory, these results indicated the 2F cocktail mimics 

the immunomodulatory effect of MSCs by suppressing the proliferation and differentiation of 

multiple effector cells and reducing the secretion of a cluster of pro-inflammatory cytokines. 

[0072] 	Thus, in one example, the pharmaceutical composition is as disclosed herein, wherein 

the pharmaceutical composition results in a reduction in the presence of at least one cell type, but 

not limited to, circulating cytotoxic T lymphocytes (CTLs), T helper 1 (Thl) cells, T helper 17 

(Th17) cells, and natural killer (NK) cells of a subject, as well as splenic macrophages and NK 

cells of a subject in GVHD; helper T cells, DCs, monocytes/macrophages and NK cells of a 

subject in SLE. 

[0073] 	ENA-78 (epithelial-derived neutrophil-activating protein 78, also called CXCL5) is a 

member of the CXC chemokines and acts as a potent chemo-attractant and activator of 

neutrophils through CXCR2 receptor. Neutrophils are traditionally considered, to be short-lived 

(6-8h), terminally differentiated cells that do not recirculate. The potential existence of distinct 

neutrophil subsets with functional and phenotypic heterogeneity has not been widely considered 

or explored. However, more and more evidence is now challenging this scenario, and there is 

significant evidence for the existence of different neutrophil subsets under both physiological 

and pathological conditions. In severe systemic inflammation elicited by trauma or sepsis, 

neutrophils play a critical role. They contribute to collateral tissue damage during the initial 

inflammatory stage of sepsis. However, most deaths occur during the later compensatory anti-

inflammatory response stage of the disease, when patients develop immunosuppression and 
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succumb to additional infections. The latter indicates that despite notable neutrophilia, the host is 

immunocompromised and more prone to infections, suggesting alterations in the effector 

functions of neutrophils. Within this, it was revealed that systemic LPS leads to the presence of a 

previously undescribed neutrophil subset characterized by a distinct CD16b1g ttCD620" 

phenotype that was also detected in patients who had suffered severe injury. This neutrophil 

subset exhibited hypersegmented nuclear morphology, increased capability to produce ROS and 

suppressive T- cell proliferation via expression of Mac-1 and locally released ROS-dependent 

inhibition of T cell proliferation. 

[0074] Eotaxin-2 (eosinophil chemotactic protein-2, also called CCL24) is 

small cytokine belonging to the CC chemokine family. CCL24 interacts with chemokine 

receptor CCR3 and exerts its activity on eosinophils, resting T cells and basophils. Eotaxins have 

been well documented its role in allergic conditions (such as asthma and rhinitis) and other 

inflammatory disorders characterized by eosinophils accumulation (inflammatory bowel disease, 

atopic dermatitis and dermatitis herpetiformis) through the release of reactive oxygen species 

(ROS) and induction of histamine and LTC-4 degranulation in basophils. It has been proposed as 

a therapeutic target for these conditions using antibodies against eotaxins or interfering eotaxin 

receptor with modified chemokines, small molecules specific antagonists for CCR3 and anti-

CCR3 antibodies. 

[0075] 	Without being bound by theory, based on the biological property of these two 

chemokines, it is possible to understand the immunosuppressive capacity of anti-CCL24 

antibody. Anti-CCL24 antibody is shown to inhibit the proliferation of T cells, especially with 

regard to cytotoxic T lymphocytes (CTLs), Thl and Th17 cells. The reduction of these three cell 

populations results in a reduction of IFN-y secretion. Thus the proliferation of natural killer (NK) 

cells and macrophages is further reduced in a cascading manner All these repressed effector 

cells contribute to the immunosuppression. However, the immunosuppressive effect of 

chemokine CXCL5 found in the present application appears to run against to the general 

understanding of what CXCL5 does. Normally, CXCL5 is a neutrophil chemoattractant and will 

recruit more neutrophils if its concentration is increased. However, as shown herein, CXCL5 

suppresses the proliferation of multiple effector cells, and reduces the pro-inflammatory cytokine 

secretion. Without being bound by theory, it is thought that CXCL5 exerts its 

immunosuppressive function through three possible mechanisms: (1) instantaneously increased 
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CXCL5 concentration in blood by intravenous injection may reverse the chemokine gradient 

between the blood (high) and inflammatory tissues (low). This helps to recruit the infiltrated 

neutrophils and macrophages back from the inflammatory tissues to blood and release the 

inflammation burden in the tissues. This concept has been corroborated by the less lymphocyte 

infiltration in skin, intestine and kidney of GVHD mice as shown herein. (2) CXCL5 may help to 

promote the proliferation of immunosuppressive neutrophils. This neutrophil subset is 

characterized by a distinct CD16brightCD62Ldlin  phenotype and has demonstrated 

immunosuppression capacity in patients who have suffered severe injury. This neutrophil subset 

exhibits hypersegmented nuclear morphology, increased capability to produce ROS and 

suppressive T-cell proliferation via expression of Mac-1 and locally released ROS-dependent 

inhibition of T cell proliferation. In the xenograft GVHD model shown herein, there were no 

viable granulocytes in the cryopreserved PBMCs after two rounds of freeze/thaw processing. 

Hence, in the short run GVHD mice model, there were no human neutrophils, eosinophils and 

basophils engrafted due to the limitation of the animal model per se. However, a distinct mouse 

immunosuppressive neutrophil (Ly6G+CD1111±) population was observed when mice were 

treated with the 2FC (data not shown). This highly promoted mouse immunosuppressive 

neutrophils might also assist to ameliorate GVHD symptoms and improve mice survival. (3) 

CXCL5 concerts anti-CCL24 to suppress immune reaction through other immune cell types. In 

the in vitro screening model, the MLR was set up with two HLA-mismatched mononuclear cells, 

in which the granulocytes were removed by Ficoll-paque isolation. CXCL5 was still screened out 

as the key immunomediator even though there are no neutrophils involved in the reaction. 

Without being bound by theory, this result suggests that CXCL5 exerts its immunosuppressive 

function through other immune cell types. 

[0076] 	The present disclosed also describes a kit comprising at least one antibody and at least 

one mesenchymal stromal cell-derived protein as defined herein. 

[0077] 	The peptide, the antibody or the pharmaceutical composition as described herein and 

above can be formulated into compositions suitable for administration. Where applicable, a 

peptide and/or an antibody may be administered with a pharmaceutically acceptable carrier. A 

"carrier" can include any pharmaceutically acceptable carrier as long as the carrier can is 

compatible with other ingredients of the formulation and not injurious to the patient. 

Accordingly, pharmaceutical compositions for use may be formulated in conventional manner 
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using one or more physiologically acceptable carriers comprising excipients and auxiliaries 

which facilitate processing of the active compounds into preparations which can be used 

pharmaceutically. Proper formulation is dependent upon the route of administration chosen. 

Thus, in one example, the present disclosure described a pharmaceutical composition 

comprising, but not limited to, at least one peptide as described herein and at least one antibody 

as described herein. In one example, the pharmaceutical composition comprises a peptide as 

described herein. In another example, the pharmaceutical composition comprises an antibody as 

described herein. In yet another example, the pharmaceutical composition further comprises one 

or more pharmaceutically acceptable excipients, vehicles or carriers. Therefore, in one example, 

the peptide as disclosed herein may further comprise a compound selected from, but not limited 

to, a pharmaceutically acceptable carrier, a liposomal carrier, an excipient, an adjuvant or 

combinations thereof. 

