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Expression of costimulators in mice after allogenetic hematopoietic stem cell transplantation and its
relationship with acute graft versus host disease

WANG Rou-jia, WANG Zi-wei, ZHAO Xiao-ming, TANG Gu-sheng, HU Xiao-xia, WANG Jian-min’
Department of Hematology, Changhai Hospital, Naval Medical University (Second Military Medical University), Shanghai
200433, China

[Abstract] Objective To explore the expression of costimulators in mice after allogenetic hematopoietic stem cell
transplantation and its relationship with acute graft versus host disease (aGVHD). Methods Five C57BL/6J (H2KD ™ H2KB")
male mice were selected as donors. Thirty CB6F1 (H2KD"H2KB™) female mice were selected as recipients and randomized
into three groups: total body irradiation (TBI), bone marrow transplantation (BM) and aGVHD groups, with 10 mice in each
group. The mice in the TBI group received radiation only without injecting any cells. The mice in the BM group were injected
with 5X 10° bone marrow cells without T lymphocytes from donors after radiation. The mice in the aGVHD group were

simultaneously injected with 5X 10° bone marrow cells without T lymphocytes and 3 10" spleen cells from donors after
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radiation. The survival rates of mice in the three groups were evaluated using log-rank survival curve. The expression levels
of costimulators, including cytotoxic T lymphocyte-associated antigen 4 (CTLA-4), programmed death 1 (PD-1), inducible
costimulator (ICOS) and CD28, on CD4" and CD8" T lymphocytes, were detected using flow cytometry at 7, 14, 21 and
28 d after transplantation. At 21 d after transplantation, the expression levels of interleukin (IL)-17, interferon y (IFN-y)
and IL-4 in CD4" T lymphocytes, and the costimulator ligands in the colon tissues, were detected with flow cytometry and
3,3’-diaminobenzidine (DAB) staining, respectively. Results The mice in the TBI group all died within 19 d after irradiation.
The mice in the BM group survived 30 d after irradiation without aGVHD. The median onset time of aGVHD symptoms and
survival of mice in the aGVHD group were 14 (11-18) d and 22 (13-30) d, respectively. The expression levels of CTLA-4 and
PD-1 on CD4" and CD8" T lymphocytes were decreased after transplantation, while the expression levels of ICOS and CD28
were on the rise. At 28 d after transplantation, the expression levels of CTLA-4 and PD-1 on CD4 " and CD8" T lymphocytes
were significantly lower in the aGVHD group than those in the BM group (all £<<0.05), and the expression levels of ICOS
and CD28 were significantly higher (all 7<<0.05). DAB staining showed that CD80, ICOS ligand (ICOSL), and PD-1 ligand
(PD-L1) were negative in the colon tissues of mice in the BM group, and the positive expression rates of CD80, ICOSL, and
PD-L1 in the aGVHD group were 40%, 80% and 80%, respectively. Compared with the BM group, the expression levels
of IL-17 and IFN-y in CD4" T lymphocytes in the aGVHD group were significantly increased, while the expression level
of IL-4 was significantly decreased (all P<<0.05). Conclusion In aGVHD mice after allogeneic hematopoietic stem cell
transplantation, the expression of costimulator CTLA-4 is gradually decreased over time. CTLA-4, ICOS and PD-1 may
participate in the development and progression of aGVHD by regulating the distribution of T lymphocyte subgroups such as

T-helper cell (Th)1, Th2 and Th17.

[Key words] graft versus host disease; hematopoietic stem cell transplantation; costimulators; cytotoxic T lymphocyte-

associated antigen 4; cytokines
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5X10° AN T b I 40 A9 B B6 A A% 40 i
13X 107 AR IR 41
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Fig1 Log-rank survival curve of mice in each group
after y-ray irradiation
TBI: Total body irradiation; BM: Bone marrow transplantation;

aGVHD: Acute graft versus host disease. n=10
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Fig2 Pathological features of mouse organs at 21 d after transplantation

A: Spleen; B: Intestine; C: Liver; D: Lung. BM: Bone marrow transplantation; aGVHD: Acute graft versus host disease. H-E staining.

Original magnification: X40
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fi7n, aGVHD 4I/NEAMAE I CD4™ T R 4ni sk
Il CTLA-4 FR7EBAE)G 7 d R RIS R,

CD8" T k4 ia CTLA-4 FKikERIE)G 14 d
TRt R NS, ERAE)E 28 d B LT BRI

i (1=202.23. 339.41, P ¥=0.01) ., aGVHD
AU/NRAMNA I CD4™ T KEL A& i 1COS FKikTE
MG 21 d JFEE ETF, CDS™ Tk 4iiifi2 i ICOS
FIRIERBHIG 7 d TR RD 2 F S (F=2845.02,

P=0.01) , 7£ 28 d B ¥ & FEMBEMEA (=

108.89. 152.74, P ¥j=0.01) . aGVHD ZH/M4b
JEIf CD4' A CD8" T kL4 £ 1T PD-1 £ ik7E
MG 7 d FRRYE TGS, CD28 RikHLE I
Fhi#a#, {H PD-1 {U7E CD8" T k™ 402 &k
LR E L (F=53.73, P=0.02) , CD28
{UAE CD4" T WA R I Rk 2 R A G F R L
(F=210.46, P=0.01) , 7EfHH)5 28 d Iif —3%
KK TFE5ERERMEA LR ZEF AR X
(PD-1: t=130.11. 149.90, P #J=0.01; CD28:
t=13.62. 46528, P=0.03, 0.01) .

