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The Effect of Secreted IL-10 from Mesenchymal Stem Cell on Immune Checkpoint Molecules

ABSTRACT

Background: Immunosuppression in sepsis is hypothesized to result from the increased 

expression of the immune checkpoint molecules programmed death-1 (PD-1) and pro-

grammed death ligand-1 (PD-L1). PD-1 and PD-L1 blockade therapies have been reported 

to increase survival in septic animals. Currently, the interleukin (IL)-10 within mesenchymal 

stem cell (MSC) secretome is known for its immunomodulatory capacity. Objective: To 

study the effect of IL-10 within MSC secretome on the expression of immune check-

points in the rat model of sepsis. Methods: We used 48 male Rattus norvegicus rats 

in this research and divided them into four groups: sham (rats without sepsis induction 

and treatment), control (sepsis-induced rats without treatment), T1 (sepsis-induced rats 

treated with 150 µL of secreted IL-10 from MSC), and T2 (sepsis-induced rats treated 

with 300 µL of secreted IL-10 from MSC). Forty-eight hours after sepsis induction, we 

terminated the rats and collected the blood to examine the PD-1 and PD-L1 expression 

levels. Results: We found a decrease in the relative expression of PD-1 in the septic rat 

group given 150 µL and 300 µL of secreted IL-10 from MSC compared to the control 

group, but the decrease was not significant. We also found a decrease in the relative 

expression of PD-L1 mRNA in the septic rat group given 150 µL and 300 µL of secreted 

IL-10 from MSC compared to the control group. Conclusion: Administering secreted IL-10 

from MSC reduces the expression of PD-1 and PD-L1 in sepsis. These findings suggest 

that MSC secretome can improve the immunosuppression in sepsis.  
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1.	 BACKGROUND
Sepsis is defined as a life-threatening 

organ failure resulting from inappro-
priate immune responses to infection 
(1). Research shows that despite a pre-
dominance of the hyperinflammatory 
phase in the initial phase, sepsis rap-
idly progresses to a state of immuno-
suppression. Immunosuppression is 
increasingly recognized as a significant 
contributing factor to the mortality in 
sepsis. One of the major mechanisms 
is hypothesized to be an increase in the 
expression of immune checkpoint mol-
ecules programmed death-1 (PD-1) 
and programmed death ligand-1 (PD-
L1) (2,3).

In septic shock patients, PD-1 is up-
regulated in T lymphocytes, whereas 
PD-L1 is upregulated in monocytes. 
The expression level of PD-L1 in mono-
cytes also correlates with the 28-day 

mortality rate in septic patients (4, 5). 
PD-1 and PD-L1 blockade therapies 
have been widely studied and reported 
to increase survival in septic animals 
(6, 7), indicating that the regulation of 
immunosuppression is crucial in sepsis 
management.

Currently, mesenchymal stem cell 
(MSC) therapy is one of the novel ap-
proaches for managing immune re-
sponse dysregulation. However, this 
therapeutic capability originates from 
the bioactive factors within the MSCs: 
the secretome. Secretome includes two 
different components: the exosomes and 
the soluble proteins with paracrine ef-
fects involved in cell communication (8,                                                                                                                                              
                                                          9). IL-10, one of 
the bioactive factors, plays a major role 
in the immunomodulatory potential of 
secretome (10).  
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2.	 OBJECTIVE
We aim to study the effect of IL-10 within the secretome 

from MSC on the expression of immune checkpoint mole-
cules in the rat model of sepsis. 

3.	 MATERIAL AND METHODS
Study type and ethical approval 
This study is a true experimental laboratory research with 

post-test only control group design. Sampling was conducted 
using the principle of non-probability sampling in a consecu-
tive sampling manner using Rattus norvegicus rats as the re-
search subjects. This study was approved by the Health Re-
search Ethics Committee with letter number 541/2022.  