[0078] Compositions and formulations for parenteral, intrathecal or intraventricular 

administration may include sterile aqueous solutions that may also contain buffers, diluents and 

other suitable additives such as, but not limited to, penetration enhancers, carrier compounds and 

other pharmaceutically acceptable carriers or excipients. In one example, the pharmaceutical 

composition described herein is formulated for parenteral administration. In another example, the 

pharmaceutical composition described herein is formulated for intravenous administration. In 

another example, the pharmaceutical composition is formulated as admixture, whereby, for 

example, each compound is provided separately, to be mixed shortly before administration. 

[0079] 	Compositions as described herein include, but are not limited to, solutions, emulsions, 

and liposome-containing formulations. These compositions may be generated from a variety of 

components that include, but are not limited to, preformed liquids, self-emulsifying solids and 

self-emulsifying semisolids. 

[0080] 	The formulations as described herein, which may conveniently be presented in unit 

dosage form, may be prepared according to conventional techniques well known in the 

pharmaceutical industry. Such techniques include the step of bringing into association the active 

ingredients with the pharmaceutical carrier(s) or excipient(s). In general the formulations are 

prepared by uniformly and intimately bringing into association the active ingredients with liquid 

carriers or finely divided solid carriers or both, and then, if necessary, shaping the product. 
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[0081] 	The composition, shape, and type of dosage forms of the pharmaceutical composition 

as disclosed herein will typically vary depending on the intended use. For example, a dosage 

form used in the acute treatment of a disease or a related disease may contain larger amounts of 

one or more of the active compound it comprises than a dosage form used in the chronic 

treatment of the same disease. Similarly, a parenteral dosage form may contain smaller amounts 

of one or more of the active compound it comprises than an oral dosage form used to treat the 

same disease or disorder. These and other ways in which specific dosage forms encompassed by 

this invention will vary from one another will be readily apparent to those skilled in the art. 

Examples of dosage forms include, but are not limited to: tablets; caplets; capsules, such as soft 

elastic gelatine capsules; cachets; troches; lozenges; dispersions; suppositories; ointments; 

cataplasms (poultices); pastes; powders; dressings; creams; plasters; solutions; patches; aerosols 

(e.g., nasal sprays or inhalers); gels; liquid dosage forms suitable for oral or mucosal 

administration to a patient, including suspensions (e.g., aqueous or non-aqueous liquid 

suspensions, oil-in-water emulsions, or a water-in-oil liquid emulsions), solutions, and elixirs; 

liquid dosage forms particularly suitable for parenteral administration to a patient; and sterile 

solids (e.g., crystalline or amorphous solids) that can be reconstituted to provide liquid dosage 

forms suitable for parenteral administration to a patient. Thus, in one example, the 

pharmaceutical composition as disclosed herein is provided in a form selected from, but not 

limited to, tablets, caplets, capsules, hard capsules, soft capsules, soft elastic gelatine capsules, 

hard gelatine capsules, cachets, troches, lozenges, dispersions, suppositories, ointments, 

cataplasms, poultices, pastes, powders, dressings, creams, plasters, solutions, injectable 

solutions, patches, aerosols, nasal sprays, inhalers, gels, suspensions, aqueous liquid suspensions, 

non-aqueous liquid suspensions, oil-in-water emulsions, a water-in-oil liquid emulsions, 

solutions, sterile solids, crystalline solids, amorphous solids, solids for reconstitution or 

combinations thereof. 

[0082] 	Dosing is dependent on severity and responsiveness of the disease state to be treated, 

with the course of treatment lasting from several days to several months, or until a cure is 

effected or a diminution of the disease state is achieved. Optimal dosing schedules can be 

calculated from measurements of drug accumulation, or metabolites thereof, in the body of the 

patient. The administering physician can easily determine optimum dosages, dosing 

methodologies and repetition rates. Optimum dosages may vary depending on the relative 
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potency of the composition, and can generally be estimated based on arithmetic means, for 

example based on EC50  values found to be effective in in vitro and in vivo animal models, or 

based on the examples described herein. In general, dosage of the pharmaceutical composition 

according to the present disclosure is from about 0.01 pg to 100 g/kg of body weight, and may be 

given once or more daily, weekly, monthly or yearly. The treating physician can estimate 

repetition rates for dosing based on measured residence times and concentrations of the drug in 

bodily fluids or tissues. Following successful treatment, it may be desirable to have the subject 

undergo maintenance therapy to prevent the recurrence of the disease state, wherein the 

composition is administered in maintenance doses, ranging from 0.01 pg to 100 g/kg of body 

weight, once or more daily, to once every 2 years. 

[0083] 	As mentioned above, a person skilled in the art would be able to ascertain, based on, 

for example, disease severity, the required dosage amount and dosage regime required to attain 

the desired clinical effect. The following is used as an illustrative example of an intravenous 

injection, which may be amended as required for other modes of administration. In one example, 

the method, as disclosed herein, is to be administered to a subject as at least one injection. In one 

example, more than a single injection may be administered to a patient at any given time. In yet 

another example, the method as disclosed herein may require that a single injection be 

administered to the patient more than once within a specified treatment timeframe or regime. In 

yet another example, the method as disclosed herein may require that more than two or more 

injections be administered to the patient more than once within a specified treatment timeframe 

or regime. This means, at according to clinical requirements, the subject may be given an initial 

treatment in the form of an injection, whereby further treatment may follow at interval of, for 

example, 3 day, 7 days, weekly, 2 weeks, fortnightly, 1 month, monthly, quarterly, biannually, 

annually or longer, depending on the treatment designed for the subject. If required, the method 

disclosed herein may also be used as in combination therapy with other drugs or pharmaceutical 

compositions. 

[0084] 	It is also of note that efficacy of, for example, a single factor treatment, is dependent 

on the severity of the disease to be treated at the time of treatment onset. For example, based on 

the clinically known severity score for, for example, GVHD, it was found that the efficacy of the 

treatment of GVHD with for example, anti-CCL24, was dependent on the severity of the GVHD 

to be treated. That is to say that if the GVHD was considered to be mild or moderate, the single 
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compound treatment was effective. However, when the severity of the GVHD to be treated was, 

for example, considered to be severe, a single compound treatment (for example, anti-CCL24 

alone) was no longer considered to be effective enough to show, for example, disease remission 

or a reduce in inflammatory markers. Thus, in such severe cases of immunological diseases, a 

person skilled in the art may consider the use of more than one compound or pharmaceutical 

composition as disclosed herein. 

[0085] 	The invention illustratively described herein may suitably be practiced in the absence 

of any element or elements, limitation or limitations, not specifically disclosed herein. Thus, for 

example, the terms "comprising", "including", "containing", etc. shall be read expansively and 

without limitation. Additionally, the terms and expressions employed herein have been used as 

terms of description and not of limitation, and there is no intention in the use of such terms and 

expressions of excluding any equivalents of the features shown and described or portions thereof, 

but it is recognized that various modifications are possible within the scope of the invention 

claimed. Thus, it should be understood that although the present invention has been specifically 

disclosed by preferred embodiments and optional features, modification and variation of the 

inventions embodied therein herein disclosed may be resorted to by those skilled in the art, and 

that such modifications and variations are considered to be within the scope of this invention. 

[0086] 	Throughout this disclosure, certain embodiments may be disclosed in a range format. 