£1 BHEESHELNR CD4”T T HEHARRELER S FRIE

Tab 1 Expression of costimulators on CD4 tr lymphocytes in mice at different time points after transplantation

n=4,x+s
Index Group 7d 14d 21d 28d F value P value
CTLA-4 BM 1.675+0.115 1.040+£0.160  0.765£0.355 1.690£0.016 3.37 0.17
aGVHD 2.605%£0.105  0.780£0.017  0.300£0.027  0.260+0.015 181.15 0.01
t value 597 1.66 1.32 202.23
P value 0.03 0.24 0.32 0.01
ICOS BM 3.850+0.290  3.555%+0.325 1.995+0.365 1.520£0.023 9.61 0.04
aGVHD 2.675+0.425 2260+0.570  3.830£0.420  5.29040.010 5.47 0.09
t value 228 1.98 3.30 108.89
P value 0.15 0.19 0.08 0.01
PD-1 BM 1.860+0.015 1.900+0.320  1.715%+0.135 1.330£0.013 0.65 0.65
aGVHD 4.080+0.019  3.825£0.705  0.895+0.225  0.410%0.014 9.34 0.09
t value 313.96 2.49 3.13 130.11
P value 0.01 0.13 0.09 0.01
CD28 BM 8.885+2.215  8.180%+1.040  4.600+0.190  4.090+0.080 3.96 0.11
aGVHD 1.705+£0.015  2.720£0.090  5.375+0.255  7.2154+0.215 210.46 0.01
t value 3.24 5.23 2.44 13.62
P value 0.08 0.04 0.14 0.03

CTLA-4: Cytotoxic T lymphocyte-associated antigen 4; ICOS: Inducible costimulator; PD-1: Programmed death 1; BM: Bone

marrow transplantation; aGVHD: Acute graft versus host disease
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Tab 2 Expression of costimulators on CD8 ™ T lymphocytes in mice at different time points after transplantation
n=4,xts
Index Group 7d 14d 21d 28d F value P value
CTLA-4 BM 0.675£0.115 1.540+£0.340  2.000%£0.017  2.700%0.028 7.90 0.11
aGVHD 2.105+0.395  0.750%£0.150  0.6004-0.039  0.300%0.012 5.89 0.14

t value 3.48 222 197.99 339.41

P value 0.07 0.17 0.01 0.01
ICOS BM 3.350+0.210  3.055+0.175 1.800£0.012 1.520+0.020 14.72 0.06
aGVHD 2.17540.075 1.760£0.070  7.700£0.012  2.60040.025 845.02 0.01

t value 5.269 6.871 834.39 152.74

P value 0.03 0.02 0.01 0.01
PD-1 BM 0.88040.020 1.10040.026 1.22040.031 1.660+0.022 326.30 0.01
aGVHD 4.190£0.110  3.325+0.205  3.100£0.022  0.600%+0.030 53.73 0.02

t value 29.61 10.19 265.87 149.90

P value 0.02 0.03 0.01 0.01
CD28 BM 2.705£0.015  2.220%=0.410 1.300£0.034  2.010%£0.043 2.69 0.28
aGVHD 1.535+0.135 1.665+0.555  2.100+0.005  5.3004-0.003 11.26 0.08

t value 8.61 0.804 113.14 465.28

P value 0.07 0.51 0.01 0.01

CTLA-4: Cytotoxic T lymphocyte-associated antigen 4; ICOS: Inducible costimulator; PD-1: Programmed death 1; BM: Bone

marrow transplantation; aGVHD: Acute graft versus host disease
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Fig3 Expression of CD80, ICOSL and PD-L1 in colon tissues of mice 21 d after transplantation

B3 #B#EE21d/NRE

BM: Bone marrow transplantation; aGVHD: Acute graft versus host disease; ICOSL: Inducible costimulator ligand; PD-L1:
Programmed death-ligand 1. 3,3’-diaminobenzidine (DAB) staining. Original magnification: X400
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(2.500£0.360) % vs (0.667+£0.322) %], ifij IL-4 3
K [(5.600+1.308) % vs (11.200+3.161) %],
S A G X (1=2.836. 3.450. 6.574, P=
0.026. 0.003. 0.047) .
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AN 3 Fh T R0 AELE CD4 " T ik 41
AN, ZRERENYSBMEE aGVHD
A, JF HABAE S Ao 1 23k K- Fifi o s ]
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