MSC isolation and secretome preparation
The isolation process was conducted in Universitas Islam 

Sultan Agung (Unissula) Faculty of Medicine Stem Cell and 
Cancer Research (SCCR) Laboratory. Rats with a gestational 
age of 21 days were anesthetized using intramuscular injec-
tion of lethal dose anesthetics, with 10 mL cocktail using 50 
mg/kg body weight of ketamine, 10 mg/kg body weight of 
xylazine, and 2 mg/kg body weight of acepromazine. Then the 
umbilical cord was collected, cultured, and isolated following 
a standardized method in SCCR laboratory.

We performed a validation test on the MSC surface markers 
using flow cytometry according to the manufacturer’s in-
structions. To stain the surface antigen, we incubated the 
cells with rat anti CD90.1-PerCP/CD29-APC for the MSC 
markers and rat anti CD31-PE/CD45-FITC for the hemato-
poietic markers (BD Bioscience, San Jose, CA, USA). After 
the staining, cells were examined and analyzed with BD Ac-
curi C6 Plus flow cytometer and BD Accuri C6 Plus software 
(BD Bioscience).

We also examined the adipogenic and osteogenic differen-
tiation potential of the MSCs. At 95% confluence, MSCs were 
cultured in a standard medium at 37°C and 5% CO2. Then the 
standard medium was replaced with a differentiation basal 
medium (Rat MesenCultTM, Stem Cell Technologies, Singa-
pore) supplemented with 1% L-glutamine, 1% penicillin, and 
0.25% amphotericin B (Gibco). The medium was renewed 
every three days. After an incubation period of 21 days, the 
MSCs were stained with oil red O and alizarin red staining 
for lipid and calcium deposits, respectively (Sigma-Aldrich, 
Louis St, MO).

MSCs at 80% confluence were placed in a hypoxic chamber 
(Stem Cell Technologies) with 5% oxygen. Oxygen partial 
pressure (pO2) was measured with an oxygen controller 
(BioSpherix, Lacona, NY, USA). The cells were incubated 
for 24 hours at 37°C and then collected and centrifuged at 
13000 g at 4°C for 10 minutes to separate the conditioned me-
dium. We used the Tangential Flow Filtration (TFF) method 
(Formulatrix, MA, USA) to isolate the secretome. The se-
cretome was then stored at -80°C. Finally, we performed an 
enzyme-linked immunosorbent assay (ELISA) based on the 
manufacturer’s instructions (Invitrogen, CA, USA) to ana-
lyze the secretome content.                        

Research sample
The samples were divided into four groups: sham (rats 

without sepsis induction and treatment), control (sepsis-in-
duced rats + intraperitoneal imipenem/cilastatin at 25 mg/
kg body weight), T1 (sepsis-induced rats + intraperitoneal 

imipenem/cilastatin at 25 mg/kg body weight + 150 µL of se-
creted IL-10 from MSC injected intravenously into the tail), 
and T2 (sepsis-induced rats + intraperitoneal imipenem/
cilastatin at 25 mg/kg body weight + 300 µL of secreted IL-10 
from MSC injected intravenously into the tail). With the re-
source equation method (11-13), we obtained 4 and 6 as the 
minimum and maximum number of animals per group, re-
spectively. In this study, we used 5 rats per group with an ex-
pectation of 60% attrition (11), so the final sample size was 12 
rats per group. Thus the total rats in all test groups were 48.

The research sample was randomly selected using inclusion 
and exclusion criteria. The inclusion criteria for the rats in this 
study were male, aged 10-12 weeks, body weight of 200-300 g, 
and had not been used for other studies. We excluded sick or 
infected rats during the adaptation period and rats that died 
before the sepsis induction. The drop-out criteria of the rats 
in this study were rats that died immediately after the sepsis 
induction.

Rat rearing and sepsis induction
Rats were treated according to ethical principles: free from 

hunger, thirst, discomfort, pain, fear, and stress. Each rat was 
kept in a separate cage to obtain management conditions sim-
ilar to incentive rooms. Rats were kept at room temperature 
(37°C) with 12/12 h light/dark cycles and given food and 
drink ad libitum.