It should be understood that the description in range format is merely for convenience and 

brevity and should not be construed as an inflexible limitation on the scope of the disclosed 

ranges. Accordingly, the description of a range should be considered to have specifically 

disclosed all the possible sub-ranges as well as individual numerical values within that range. For 

example, description of a range such as from 1 to 6 should be considered to have specifically 

disclosed sub-ranges such as from 1 to 3, from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from 

3 to 6 etc., as well as individual numbers within that range, for example, 1, 2, 3, 4, 5, and 6. This 

applies regardless of the breadth of the range. 

[0087] 	The invention has been described broadly and generically herein. Each of the narrower 

species and sub-generic groupings falling within the generic disclosure also form part of the 

invention. This includes the generic description of the invention with a proviso or negative 

limitation removing any subject matter from the genus, regardless of whether or not the excised 

material is specifically recited herein. 
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[0088] 	Other embodiments are within the following claims and non- limiting examples. In 

addition, where features or aspects of the invention are described in terms of Markush groups, 

those skilled in the art will recognize that the invention is also thereby described in terms of any 

individual member or subgroup of members of the Markush group. 

EXPERIMENTAL SECTION 

Cell preparation 

[0089] 	Umbilical cord blood mononuclear cells (UCB-MNCs) were isolated from fresh cord 

blood obtained from Singapore Cord Blood Bank with Ficoll-paque plus (density 1.077g/1, GE 

Healthcare) using an established protocol. 

[0090] Bone marrow (BM)-MSCs were obtained from the BM aspirates of healthy donors 

(Singapore General Hospital, Department of Hematology). It was cultured in Dulbecco's 

modified Eagle's Medium (DMEM) supplemented with 20% heat-inactivated Fetal Bovine 

Serum (FBS) (Gibco) in 37°C, 5% CO2  incubator. Non-adherent cells were removed after 48 

hours, and adherent cells were maintained with medium replenishment every 3-4 days until 

reaching to 90-100% confluence. It was passaged at 1:3 ratios using 0.05% trypsin-EDTA 

(Gibco) and only cells before 10 passages were used. 

[0091] 	Human cryopreserved peripheral blood mononuclear cells (PBMCs) were obtained 

from healthy donors (Singapore General Hospital, Repository of Department of Hematology). 

Immunosuppression of MSCs in mixed lymphocyte reaction (MLR) 

[0092] MLR served as an in vitro GVHD model and was initiated by co-culturing two HLA-

mismatched UCB-MNCs at 15:1 effector/target (E/T) ratios in StemSpanTm  medium (Stem Cell 

Technologies) for 20 hours in 37°C, 5% CO2  incubator. The mixed lymphocytes (ML) were 

treated with BM-MSCs by co-culture without transwell inserts (i.e. physical direct contact) or 

with transwell inserts (i.e. indirect bidirectional regulation via the two secretomes) or with BM-

MSC-conditional medium. Transwell inserts were placed at 0.5mm and 0 9mm above the well 

bottom, and the 1-day old BM-MSC culture medium was used as conditional medium (1d-

CM).Untreated MLR was used as a negative control to set the cell-mediated cytotoxicity baseline 

of the MLR. The cell-mediated cytotoxicity was measured by lactate dehydrogenase (LDH) 

cytotoxicity detection kit (Roche). Following the kit instruction, the detection plate was 

incubated in the dark for 20 minutes at room temperature, and absorbance was measured at 490 
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nm with 650 nm as reference wavelength using Benchmark Plus microplate spectrophotometer 

(Bio-Rad). 

Detection of MSC-modulated cytokines 

[0093] After 20 hours incubation, supernatant from cultures of ML, BM-MSCs and ML with 

BM-MSCs was collected and centrifuged at 400g for 10mins. The supernatants were analysed 

with the Raybio®  human cytokine antibody array G series 1000 (containing 120 kinds of 

cytokines antibody) according to the manufacturer's instructions. Incubated slides were scanned 

and analysed by Axon Genepix 6.1. 

Identifying critical factors in the MSC secretome by FD 

[0094] Twelve molecules (six upregulated proteins-OPG, CCL7, CCL8, CCL20, CXCL5 and 

CXCL6; four antibodies against downregulated proteins-M-CSF, IL-1(3, CCL-1 and CCL24; and 

two control molecules-IL-10 and PGE2 (R&D systems)) were individually titrated. All the 

proteins and antibodies were purchased from Peprotech. For each molecule, the lowest working 

concentration that caused the maximum repression of cytotoxicity by MLR was used for further 

analysis. In order to determine the optimal combination of interested cytokines, the twelve 

molecules were arranged in a 212  fractional FD table (Table 3). There were twelve factors with 

two levels. Level-1 meant without addition of this interested molecule, level-2 meant addition of 

this interested molecule with optimal working concentration. Condition-1 without addition of 

any interested molecules served as negative control; Condition-16 with addition of full panel of 

interested molecules and MLR laid on MSCs served as positive control respectively. 

[0095] 	Based on the maximal extend attenuating cell-mediated cytotoxicity, another 27  

factorial FD (Table 4) was derived from Condition-6 in 212  fractional FD, which involved IL-10, 

OPG, CXCL5, CXCL6, CCL20 anti-CCL1 and anti-CCL24. 

[0096] 	Similarly, a 24  full FD (Table 5) was further derived from Condition-6 in 27  fractional 

FD, which involved OPG, CXCL5, anti-CCL1 and anti-CCL24. 

Maximum tolerance dose (MTD) study 

[0097] Two doses of anti-CCL24 antibody and CXCL5 chemokine were administrated to 8-

10 week-old healthy NSG mice by intravenous (IV) injection at day-1 and day-3 of every week. 

Injection dose was gradually increased at the beginning of every week (Table 6). The mice body 

weight and survival were monitored every other day for consecutive 30 days. 

Mice 
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[0098] 	Non-obese diabetic/severe combined immunodeficient-IL2R gammanull  (NOD.Cg- 

Prkdecid  //2rg"iwii/SzJ, NSG) mice and MLR/MpJ-FasiPra (Fasiw) mice were purchased from 

Jackson Laboratories. Mice were housed in SingHealth Experimental Medicine Centre and all 

animal experiments were conducted with the approval of SingHealth Institutional Animal Care 

and Use Committee (IACUC). For GVHD induction, the age of NSG mice used in all 

experiments was between 8-10 weeks. For SLE, only female Fasiw mice were used and the 

average age of auto-onset of disease was around (14-16)-week-old. 

GVHD induction and treatment 

[0099] Moderate and severe xenogeneic GVHD mouse model was induced by injecting 

200 x106cells/kg and 400 x106cells/kg of human cryopreserved PBMCs to NSG mice respectively 

by IV injection via tail vein. 240 cGy of irradiation was given to the mice 3-4 hours before the 

transplantation. NSG mice showed onset of GVHD on 10-12 days post-transplantation (PT). 

