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[ Abstract] Background and purpose: Inducible costimulator (ICOS) is a member of B7-CD28 immunoglobulin superfamily and
expressed on the surface of activated T cells, which plays an important role in T cell activation and effector functions. However, the
expression pattern and the significance of ICOS and ICOS” T cells in tumor tissue of hepatocellular carcinoma (HCC) are not defined.
To this end, the current study was planned to quantitatively detect the expression of ICOS and ICOS" T cells in the tumor tissue of

HCC patients and evaluate their clinical significance. Methods: Tissue microarrays (TMAs) and multiplex immunohistochemistry
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(mIHC) were used to detect the expression levels of ICOS™ cells, ICOS'CD4" and ICOS'CD8" T cells in tumor and paracancerous

tissues from HCC patients who received surgical treatment in Zhongshan Hospital, Fudan University from 2006 to 2007 (n=358).
The clinical prognosis was evaluated by Kaplan-Meier analysis and COX regression analysis. Results: The densities of infiltrating
ICOS" and ICOS'CD4" T cells were significantly higher in tumor tissue than in paracancerous tissue (P<0.000 1 and P=0.009 1). By
contrast, the density of ICOS'™CDS8" T cells was significantly lower in tumor tissue than in paracancerous tissue (P=0.033). Within the
tumor tissue, the density of [COS'CD4" T cells was significantly higher compared with ICOS'CDS8" T cells (P<0.000 1). Moreover,
the frequencies of ICOS'CD4" and ICOS"CDS8" T cells in tumor tissue were significantly higher compared with their counterparts in
paracancerous tissue (P<0.000 1). Multivariate COX regression analysis identified that ICOS" cells, ICOS'CD4" and ICOS'CD8" T
cells were independent favorable prognostic indices for overall survival (OS). Conclusion: Tumor infiltrating ICOS” cells are greatly

elevated in the tumor tissue of HCC, and their abundance is associated with prolonged OS. Thus, ICOS" cells, ICOS'CD4" and

ICOS"CD8" T cells might be used as novel prognostic immune biomarkers for HCC.

[ Key words ] Hepatocellular carcinoma; Inducible costimulator; Multiplex immunohistochemistry; Prognosis
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Tab.1 Clinical characteristics of HCC patients

Characteristics Number
Gender (male vs female) 296/62
HBsAg (negative vs positive) 28/330
Liver cirrhosis (no vs yes) 58/300
Tumor differentiation ( I +1I vs M+IV) 257/101
Microvascular invasion (no vs yes) 241/117
TNM ( [ /1/11) 207/116/35
BCLC (0/A/B/C) 49/110/82/117
Tumor number (single vs multiple) 302/56
Tumor size D/cm (<5 vs >5) 226/132
Serum AFP py/(ng-mL™") (<20 vs >20) 137/221
Recurrence (no vs yes) 207/151
Death(no vs yes) 175/183

BCLC: Barcelona clinic liver cancer
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XTHCCHE IR MsE S5 FIICOS TG b A 74347
SRS, s 4l 8V AYTCOS 4 it 2%
R ETE [EsE . PE=152/mm’ (PUAHEA]
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Fig. 1 The expression of ICOS on CD4" and CD8" T cells in HCC patients

A: Representative multiplex immunofluorescence images show the staining of the subsets of ICOS™ tumor infiltrating lymphocytes: the red arrows
(CD4'ICOS"), the purple arrow (CD8'ICOS"); B: Comparison of the density of ICOS” cells between tumor and paracancerous tissues of HCC; C:
Correlation analysis between the density of CD4", CD8" T cells and ICOS" cells in HCC tumor tissues; D, E: Comparison of the density and frequency
of ICOS" among CD4" T cells and ICOS™ among CD8" T cells between tumor and paracancerous tissues of HCC. Significance was assessed by
Wilcoxon matched-pairs signed rank test (B, D, E). *: P<0.05; **: P<0.01; ****: P<0.000 1
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Fig.2 Prognostic study of the density of ICOS" tumor infiltrating lymphocyte subsets in HCC tumor tissues

A, B: Kaplan-Meier analysis of OS and RFS for the density of ICOS”, CD4ICOS" and CDS'ICOS" T cells in tumor of HCC patients
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Fig.3 Prognostic study of the frequency of ICOS" tumor infiltrating lymphocyte subsets in HCC tumor tissues

A, B: Kaplan-Meier analysis of OS and RFS for the frequency of ICOS™ among CD4" T cells or CD8" T cells in tumor of HCC patients
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Tab. 2 Univariate analysis for OS