Rats were adapted for 7 days. On the 8th day, we performed 
sepsis induction using the fecal intraperitoneal-injection 
(FIP) method in the control, T1, and T2 rat groups based on 
the method in past studies (14, 15).

PD-1 and PD-L1 expression levels examination
Forty-eight hours after sepsis induction, the rats were ter-

minated using intramuscular administration of 80 mg/kg 
body weight of ketamine and 4 mg/kg body weight of xyla-
zine. Then we collected the blood from the rats to examine 
PD-1 and PD-L1 expression levels.

We first converted RNA to cDNA. Then we made cocktails 
from PD-1 and PD-L1 solutions with these respective com-
positions: 10 μL of SYBR green RT-PCR mastermix, 2 μL of 
primer (F), 2 μL of primer (R), 2 μL of control primer (F), 2 
μL of control primer (R), 5 μL of ddH2O, and 1 μL of cDNA. 
The relative quantitation of PD-1 and PD-L1 expression levels 
was analyzed using the delta cycle threshold (CT) method. 
The primer sequence of each gene and the RT-PCR method 
are based on past studies (16-18).  

Statistical analysis
We perform statistical analyses on the data of PD-1 and 

PD-L1 with Kruskal-Wallis analysis. Then we analyze the sig-
nificant data with Mann-Whitney post hoc test. p < 0.05 indi-
cates significance.

4.	 RESULTS
MSC validation and characterization
Isolated MSC with 80% confluency under microscopic ob-

servation showed spindle-like cell morphology. Flow cytom-
etry results showed a high expression of CD90.1 and CD29 
(99.4% and 96.9%) and a low expression of CD45 and CD31 
(1.3% and 6.6%). Upon staining with oil red O and alizarin 
red, the MSC culture showed adipogenic and osteogenic dif-
ferentiation represented by the presence of lipid and calcium 
deposition, respectively. Using the TFF method, we obtained 
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secretome containing 269.57 ± 38.39 pg/mL of IL-10. 
Expression levels of immune checkpoint
The result of Kruskal-Wallis analysis showed no significant 

difference in the decrease of the relative expression level of 
PD-1 in the septic rat group given secretome, with p > 0.05 
(p = 0.379). 

Meanwhile, we found a significant difference in the de-
crease of the PD-L1 relative expression levels in the septic rat 
group given the secretome, with p < 0.05 (p = 0.002). We con-
tinued the analysis with the Mann-Whitney post hoc test. The 
rvhesults showed no significant difference in the decrease of 
the PD-L1 relative expression levels in the T1 and T2 groups 
compared to the control group (p = 0.637 and p = 0.079, re-
spectively) (Figure 2).

5.	  DISCUSSION
The major mechanism of immune checkpoint in sepsis oc-

curs through PD-1/PD-L1 ligation. PD-L1 is one of two li-
gands for PD-1 and expressed by T and B lymphocytes, den-
dritic cells (DCs), macrophages, and various non-hematopoi-
etic tissue cells. PD-L1 gene deficiency is reported to improve 
survival in sepsis (19, 20).

Functionally, PD-1 and PD-L1 inhibit innate immune cell 
functions such as phagocytosis, pathogen clearance, and cyto-
kine release. However, in severe infections, sustained PD-1/
PD-L1 ligation leads to T cell exhaustion. This phenomenon 
reduces effector T cell function, proliferation capacity and 
cytokine production, and causes apoptosis (3). This results in 
secondary infection and death due to the failure to set up an 
effective immune response (21).