Hence, treatment with 2F cocktail, single format of CXCL5 and anti-CCL24 antibody was given 

on day-10, day-14, day-17 and day-21 PT. NSG mice injected with dPBS were used as negative 

control. Mice injected with BM-MSCs (10x106cells/kg, single injection on day-10) and CsA 

(15mg/kg, Novartis) were used as positive control. Injection volume was normalized to the body 

weight of the mice. Mouse survival was monitored daily, while clinical scoring was done every 

three days. 30-40u1 of mouse peripheral blood (PB) was collected from tail vein every 3 days, 

from day 18 onwards until day 36 post-treatment. Mouse plasma and isolated cells from PB, 

marrow and spleen were used for luminex assay (Bio-rad) and flow cytometry analysis (CyAN, 

Beckman coulter). As used herein, the term "PT" stands for post-transplantation of human 

PBMCs. At day 0, human PBMCs were transplanted into NSG mice to create the referenced 

GVHD model. The onset of GVHD is took place around day 10 to day 12 PT. Treatment of the 

sick mice commenced on day 10, day 14, day 17 and day 21 PT, and samples were taken from 

the mice on day 18, 21, 24, 27, 30, 33 and 36 PT. 

Systemic lupus erythematosus (SLE) treatment 

[00100] MLR/MpJ-FasiPra (FasiPr) mice, homozygous for the lymphoproliferation spontaneous 

mutation, show systemic autoimmunity, massive lymphadenopathy associated with proliferation 

of aberrant T cells, arthritis, and immune complex glomerulonephrosis. Because of the 

manifestation similarity between FasiPr  mice and SLE patients, FasiPr  mice can be used as SLE 

mouse model. 
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Fasiw mice automatically showed onset of disease around 16 weeks of age, on average. 10 times 

of weekly 2FC treatment was given on 16-week-old mice. Fourteen doses of 2F cocktail 

treatment were weekly given to 16-week-old (16w) female FasiPr  mice. 5-10x106  cells/kg of BM-

MSCs and dPBS were used as positive and negative control. The efficacy of 2F cocktail in SLE 

was evaluated by the improvement of mice survival, kidney function and reduction of 

autoantibodies secretion. Mice plasma and urine were collected on 14w-, 18w-, 22w-, 26w- and 

30w-old mice. Autoantibodies secretion was measured by anti-dsDNA Ig's (A+G+M) ELISA kit 

(alpha diagnostic international). Kidney function was assessed by urine albumin-to-creatinine 

ratio (ACR). Mouse albumin ELISA kit was from abcam, creatinine colorimetric assay kit was 

from Cayman chemical. Autoantibody and ACR detections followed the standard protocol 

provided by the manufacturer. 

Clinical and histological scoring 

[00101] Mouse survival was monitored daily and clinical score (for GVHD) was monitored 

every three days. The assessment of clinical GVHD index was based on five parameters: weight 

loss, posture, activity, fur texture and skin integrity, giving a maximum index of 10. At 

experimental end-point on day30 post-treatment, histological evaluation was performed on 

representative mice on the following tissues: skin, small intestine and kidney with Haematoxylin 

and Eosin (H&E) stain. Key histological parameters assessed were different for each tissue type 

according to accepted published criteria for acute GVHD in the different organ systems. Basal 

vacuolar change, spongiosis and lymphocytic satelittosis were graded for skin; crypt apoptosis, 

lymphocytic inflammation and intraepithelial lymphocytosis was graded for small intestine; and 

interstitial inflammation, tubulitis and arterial changes were graded for kidney. All parameters 

were graded with 4 tiers (none, mild, moderate and severe) and given a score of 0-3, giving a 

maximum index of 27 (Table 7). The slides were scored in blinded fashion by a single observer. 

ELISA and Luminex assay 

[00102] Anti-dsDNA antibody concentration in FasiPr  mice plasma was determined using 

Mouse Anti-dsDNA Antibodies Total Ig ELISA kit (Alpha Diagnostic). 150-200u1 of mouse 

peripheral blood was harvested by cheek bleeding every 4 weeks from mice aged 14-week-old 

onwards until 26-weeks old. 4,000 times diluted FasiPr  mice plasma samples were incubated in 

the 96-well-plate for 1 hour. Then anti-Mouse Ig HRP conjugate was added and incubated for 30 

minutes. TMB substrate was added for 15 minutes and finally the reaction was halted with stop 
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solution. Five complete wash steps were required between each incubation step. The plate was 

read on Bio Rad microplate spectrometer at 450nm. 

[00103] Using luminex technology, multiple analytes can be detected simultaneously in the 

same sample. Circulating human source cytokines/chemokines were measured using a Bio-plex 

Pro Human Cytokine 17-plex kit (Bio-rad). It included analytes of G-CSF, GM-CSF, IFN-y, IL-

10, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12, IL-13, IL-17A, MCP-1, MIP-1 0 and TNF-a 

in the analysis. Following the standard protocol, 16 times diluted plasma samples were incubated 

with magnetic beads for 2 hours, the with detection antibodies for 1 hour and finally with 

streptavidin-PE for 10 minutes at room temperature. Three complete wash steps were required 

between each incubation step. The plate was read on Milliplex Analyzer (Millipore) with 

Luminex xPONENT software. 

Albumin and creatinine detection 

[00104] Kidney function damage of Faslpr mice was evaluated by measuring the changes of 

urinary albumin to creatinine ratio (ACR). 20-50u1 of urine was harvested by bladder massage 

every 4 weeks from 14-week-old onwards until 26-week-old. Albumin concentration was 

detected by Mouse Albumin ELISA kit (Abcam). Following the standard protocol, 100,000 

times diluted Faslpr  mice urine samples were incubated in the primary antibody coated 96-well-

plate for 2 hours, biotinylated antibody for 1 hour, streptavidin-peroxidase for 30 minutes, 

chromogen for 15 minutes and finally with the stop solution. Five times complete wash were 

required between each incubation step. The plate was read on Bio Rad microplate spectrometer 

at 450nm 

[00105] Creatinine level was detected by Jaffe's reaction using Creatinine Colorimetric Assay 

kit (Cayman) Following the standard protocol, 20 times diluted Faslpr mice urine samples and 

alkaline picrate solution was added to the 96-well-plate. Plate was incubated in room temperature 

for 10 minutes and read on Bio Rad microplate spectrometer at 490nm 

Flow cytometry analysis 

[00106] Cells isolated from NSG mouse peripheral blood (PB) harvested from tail vein, BM 

and spleen were subjected to flow cytometric analysis using CyAN (Beckman coulter) with 

Summit software. For cell surface markers, the following antibodies were used: hCD45-PE-Cy7 

(H130), hCD3-ECD (UCHT1) (Beckman coulter), hCD4-PerCP-Cy5.5 (SK3), hCD8-APC 

(RPA-T8), hCD56-FITC (NCAM16.2), hCD25-PE-Cy7 (M-A251), hFoxP3-PE (259D/C7), 
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hIFN-y-BV421 (4S.B3), hIL-17A-AF647 (N49-653), hCD68-BV421 (Y1/82A), hCD19-FITC 

(H1B19), hCD34-BV421 (581); and mCD45-AF700 (30-F11), mCD45-FITC (30F11) (Miltenyi 

Biotec), mCD1 lb-APC (M1/70), Ly6G-PC7 (1A8). 

[00107] For intracellular staining, cells were stimulated with 5Ong/m1 of PMA (Sigma-Aldrich) 

and 1ug/m1 of ionomycin (Sigma-Aldrich) overnight (12-16 hours) at 37°C. 3µg/m1 of brefeldin 

A (Sigma-Aldrich) was added one hour after incubation. Activated cells were further fixed and 

permeabilized by Fixation/Permeabilization solution (Miltenyi Biotec) for 45 minutes at 2-8°C. 