Unlvarlgte A B C D E
. analysis
Variable
Pvalue HR (95% CI) Pvalue HR (95% CI) P value HR (95% CI) Pvalue HR (95% CI) P value HR (95% CI) P value
Hepatic 0.030 1.610 0.044 1.573 0.055 1.596 0.048 1.590 0.051 1.519 0.079
cirrhosis (1.013-2.557) (0.990-2.500) (1.004-2.535) (0.999-2.531) (0.953-2.419)
(yes vs no)
Serum ALT 0.001 1.344 0.059 1.363 0.049 1.322 0.072 1.472 0.013 1.388 0.350
z5/(U-L™) (0.988-1.829) (1.002-1.855) (0.975-1.791) (1.087-1.994) (1.023-1.883)
(>40 vs <40)
v-GT zy/ 0.023 1.390 0.092 1.442 0.062 1.383 0.090 1.351 0.122 1.414 0.075
UL (0.948-2.037) (0.981-2.118) (0.951-2.011) (0.923-1.979) (0.965-2.072)
(75vs <75)
Tumor size <0.000 1 1.792 <0.000 1 1.747 <0.000 1 1.804 <0.0001 1.809 <0.000 1 1.757 <0.000 1
D/em (1.319-2.434) (1.285-2.375) (1.333-2.442) (1.329-2.461) (1.292-2.389)
(>5vs <5)
Tumor number ~ 0.001 1.736 0.003 1.761 0.003 1.579 0.013 1.668 0.007 1.751 0.003
(multiple vs (1.200-2.513) (1.217-2.548) (1.099-2.267) (1.149-2.421) (1.210-2.533)
single)
Vascular invasion <0.000 1 1.780 <0.000 1 1.753 <0.000 1 1.685 0.001 1.700 0.001 1.717 0.001
(yes vs no) (1.302-2.433) (1.284-2.394) (1.240-2.289) (1.245-2.322) (1.260-2.314)
TNM stage <0.000 1 0.940 0.869 0.855 0.676 1.066 0.861 1.015 0.969 0.989 0.976
(1 vs IT-TT) (0.451-1.958) (0.411-1.780) (0.522-2.178) (0.482-2.138) (0.474-2.060)
*3 OSHZEEL
Tab.3 Multivariate analysis for OS
e 5 c b :
Variable Y
P value HR (95% CI) P value HR (95% CI) Pvalue HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value
1COS’ cell 0.016 0.635 0.003 - - - - - - - -
(high vs low) (0.468-0.861)
ICOS'CD8" T 0.001 - 0.555  <0.0001 - - - - - -
cell (high vs (0.408-0.755)
low)
1COS'CD4’ 0.003 - - - - 0.630 0.003 - - - -
(high vs low) (0.466-0.851)
1COS'%CD8"  0.037 - - - - - - 0.626 0.021 - -
(high vs low) (0.420-0.933)
ICOS'%CD4"  0.003 - - - - - - - - 0.510 0.001
(high vs low) (0.338-0.770)

2.5 HCCHAHICOS'HMRETENSHS
BEBRFEZFHEN KR

FE IR 2 A 1C O S 4 i B JH S B 1Y) 4 A
PI5AFPRT20 ng/mLA & (1COST, P=0.001;
ICOS'CD4", P=0.001; ICOS'CD8", P=0.007;
1COS*%CD4", P=0.023; 1COS*%CDS8",

P=0.030) . @K, ICOS*CD4*, 1COS'CD8*
FIICOS % CD4 ) 2R 15 5 e A% 43 A6 72 B AH OC
(P<0.05) , H5BHEFL . Hol. HBsAgFH
P L . ALT ., I IE FITNM 2 3 J6 %
(P>0.05, %4) .
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Tab. 4 Association between tumor-infiltrating ICOS” cells and clinicopathological features