In this study, we found a decrease in the relative expres-
sion of PD-1 mRNA in the septic rat group given 150 µL and 
300 µL of secreted IL-10 from MSC compared to the septic 
rat group without secretome treatment, but the decrease was 
not significant. We also found a decrease in the relative ex-

pression of PD-L1 mRNA in the septic rat group given 150 
µL and 300 µL of secreted IL-10 from MSC compared to the 
septic rat group without secretome treatment. Inflammatory 
environment has been known to induce the expression of 
immune checkpoint molecules in T cells. Priming of MSCs 
with proinflammatory cytokines, such as TNF-α and IL-1β, 
has been shown to upregulate PD-1 ligands expression (22). 
However, MSCs are also known to possess immunomodu-
latory properties (23). The IL-10 from MSCs suppresses the 
function of macrophages and DCs, thereby reducing the pro-
duction of proinflammatory cytokines (24). This may explain 
the decrease in the expression of immune checkpoint mole-
cules in our study.

Interestingly, in the septic rat group given 300 µL of se-
creted IL-10 from MSC, the relative expression of PD-1 de-
creased to a lower level compared to the septic rat group given 
150 µL of secreted IL-10 from MSC. Similar findings were 
also observed in the relative expression of PD-L1 in the septic 
rat group given 300 µL of secreted IL-10 from MSC. How-
ever, the relative expression of PD-L1 showed a marked de-
crease compared to the other sepsis-induced rat groups, per-
haps due to the stronger suppression of the inflammatory en-
vironment by the higher amount of IL-10.

Although PD-1 and PD-L1 blockade therapies have been 
widely studied and reported to increase survival in septic an-
imals (6, 7), excessive PD-1 and PD-L1 blockade can cause 
the immune system to attack healthy cells. Extremely low ex-
pression of PD-1 and PD-L1 is associated with impaired im-
mune tolerance and immune system-mediated tissue damage 
(20,25). Therefore, the dose of secretome needs to be consid-
ered to avoid these side effects.

6.	 CONCLUSION
Administering secreted IL-10 from MSC reduces the ex-

pression of PD-1 and PD-L1 in sepsis. These findings suggest 
that MSC secretome can improve the immunosuppression in 
sepsis. However, a lower dose of MSC secretome is recom-
mended to avoid the side effects from excessive suppression of 
the immune checkpoint molecules. 

•	 Acknowlledgment: This study was supported by the chancellor of 

USU, the dean of USU Faculty of Medicine, and SCCR of Unissula Fa-

culty of Medicine

•	 Authors’s contribution:  MIS, NKJ, and DM conceptualized the study 

and contributed to the manuscript preparation. AP, TB, and SI gathered 

and analyzed the data. FF and AMM contributed to the manuscript re-

vision. All authors have approved the final version of the manuscript.

•	 Conflicts of interest: There are no conflict of interest.

•	 Financial support and sponsorship: None.

REFERENCES
1.	 Singer M, Deutschman CS, Seymour CW, Shankar-Hari 

M, Annane D, Bauer M, Bellomo R, Bernard GR, Chiche 
JD, Coopersmith CM, Hotchkiss RS, Levy MM, Mar-
shall JC, Martin GS, Opal SM, Rubenfeld GD, van der 
Poll T, Vincent JL, Angus DC. The Third International 
Consensus Definitions for Sepsis and Septic Shock (Sep-
sis-3). JAMA. 2016 Feb 23; 315(8): 801-10. doi: 10.1001/
jama.2016.0287

2.	 Delano MJ, Ward PA. Sepsis-induced immune dysfunc-

Figure 1. PD-1 mRNA relative expression levels of all rat groups

Figure 2. PD-L1 mRNA relative expression levels of all rat groups



ORIGINAL PAPER / ACTA INFORM MED. 2023, 31(3): 172-175 175

The Effect of Secreted IL-10 from Mesenchymal Stem Cell on Immune Checkpoint Molecules

tion: can immune therapies reduce mortality? J Clin In-
vest. 2016 Jan; 126(1): 23-31. doi: 10.1172/JCI82224

3.	 McBride MA, Patil TK, Bohannon JK, Hernandez A, 
Sherwood ER, Patil NK. Immune Checkpoints: Novel 
Therapeutic Targets to Attenuate Sepsis-Induced Immu-
nosuppression. Front Immunol. 2021 Feb 3; 11: 624272. 
doi: 10.3389/fimmu.2020.624272