Then the cells were washed with permeabilization buffer two times and stained with intracellular 

antibodies for 30 minutes at 2-8°C in the dark. 

[00108] For cells isolated from Fast' mouse spleen, mesenteric lymph node and thymus, the 

following antibodies were used: mCD45-PE (30F11), mCD19-FITC (1D3), mCD3-PC7 (17A2), 

mCD4-APC-CY7 (GK1.5), mCD8a-V500 (53-6.7), mCD1 lc-Percp-cy5.5 (HL3), mCD49b-APC 

(DX5), mLy6G-PC-Cy7 (1A8), mCD11b-APC (M1/70) and mCD1d-BB515 (1B1). All 

antibodies were purchased from BD Biosciences unless otherwise specified. 

Statistical analysis 

[00109] Factorial design experiments were analysed using ANOVA. Student paired t-test was 

used to do the significance analysis. p<0.05 was considered statistically significant. The overall 

trend difference was compared by means of generalized estimating equation (GEE) model. 

MSCs modulate allogenic immune reactions through paracrine factors 

[00110] Conditioned medium from a 24h, pure BM-MSC culture was able to reduce cell-

mediated cytotoxicity to 83.9±8.1% in in an in vitro GVHD model-MLR (Figure 1). Cytotoxicity 

was further reduced when the BM-MSC was co-cultured with the MLs in transwell inserts; 

suggesting that the BM-MSC secretome might be partially regulated by the MLs. The degree of 

reduction in cytotoxicity is influenced by the physical distance between the two cell types. It was 

reduced to 62.2±3.2% at 0.9mm and 47.5±6.5% at 0.5mm The maximum reduction occurred 

when the cells were in physical direct contact (27.9±3.6%). These results indicate that the 

immunosuppressive effect of MSCs is partly or wholly paracrine in nature and is negatively 

correlated to the separation between the MLs and MSCs. 

MSC—secreted paracrine factors were elucidated by cytokine antibody array 

[00111] Factors that presented in the BM-MSC/ML co-culture and in single cultures were 

identified using a cytokine antibody array (Figure 2). With a selection criterion of at least a 
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three-fold change in cytokine expression levels, five upregulated proteins were identified, 

namely CCL20, CCL8, CXCL5, OPG and CXCL6, as well as three downregulated proteins, IL-

1(3, CCLland CCL24 (Table 2). In order to ascertain that relevant factors were not missed by the 

arbitrary three-fold cut-off, 2 factors with a fold-change between 2 and 3 were randomly chosen 

(CCL7 and M-CSF) and added to the subsequent validation experiments. 

Optimal working concentration of immunosuppression relevant factors was determined 

[00112] For further studies to identify critical factors amongst the 10 candidates, the working 

concentration of each upregulated factors and antibody against downregulated factors had to be 

established. Dose response curves of cytotoxicity repression in MLR were generated and the 

lowest concentration to general maximum repression was selected as the working concentration 

(Figure 3). PGE2 and IL-10 were reported to be effective in modulating cell proliferation and 

cytotoxicity on CD4+  helper T cells, CD8+  cytotoxic T cells and nature killer cells; hence they 

were included as control molecules. The optimal in vitro working concentrations were: 5Ong/m1 

of CCL20, lOng/m1 of CXCL6, 5Ong/m1 of CCL7, lOng/m1 of CCL8, lOng/m1 of OPG, lOng/m1 

of IL-10, 5Ong/m1 of CXCL5, 21LIM of PGE2 and 2µg/ml of anti-CCL1, 1µg/ml of anti-IL-1(3, 

liag/m1 of anti-M-CSF, 2µg/ml of anti-CCL24 antibody respectively 

[00113] Among these twelve factors, anti-CCL1 antibody affected the highest level of 

cytotoxicity repression (42.7±4.1%). But it was still significantly higher than the 22.7±2.8% 

from MLR with direct contact between BM-MSC and ML (p<0.001). This indicated that 

inhibition or promotion of any single factor from the list could not fully mimic the 

immunosuppressive effect of MSCs. This means that, while single factors were shown to be 

effective, they are not considered to be as effective as the combinations, when comparing the 

resulting immunosuppressive effect. Having said that, it is also noted, as mentioned previously in 

this application, that the severity of the disease to be treated has an effect on the efficacy of the 

treatment chosen. Hence, without being bound by theory, it is thought that MSC modulated 

immunosuppression through a combination of factors, of which the optimal combinations were 

identified and validated using by factorial design. 

Optimal combination of immunosuppression relevant factors were determined by FD 

[00114] Factorial design is an efficient method for determining the effects of multiple variables 

on a single response. It can reduce the number of experiments by studying multiple factors 

simultaneously. Here, a 212  fractional FD was used to determine the optimal combination and 
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relative importance of 12 factors of interest (Table 3). The relative cell-mediated cytotoxicity of 

212  fractional FD was showed in Figure 4A. The optimal combination was C6, which comprised 

seven factors: CCL20, CXCL6, OPG, IL-10 and CXCL5 protein as well as anti-CCL1 and anti-

CCL24 antibodies, which reduced the relative cell-mediated cytotoxicity to 11.1±5.8%. It was 

even more effective than the full panel control (21.1±6.9%) and the BM-MSC co-culture with 

direct contact (20.7±6.0%) (p<0.05). 

[00115] From variance analysis, the relative importance of these twelve factors in immune 

suppression was determined. anti-CCL24 (F=11.09) > IL-10 (F=4.38) > OPG (F=2.92) > 

CXCL5 (F=2.62) > anti-IL-10 (F=2.52) > CXCL6 (F=2.14) > anti-M-CSF (F=2.09) > anti-CCL1 

(F=1.89) > CCL20 (F=0.48) > PGE2 (F=0.12) > CCL7 (F=0.10) > CCL8 (F=0.09) (p<0.05, 

Fstaustic cut-o 10.10). There was significant impact on immunosuppression when F value was 

more than 10.10. Hence, only anti-CCL24 antibody significantly affected cell mediated 

cytotoxicity as compared to others. 

[00116] In addition, anti-M-CSF (7th) and CCL7 (11th) were not included in C21 and had F 

statistics that were below the cut-off of 10.10. This indicated that the selection of candidate 

factors was sufficiently stringent. 

[00117] In order to eliminate unnecessary factors in C6 (212  FD), the seven factors were 

subjected to another round of fractional FD experiment (27) (Table 4). The relative cell-mediated 

cytotoxicity of 27  fractional FD was shown in Figure 4B. The optimal combination was C21, 

which consisted of four factors: CXCL5, OPG protein and anti-CCL1, anti-CCL24 antibodies. It 

could reduce the relative cell-mediated cytotoxicity to 16.1±2.1% (n=3), which is superior to 

45.8±14.3% in the full panel control. 

[00118] These four factors were further analysed in a full FD (Table 5). The relative cell-

mediated cytotoxicity was shown in Figure 4C. The optimal combination was C32, which 

consisted of only two factors: CXCL5 and anti-CCL24 antibody. It could suppress the relative 

cell-mediated cytotoxicity to 37.7±6.2%, which is comparable to 44.7±4.9% in the full panel 

control C38. Thus, through serial FDs, a two factor (2F)-cocktail comprising CXCL5 and anti-

CCL24 antibody was finally established. 

Safe administration dose, side effect on neutrophil and red blood cell (RBC) count as well 

as toxicity test 
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[00119] Before validating the immunosuppressive effect of the 2F cocktail in mice, the safety 

dose of each factor needs to be established. 