1COS* 1COS'CD4" 1COS'CD8’ 1COS"%CD4" 1COS'%CD8"
Characteristic
Low High Pvalue Low High Pvalue Low High Pvalue Low High Pvalue Low High P value
Agelyear 0.366 0.452 0.792 0.151 0.073
<51 62 88 67 83 74 76 121 29 124 26
>51 91 106 96 101 100 97 146 51 147 50
Gender 0.149 0.055 0.460 0.001 0.079
Female 21 38 21 38 27 32 36 23 41 18
Male 132 156 142 146 147 141 231 57 230 58
HBsAg 0.795 0.738 0.440 0.496 0.589
Negative 13 15 14 14 16 12 23 5 23 5
Positive 140 179 149 170 158 161 244 75 248 71
Liver cirrhosis 0.106 0.072 0.549 0.114 0.135
No 20 38 21 37 27 31 40 18 41 17
Yes 133 156 142 147 147 142 227 62 230 59
Serum AFP py/(ng-mL™") 0.001 0.001 0.007 0.023 0.030
<20 73 60 78 55 79 54 1 22 112 21
>20 80 134 85 129 95 119 156 58 159 55
Serum ALT z/(U-L™) 0.355 0.359 0.872 0.590 0.817
<40 72 101 77 96 86 87 131 42 136 37
>40 81 93 86 88 88 86 136 38 135 39
Tumor differentiation 0.067 0.024 0.040 0.004 0.215
1+1 117 131 126 122 133 115 201 47 198 50
m-+1v 36 63 37 62 41 58 66 33 73 26
Microvascular invasion 0.311 0.711 0.620 0.553 0.335
No 108 127 112 123 120 115 183 52 187 48
Yes 45 67 51 61 54 58 84 28 84 28
TNM stage 0.106 0.435 0.485 0.262 0.113
I 96 105 98 103 104 97 159 42 163 38
-1 57 89 65 81 70 76 108 38 108 38

H kL (germinal center, GC) JZhi, KL,

3031 ® ICOSTEE Mt S B eh R T B 1,
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H G #r W i, TCOSE LR E
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CD4" T4 Kk e sk, TR
AL, WSS SR g O LR SR AN e I, SRR



360 558, &

FFERERICOS T2 B R B AR SN R EFUSNEHRT

FERW], [COSTESS B A B i £8 5 rh 2k Sy
=Y S S

B I mIHCI AE T HCC i gg 41 21
KIS HAICOS S ICOST T2, mIHCIE BT
KW —FHN AR, vk TG el 2
DR, AFEFE bR — | 25Dt 4
R R S 2T o SN N | g1 EuR i
G BEFEARRIARICTE R —2H 40 b, e — G0
PUHICOS K ILICOS™ THH A S HE 78 Fif 98 i 55 241
SV KRR R TEL,  IF25 A ek ER Y 8 1
I VPl AR I8 i 55 20 ORI 1 285 B FD BT
o, R4 A28 ICOSTIICOS T4H M #E7E
HCCH A . /i M SRR TS I E R .
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( tumor-associated microphages, TAMs ) Fl'5 &
SRR EI S ( myeloid-derived suppressor
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(5, 20 F 4 ipilimumab ( CTLA4HUIK ) A
JY 2 )5, CD4* TZHML FICOSHyZ kR m 227
SR, B 8 RS AZ ipilimumab Y 4
BAYY, 1C0STCD4" TN B HF4E = 10 & 17
TR R Y ARSI, 1COSTCDAHI
ICOS'CD8" T &7 W e K iF6FR, HS5AFP
KF20 ng/mLANMIEIL LA A, $Enk
MZRIRICOS” T AT HEZ WM HCCAREIR YT AR
) — " SUE bR

ZE Lk, AR5 R TICOSTEHCCE
P PR A S LS e, ZBLICOS 4
g, ICOS'CD4 FIICOS'CDS8" T4 xa & ph <7 7l i
RIFHE. RN, ROTRE—E8 K
FEA RIS TEICOSFIICOS T AE HCC I 2H 21
FIRME L, R A B HCCHT AT F-BL
I R W I LB R B o

[ % X #t]

[1] ZHENG C, ZHENG L, YOO J K, et al. Landscape of infiltrating
T cells in liver cancer revealed by single—cell sequencing [ J | .
Cell, 2017, 169(7): 1342-1356.

[2] EL-SERAG H B, MARRERO J A, RUDOLPH L, et al.
Diagnosis and treatment of hepatocellular carcinoma [J7.
Gastroenterology, 2008, 134(6): 1752-1763.

[3] GAO Q, QIU S J, FAN J, et al. Intratumoral balance of
regulatory and cytotoxic T cells is associated with prognosis of
hepatocellular carcinoma after resection [J] .7 Clin Oncol,
2007, 25(18): 2586-2593.

[4] BRAHMER J R, TYKODI S S, CHOW L Q, et al. Safety and
activity of anti—PD-L1 antibody in patients with advanced
cancer [ J] . N Engl ] Med, 2012, 366(26): 2455-2465.

[5] WOLCHOK J D, KLUGER H, CALLAHAN M K, et al.
Nivolumab plus ipilimumab in advanced melanoma [ J ] . N
Engl J Med, 2013, 369(2): 122-133.