4.	 Shao R, Fang Y, Yu H, Zhao L, Jiang Z, Li CS. Monocyte 
programmed death ligand-1 expression after 3-4 days of 
sepsis is associated with risk stratification and mortality 
in septic patients: a prospective cohort study. Crit Care. 
2016 May 9; 20(1): 124. doi: 10.1186/s13054-016-1301-x

5.	 Nakamori Y, Park EJ, Shimaoka M. Immune Deregu-
lation in Sepsis and Septic Shock: Reversing Immune 
Paralysis by Targeting PD-1/PD-L1 Pathway. Front 
Immunol. 2021 Feb 17; 11: 624279. doi: 10.3389/fim-
mu.2020.624279

6.	 Young WA, Fallon EA, Heffernan DS, Efron PA, Cioffi 
WG, Ayala A. Improved survival after induction of sep-
sis by cecal slurry in PD-1 knockout murine neonates. 
Surgery. 2017 May; 161(5): 1387-1393. doi: 10.1016/j.
surg.2016.11.008

7.	 Zhang XX, Qiao YC, Li W, Zou X, Chen YL, Shen J, Liao 
QY, Zhang Q J, He L, Zhao HL. Human amylin induces 
CD4+Foxp3+ regulatory T cells in the protection from 
autoimmune diabetes. Immunol Res. 2018 Feb; 66(1): 
179-186. doi: 10.1007/s12026-017-8956-5 

8.	 Vizoso FJ, Eiro N, Cid S, Schneider J, Perez-Fernandez 
R. Mesenchymal Stem Cell Secretome: Toward Cell-
Free Therapeutic Strategies in Regenerative Medicine. 
Int J Mol Sci. 2017 Aug 25; 18(9): 1852. doi: 10.3390/
ijms18091852

9.	 Munoz-Perez E, Gonzalez-Pujana A, Igartua M, San-
tos-Vizcaino E, Hernandez RM. Mesenchymal Stromal 
Cell Secretome for the Treatment of Immune-Mediated 
Inflammatory Diseases: Latest Trends in Isolation, Con-
tent Optimization and Delivery Avenues. Pharmaceu-
tics. 2021 Oct 27; 13(11): 1802. doi: 10.3390/pharma-
ceutics13111802

10.	 Shephard MT, Merkhan MM, Forsyth NR. Human Mes-
enchymal Stem Cell Secretome Driven T Cell Immuno-
modulation Is IL-10 Dependent. Int J Mol Sci. 2022 Nov 
6;23(21):13596. doi: 10.3390/ijms232113596

11.	 Charan J, Kantharia ND. How to calculate sample size 
in animal studies? J Pharmacol Pharmacother. 2013 Oct; 
4(4): 303-6. doi: 10.4103/0976-500X.119726

12.	 12.Arifin WN, Zahiruddin WM. Sample Size Calcula-
tion in Animal Studies Using Resource Equation Ap-
proach. Malays J Med Sci. 2017 Oct; 24(5): 101-105. doi: 
10.21315/mjms2017.24.5.11

13.	 Ilyas MN, Adzim MKR, Simbak NB, Atif AB. Sam-
ple Size Calculation for Animal Studies Using Degree 
of Freedom (E); an Easy and Statistically Defined Ap-
proach for Metabolomics and Genetic Research. Curr 
trends biomed eng biosci. 2017 Dec; 10(2): 555785. doi: 
10.19080/CTBEB.2017.10.555785

14.	 Shrum B, Anantha RV, Xu SX, Donnelly M, Haeryfar 

SM, McCormick JK, Mele T. A robust scoring system to 
evaluate sepsis severity in an animal model. BMC Res 
Notes. 2014 Apr 12; 7: 233. doi: 10.1186/1756-0500-7-
233