[00120] CXCL5 and anti-CCL24 antibody were administered to 8 to 10 week old healthy NSG 

mice (Table 6). The survival and body weight changes were monitored for 18 days (Figure 5A). 

The body weight stably maintained when mice were treated with CXCL5 and anti-CCL24 

antibody, which was higher than mice treated with dPBS. All the mice survived to the end of the 

experiment (18 days). Mice injected with either of the factors (at all doses) did not show 

abnormal clinical symptoms during the experiment. Overall, administration of the 6µg/m1 of 

anti-CCL24 and 200ng/m1 of CXCL5 twice per week was well-tolerated and was deemed safe to 

use for subsequent in vivo studies. Overall, administration of the 6µg/m1 of anti-CCL24 and 

200ng/m1 of CXCL5 twice per week was well-tolerated and was deemed safe to use for 

subsequent in vivo studies. 

[00121] The side effect on neutrophils and RBC count were evaluated in male ICR mice. 

Administration of CXCL5 or anti-CCL24 antibody did not alter neutrophil and RBC count, it 

still kept them in normal range and there was no significant difference between mice treated with 

single factor and dPBS (Figure 5B and 5C). 

[00122] The toxicity of these two factors was also tested in female ICR mice. Administration 

of these two factors did not show any toxicity to mice liver and kidney. There was no significant 

difference in ALT, AST expression level in liver and ACR in kidney between mice treated with 

single factor and dPBS (Figure 5D, 5E and 5F). 

2F cocktail treatment exhibited tremendous immunosuppressive capacity in severe GVHD 

[00123] In order to validate the efficacy of the 2F cocktail in immunosuppression, four doses 

were administered to mice after the onset of GVHD on Day-10, Day-14, Day-17 and Day-21 

post-transplant (PT). 

[00124] In moderate GVHD, the 2F cocktail improved 36-day survival from 61.1% with 

moderate symptoms to 88.9% with mild symptoms (dPBS: 11/18 mice; 2F: 16/18 mice, 

(p<0.05)). This was comparable to BM-MSCs (88.9%, 16/18 mice) and CsA (83.3%, 14/17 

mice), a conventional clinical immunosuppressant (Figure 6A and 6B, Table 7). However, in 

severe GVHD, the 2F cocktail improved 36-day survival from 19.0% with severe symptoms to 

61.9% with mild symptoms (dPBS: 4/21 mice; 2F: 13/21 mice, (p<0.01)). This was significantly 
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better than BM-MSC (8.3%, 2/24 mice (p<0.001)) and CsA (26.1%, 6/23 mice (p<0.05)) (Figure 

6C and 6D). 

The 2F cocktail ameliorated GVHD through suppressing the proliferation and 

differentiation of multiple effector cells 

[00125] In moderate GVHD, the 2F cocktail treatment reduced the proliferation and 

differentiation of helper T cells (especially for Thl and Th17 cells) and NK cells in the 

circulation, and macrophages in the spleen, but did not reduce CTLs and B cells and increase 

regulatory T cells (Tregs) (Figure 7). Concurrently, it also reduced pro-inflammatory cytokine 

IFN-y, IL-6, IL-8, IL-17A, MIP-1/3 and MCP-1 secretion in the circulation (Figure 8). These 2F-

elicited changes did not affect the reconstitution of CD34+  human hematopoietic stem/progenitor 

cells (HSCs/HPCs) in the bone marrow. 

Anti-CCL24 and CXCL5 affect immunosuppression in a concerted manner 

[00126] In moderate GVHD, anti-CCL24 antibody or CXCL5 could effectively mimic the 

immunosuppressive effect of the 2F cocktail. It maintained mice 36-day survival at 78.3% 

(CXCL5: 18/23 mice) and 82.6% (anti-CCL24: 19/23 mice) with mild symptoms, while the 2F 

cocktail treatment maintained survival at 81.0% (17/21 mice) (Figure 9A and 9B). However, in 

severe GVHD, single factor lost its immunosuppressive capacity. Survival dropped to 26.1% 

(6/23 mice) and 16.7% (3/18 mice) with moderate symptoms when mice were treated with 

CXCL5 or anti-CCL24 antibody (Figure 9C and 9D). The results were significantly lower than 

in mice treated with the 2F cocktail (61.9%, 13/21 mice) (p<0.05). Cell population assay 

demonstrated that CXCL5 or anti-CCL24 antibody alone gave suboptimal immunosuppression 

effect on circulating CTLs, Thl cells, splenic macrophages and NK cells (Figure 10, A and B). 

This suggested that the two factors exhibit a concerted effect in severe GVHD. This is consistent 

with our in vitro observation that MSCs modulated immune reaction through multiple factors 

rather than through a single factor. It was also supported by the protein assay as CXCL5 was 

solely comparable to the 2F cocktail in the suppression of pro-inflammatory cytokines IFN-y, IL-

6, IL-8, and MIP-10; while anti-CCL24 antibody was solely comparable in the suppression of 

IFN-y, IL-6 and MIP-1/3 (Figure 11). 

The 2FC treatment attenuated SLE symptoms and prolonged the mice survival 

[00127] The 2FC treatment attenuated SLE symptoms and prolonged the mice survival GVHD 

occurs when the graft rejects the host, whereas autoimmune disease is a condition arising from 
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an abnormal immune response to a normal body part. The underlying principle is about 

alloimmunity in GVHD and autoimmunity in autoimmune disease. To some extent, they are 

sharing the same pathogenesis. Because of the profound immunosuppressive capacity in GVHD 

and the pathogenesis similarity, we intend to validate the pre-clinical efficacy of the 2FC in 

autoimmune diseases. 

[00128] In SLE model, Faslw mice 10 weeks post-treatment survival was significantly 

improved from 33.3% (dPBS: 9/27 mice) to 55.6% (2FC: 10/18 mice, p<0.05), which was 

comparable to BM-MSCs treatment (59.3%, 16/27 mice) (Fig 12, A). It was better than single 

factor CXCL5 (28.6%, 4/14 mice) or anti-CCL24 antibody (10%, 1/10 mice) treatment (Fig 12, 

B, p<0.05). This result suggests that CXCL5 concerted with anti-CCL24 antibody to exert its 

immunosuppression function. In addition, In addition, single BM-MSC treatment was better than 

multiple BM-MSC (monthly) treatment (39.1%, 9/23 mice) even the significance was not 

achieved (Fig 12, C). For autoantibody secretion including IgA, IgG and IgM, the 2FC treatment 

reduced its increasing rate. However, this phenomenon was not observed in BM-MSCs treatment 

(Fig 12, D). The lymphoproliferation was reduced as the weight of mesenteric lymph node, 

spleen and thymus relative to its own body weight was reduced from 8.4% to 6.3% when mice 

were treated with the 2FC for 3 weeks (p<0.05). While this effect was only observed in part of 

Fast' mice when mice were treated with BM-MSCs (Fig 12, E). Mice kidney function was 

improved as the 2FC treatment continuously slowed down the ACR increment during 10 weeks 

treatment period, while BM-MSCs treatment could only provide the short term protection for 4-5 

weeks and then lost its kidney protection function (Fig 12, F). This phenomenon was consistent 

with histological observation (Fig 12, G). The massive lymphocytes infiltration was significantly 

reduced in mice treated with the 2FC, while just reduced in some mice those treated with BM-