15.	 Fang H, Gong C, Fu J, Liu X, Bi H, Cheng Y, Liu Y, Tang 
Y, Wang D. Evaluation of 2 Rat Models for Sepsis Devel-
oped by Improved Cecal Ligation/Puncture or Feces In-
traperitoneal-Injection. Med Sci Monit. 2020 Jan 29; 26: 
e919054. doi: 10.12659/MSM.919054

16.	 Huang X, Venet F, Wang YL, Lepape A, Yuan Z, Chen Y, 
Swan R, Kherouf H, Monneret G, Chung CS, Ayala A. 
PD-1 expression by macrophages plays a pathologic role 
in altering microbial clearance and the innate inflamma-
tory response to sepsis. Proc Natl Acad Sci U S A. 2009 
Apr 14; 106(15): 6303-8. doi: 10.1073/pnas.0809422106

17.	 Yang H, Chen B, Zhao Z, Zhang L, Zhang Y, Chen J, 
Zhang X, Zhang X, Zhao L. Heme oxygenase-1 exerts 
pro-apoptotic effects on hepatic stellate cells in vitro 
through regulation of nuclear factor-κB. Exp Ther Med. 
2018 Jul; 16(1): 291-299. doi: 10.3892/etm.2018.6185 

18.	 Cai X, Wei B, Li L, Chen X, Liu W, Cui J, Lin Y, Sun Y, 
Xu Q , Guo W, Gu Y. Apatinib enhanced anti-PD-1 thera-
py for colon cancer in mice via promoting PD-L1 expres-
sion. Int Immunopharmacol. 2020 Nov; 88: 106858. doi: 
10.1016/j.intimp.2020.106858

19.	 Rossi AL, Le M, Chung CS, Chen Y, Fallon EA, Ma-
toso A, Xu S, Chun TT, Erickson CP, Ayala A. A novel 
role for programmed cell death receptor ligand 2 in sep-
sis-induced hepatic dysfunction. Am J Physiol Gastroin-
test Liver Physiol. 2019 Jan 1; 316(1): G106-G114. doi: 
10.1152/ajpgi.00204.2018

20.	 Zhang T, Yu-Jing L, Ma T. Role of regulation of PD-1 and 
PD-L1 expression in sepsis. Front Immunol. 2023 Mar 9; 
14: 1029438. doi: 10.3389/fimmu.2023.1029438

21.	 Sari MI, Ilyas S. The Expression Levels and Concentra-
tions of PD-1 and PD-L1 Proteins in Septic Patients: A 
Systematic Review. Diagnostics (Basel). 2022 Aug 19; 
12(8): 2004. doi: 10.3390/diagnostics12082004

22.	 Hackel A, Vollmer S, Bruderek K, Lang S, Brandau S. Im-
munological priming of mesenchymal stromal/stem cells 
and their extracellular vesicles augments their therapeu-
tic benefits in experimental graft-versus-host disease via 
engagement of PD-1 ligands. Front Immunol. 2023 Feb 
16; 14: 1078551. doi: 10.3389/fimmu.2023.1078551

23.	 Sari MI, Putra IB, Wijaya DW. The therapeutic potential 
of mesenchymal stem cells in COVID-19: Present and 
future. Research Res Results Pharmacol. 2023 Jun; 9(2): 
75–84. doi: 10.18413/rrpharmacology.9.10031

24.	 Kessler B, Rinchai D, Kewcharoenwong C, Nithich-
anon A, Biggart R, Hawrylowicz CM, Bancroft 
GJ, Lertmemongkolchai G. Interleukin 10 inhibits 
pro-inflammatory cytokine responses and killing of Bur-
kholderia pseudomallei. Sci Rep. 2017 Feb 20; 7: 42791. 
doi: 10.1038/srep42791

25.	 Chan KK, Bass AR. Autoimmune complications of im-
munotherapy: pathophysiology and management. BMJ. 
2020 Apr 6; 369: m736. doi: 10.1136/bmj.m736