MSCs. The proliferation of effector cells, such as dendritic cells (DCs), monocytes/macrophages 

and natural killer cells (NK cells) were significantly suppressed in mesenteric lymph nodes (LN), 

thymus and spleen by the 2FC treatment (Fig 12, H and I). Beyond that, helper T cells were also 

suppressed significantly in thymus (Fig 12, J). These effects were more potent than those 

observed with BM-MSCs treatment. 
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Relative expreasion (fold change) 
Cytokine 	 MLR on MSC 

MLRO4SOCINU 

Table 2. List of regulated proteins 

MIP-3-alpha (CCL20) 	 29.79±34.05 
MCP-3 (CCL8) 	 4.93±5.22 

ENA-78 (CXCL5) 	 4.77±1.90 
OPG 	 4.21±1.21 

GCP-2 (CXCL6) 	 3.52±5.53 
IL-1 beta 	 0.33±0.23 

1-309 (CCL1) 	 0.31±0.25 
Eotaxin-2 (CCL24) 	 0.17±0.09 

Results were expressed as mean ± S.E., n=3 
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Condi 

anti-
CCL24:: 

f;CL2q, i OPG CXCL5 CXCL6 
anti- 

C'CLI 

Table 4. Experimental condition in 27  fractional FD 

C1 
(MLR) 

C17 

C18 

C19 

C20 

C21 

C22 

C23 

Full panel 

"1" indicates that the substance is not present; "2" indicates that the substance is present. 

(50ng/m1) ( 1 Ong/ 1) 

1 1 

2 

(50ng/m1 (lOng/m1) 
2 

1 
(1Ong/m1) 

2 

(50ng/m1) 
1 

2 
1 

(lOng/m1) 

2 

(50ng/m1) 
1 

2 2 
(50ng/m1) (lOng/m1) 

1 	1 	1 

1 
2 	2 

(lOng/m1) (lOng/m1) 
2 	2 2

1 (lOng/m1 (lOng/m1 
2 	

1 
2 

(2ug/ml) 	 (1Ong/m1) 
2 	 2 

(2ug/ml) 	 (lOng/m1) 
2 	2 

1 
(2ug/ml) (lOng/m1) 

2 	2 
2ug/m1 (lOng/m1 

2 	2 	2 
(2ug/ml) (lOng/m1) (lOng/m1) 

1 
	

1 
	

1 1 

2 

1 

2 

1 

2 

1 

2 
(2µg/m1) (5Ong/ml)  

2 2 
(2µg/m1) (50ng/m1) 

1 1 
 

2 
1 

(50ng/m1) 
2 

(2µ g/m1) 
1 

 
2 

1 
(2µg/m1) 

2 
1 (50ng/m1)  

2 2 
(2µg/m1) (50ng/m1) 

44 



Table 5. Experimental condition in 24  full FD 

5 

anti-CCLI. 	anti-CCL24 	OPG CXCL5 
Factor 

Condition 

Cl (MLR) 

C24 
C25 
C26 
C27 

C28 

C29 
C30 
C31 
C32 
C33 
C34 
C35 
C36 

C37 
C38-Full 

panel 

1 

2 (2ug/m1 
1 

1 

2 (2ug/m1) 
2 (2ug/ml) 
2 (2ug/ml)  

1 

1 
2 (2ug/ml)  
2 (2ug/ml) 
2 (2ug/ml)  

1 

2 (2ug/ml 

1 

1 
2 (2ug/ml 

1 
1 

2 (2ug/ml 
1 
1 

2 (2ug/ml 
2 (2ug/ml 

1 
2 (2ug/ml 
2 (2ug/ml 

1 

2 (2ug/ml 

2 (2ug/ml 

1 

1 

2 (lOng/ml)  
1 

1 
2 (lOng/inl)  

1 
2 (lOng/inl)  

1 
2 (lOng/m1) 
2 Ong/ml)  

1 
2 Ong/ml)  
2 (lOng/m1) 

2 (lOng/ml)  

1 

1 
2 (50ng/ml)  

1 

2 (50ng/ml)  
1 

2 (50ng/ml)  
2 (50ng/m1) 

1 

2 (50ng/m1) 
2 (50ng/m1) 

2 (50ng/m1) 

2 (50ng/ml)  

"1" indicates that the substance is not present; "2" indicates that the substance is present. 

Table 6. Dosage for MTD study 

Time 
:::Soluble fat 

Week-1 Week-2 	Week-3 Week-4 

    

dPBS 
anti-CCL24 

CXCL5 

100µ1/mouse 
1µg/ml 

lOng/m1 

100µ1/mouse 
21.1g/m1 

5Ong/m1 

100µ1/mouse 

6µg/m1 
10Ong/m1 

100µ1/mouse 

200ng/ml 
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Claims 

1. An pharmaceutical composition comprising at least one antibody and at least one 

mesenchymal stromal cell-derived protein, 

wherein the antibody targets one or more of the cytokines selected from the group 

5 	consisting of macrophage colony-stimulating factor (M-CSF), Interleukin-lbeta (IL-

1(3), CCL-1 (1-309) and CCL24 (Eotaxin-2); 

wherein the mesenchymal stromal cell-derived protein is selected from the group 

consisting of PGE2 (prostaglandin E2), OPG, CCL7 (MCP-2), CCL8 (MCP-3), 

CCL20 (MIP-3a), CXCL5 (ENA-78), IL-10 and CXCL6 (GCP-2). 

10 

2. The pharmaceutical composition of claim 1, wherein the pharmaceutical composition 

is as shown in the table below: 

Composition 

C2a CXCL5; anti-CCL1; anti-ILlb; anti-M-CSF; anti-CCL24 

C3a CCL8; CCL7; OPG; IL-10; anti-CCL24 

C4a CCL8; CCL7; OPG; IL-10; CXCL5; anti-CCL1; anti-ILlb; anti-M-

CSF 

C5a CCL20; CXCL6; OPG; IL-10; anti-ILlb; anti-M-CSF 

C6a CCL20; CXCL6; OPG; IL-10; CXCL5; anti-CCL1; anti-CCL24 

C7a CCL20; CXCL6; CCL8; CCL7; anti-ILlb; anti-M-CSF; anti-CCL24 

C8a CCL20; CXCL6; CCL8; CCL7; CXCL5; anti-CCL1 

C9a PGE2; CXCL6; CCL7; IL-10; anti-CCL1; anti-M-CSF 

ClOa PGE2; CXCL6; CCL7; IL-10; CXCL5; anti-ILlb; anti-CCL24 

C 1 la PGE2; CXCL6; CCL8; OPG; anti-CCL1; anti-M-CSF; anti-CCL24 

C12a PGE2; CXCL6; CCL8; OPG; CXCL5; anti-ILlb 

C13a PGE2; CCL20; CCL7; OPG; anti-CCL1; anti-ILlb 

C14a PGE2; CCL20; CCL7; OPG; CXCL5; anti-M-CSF; anti-CCL24 

C15a PGE2; CCL20; CCL8; IL-10; anti-CCL1; anti-ILlb; anti-CCL24 

C16a PGE2; CCL20; CCL8; IL-10; CXCL5; anti-M-CSF 

C17a CXCL5; CXCL6; anti-CCL1; CCL20 

C18a IL-10; OPG; anti-CCL1; CCL20 
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C19a IL-10; OPG; CXCL5; CXCL6 

C20a anti-CCL24; OPG; CXCL6; CCL20 

C21a anti-CCL24; OPG; CXCL5; anti-CCL1 

C22a anti-CCL24; IL-10; CXCL6; anti-CCL1 

C23a anti-CCL24; IL-10; CXCL5; CCL20 

C28a anti-CCL1; anti-CCL24 

C29a anti-CCL1; OPG 

C30a anti-CCL1; CXCL5 

C31a anti-CCL24; OPG 

C32a anti-CCL24; CXCL5 

C33a OPG; CXCL5 

C34a anti-CCL1; anti-CCL24; OPG 

C35a anti-CCL1; anti-CCL24; CXCL5 

C36a anti-CCL1; OPG; CXCL5 

C37a anti-CCL24; OPG; CXCL5 

C38a anti-CCL1; anti-CCL24; OPG; CXCL5 

	

3. 	The pharmaceutical composition of claim 1, wherein the pharmaceutical composition 

comprises CXCL5 and an anti-CCL24 antibody (C32a). 

5 	4. 	The pharmaceutical composition of any one of the preceding claims, wherein the 

antibody is present in a concentration of about 0.05µg/m1 to about 5µg/m1 

5. The pharmaceutical composition of claim 4, wherein the antibody is present in a 

concentration of about 1µg/m1 or about 2µg/ml. 

10 

6. The pharmaceutical composition of any one of the preceding claims, wherein the 

mesenchymal stromal cell-derived protein is present in a concentration of about 

0.5ng/m1 to about 75ng/ml. 

15 	7. 	The pharmaceutical composition of claim 6, wherein the mesenchymal stromal cell- 

derived protein is present in a concentration of about lOng/ml or 5Ong/ml. 
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8. A method of treating an immunological disorder, the method comprising 

administration of a pharmaceutical composition comprising at least one antibody 

and/or at least one mesenchymal stromal cell-derived protein, 

	

5 	wherein the antibody targets one or more of the cytokines selected from the group 

consisting of macrophage colony-stimulating factor (M-CSF), Interleukin-lbeta (IL-

1(3), CCL-1 (1-309) and CCL24 (Eotaxin-2); 

wherein the mesenchymal stromal cell-derived protein is selected from the group 

consisting of PGE2 (prostaglandin E2), OPG, CCL7 (MCP-2), CCL8 (MCP-3), 

	

10 	CCL20 (MIP-3a), CXCL5 (ENA-78), IL-10 and CXCL6 (GCP-2). 

9. A method of modulating the immune system, the method comprising administration 

of a pharmaceutical composition as defined in claim 8 to a subject. 

	

15 	10. 	The method of any one of claims 8 to 9, wherein the pharmaceutical composition is as 

shown in the table below: 

Composition 

C2a CXCL5; anti-CCL1; anti-ILlb; anti-M-CSF; anti-CCL24 

C3a CCL8; CCL7; OPG; IL-10; anti-CCL24 

C4a CCL8; CCL7; OPG; IL-10; CXCL5; anti-CCL1; anti-ILlb; anti-M-

CSF 

C5a CCL20; CXCL6; OPG; IL-10; anti-ILlb; anti-M-CSF 

C6a CCL20; CXCL6; OPG; IL-10; CXCL5; anti-CCL1; anti-CCL24 

C7a CCL20; CXCL6; CCL8; CCL7; anti-ILlb; anti-M-CSF; anti-CCL24 

C8a CCL20; CXCL6; CCL8; CCL7; CXCL5; anti-CCL1 

C9a PGE2; CXCL6; CCL7; IL-10; anti-CCL1; anti-M-CSF 

ClOa PGE2; CXCL6; CCL7; IL-10; CXCL5; anti-ILlb; anti-CCL24 

C 1 la PGE2; CXCL6; CCL8; OPG; anti-CCL1; anti-M-CSF; anti-CCL24 

C12a PGE2; CXCL6; CCL8; OPG; CXCL5; anti-ILlb 

C13a PGE2; CCL20; CCL7; OPG; anti-CCL1; anti-ILlb 

C14a PGE2; CCL20; CCL7; OPG; CXCL5; anti-M-CSF; anti-CCL24 
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C15a PGE2; CCL20; CCL8; IL-10; anti-CCL1; anti-ILlb; anti-CCL24 

C16a PGE2; CCL20; CCL8; IL-10; CXCL5; anti-M-CSF 

C17a CXCL5; CXCL6; anti-CCL1; CCL20 

C18a IL-10; OPG; anti-CCL1; CCL20 

C19a IL-10; OPG; CXCL5; CXCL6 

C20a anti-CCL24; OPG; CXCL6; CCL20 

C21a anti-CCL24; OPG; CXCL5; anti-CCL1 

C22a anti-CCL24; IL-10; CXCL6; anti-CCL1 

C23a anti-CCL24; IL-10; CXCL5; CCL20 

C24a anti-CCL1 

C25a anti-CCL24 

C26a OPG 

C27a CXCL5 

C28a anti-CCL1; anti-CCL24 

C29a anti-CCL1; OPG 

C30a anti-CCL1; CXCL5 

C31a anti-CCL24; OPG 

C32a anti-CCL24; CXCL5 

C33a OPG; CXCL5 

C34a anti-CCL1; anti-CCL24; OPG 

C35a anti-CCL1; anti-CCL24; CXCL5 

C36a anti-CCL1; OPG; CXCL5 

C37a anti-CCL24; OPG; CXCL5 

C38a anti-CCL1; anti-CCL24; OPG; CXCL5 

	

11. 	The method of claim 10, wherein the pharmaceutical composition comprises CXCL5 

and an anti-CCL24 antibody (C32a). 

5 	12. 	The method of claim 10, wherein the immunological disorder is an alloimmune 

disease or an autoimmune disease. 
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13. 	The method of claim 12, wherein the alloimmune disease is selected from the group 

consisting of graft versus host disease (GVHD) after allogeneic hematopoietic cell 

transplantations, alloimmune disease resulting from skin transplant, alloimmune 

disease resulting from kidney transplant, alloimmune disease resulting from liver 

transplant, and hemolytic disease of the foetus and newborn. 

The method of claim 12, wherein the autoimmune disease is selected from the group 

consisting of systemic lupus erythematosus (SLE), lupus nephritis, type-I diabetes 

mellitus, systemic sclerosis, inflammatory bowel disease (IBD) and Crohn's disease. 

The method of any one of claims 8 to 9, wherein the pharmaceutical composition 

results in a decrease in the concentration of one or more of the circulating pro-

inflammatory cytokines selected from the group consisting of IFN-y, IL-6, IL-17A, 

IL-8, MIP-1,8 and MCP-1 in the subject. 

The method of any one of claims 8 to 9, wherein the pharmaceutical composition 

results an increase or a decrease in the concentration of at least one mesenchymal 

stromal cell-derived protein in a subject results in an immunosuppressive effect, 

wherein the mesenchymal stromal cell-derived protein is selected from the group 

consisting of PGE2 (prostaglandin E2), OPG, CCL7, CCL8, IL-10, CCL20, CXCL5, 

CXCL6, M-CSF, IL-1(3, CCL-1 and CCL24. 

A kit comprising at least one antibody and at least one mesenchymal stromal cell-

derived protein as defined in any one of claims 1 to 7. 
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