[6] EL-KHOUEIRY A B, SANGRO B, YAU T, et al. Nivolumab in
patients with advanced hepatocellular carcinoma (CheckMate
040): an open-label, non-comparative, phase 1/2 dose
escalation and expansion trial [ J | . Lancet, 2017, 389(10088):
2492-2502.



(P BBZEAER L) 20194529555

361

[7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

WATANABE M, HARA Y, TANABE K, et al. A distinct role for
ICOS-mediated co—stimulatory signaling in CD4" and CD8" T
cell subsets [ J ] . Int Immunol, 2005, 17(3): 269-278.
SHARPE A H, FREEMAN G J. The B7-CD28 superfamily
[J ] . Nat Rev Immunol, 2002, 2(2): 116-126.
FAGET J, SISIRAK V, BLAY J Y, et al. ICOS is associated with
poor prognosis in breast cancer as it promotes the amplification
of immunosuppressive CD4™ T cells by plasmacytoid dendritic
cells [ J ] . Oncoimmunology, 2013, 2(3): €23185.
ZHANG Y, LUO Y, QIN S L, et al. The clinical impact of ICOS
signal in colorectal cancer patients [ ] ] . Oncoimmunology,
2016, 5(5): e1141857.
FENG Z, BETHMANN D, KAPPLER M, et al. Multiparametric
immune profiling in HPV— oral squamous cell cancer [ J ] . JCI
Insight, 2017, 2(14): 93652.
WIKENHEISER D J, STUMHOFER J S. ICOS co—stimulation:
friend or foe? [ J ] . Front Immunol, 2016, 7: 304.
ZHANG G, XU Y, ZHOU H. The infiltration of ICOS" cells in
nasopharyngeal carcinoma is beneficial for improved prognosis
[ J ] . Pathol Oncol Res, 2018. [Epub ahead of print]
MCADAM A J, CHANG T T, LUMELSKY A E, et al. Mouse
inducible costimulatory molecule (ICOS) expression is enhanced
by CD28 costimulation and regulates differentiation of CD4" T
cells [ J] . J Immunol, 2000, 165(9): 5035-5040.
YAN Z, DANDAN L, HA-JEONG K, et al. A novel role of
hematopoietic CCL5 in promoting triple—negative mammary
tumor progression by regulating generation of myeloid—derived
suppressor cells [ J | . Cell Res, 2013, 23(3): 394-408.
LEAVENWORTH J W, VERBINNEN B, YIN J, et al. A p85 a —
osteopontin axis couples the receptor ICOS to sustained Bel-6
expression by follicular helper and regulatory T cells [ J ] . Nat
Immunol, 2015, 16(1): 96-106.

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

BOSSALLER L, BURGER J R, GRIMBACHER B, et al. ICOS
deficiency is associated with a severe reduction of CXCR5'CD4
germinal center Th cells [ J ] . J Immunol, 2006, 177(7): 4927~
4932.

VALERIE C, CHARLENE T, MARISSA T, et al. Inflammatory
tumour microenvironment is associated with superior survival in
hepatocellular carcinoma patients [ J | . J Hepatol, 2010, 52(3):
370-379.

ZHOU G, SPRENGERS D, BOOR P P C, et al. Antibodies
against immune checkpoint molecules restore functions of
tumor—infiltrating T cells in hepatocellular carcinomas [ J | .
Gastroenterology, 2017, 153(4): 1107-1119.

KIM H D, SONG G W, PARK S, et al. Association between
expression level of PD1 by tumor—infiltrating CD8" T cells and
features of hepatocellular carcinoma [J]. Gastroenterology,
2018, 155(6): 1936-1950.

VONDERHEIDE R H, LORUSSO P M, KHALIL M, et al.
Tremelimumab in combination with exemestane in patients with
advanced breast cancer and treatment—associated modulation of
inducible costimulator expression on patient T cells [ J ] . Clin
Cancer Res, 2010, 16(13): 3485-3494.

LIAKOU C I, KAMAT A, TANG D N, et al. CTLA-4 blockade
increases [FNgamma—producing CD4*ICOShi cells to shift the
ratio of effector to regulatory T cells in cancer patients [ J ] .
Proc Natl Acad Sci U S A, 2008, 105(39): 14987-14992.

None. Correction: increased frequency of ICOS'CD4 T cells as
a pharmacodynamic biomarker for anti—-CTLA—-4 therapy [17.
Cancer Immunol Res, 2017, 1(4): 229-234.

SLOVIN S F. The need for immune biomarkers for treatment
prognosis and response in genitourinary malignancies [ J ] .

Biomark Med, 2017, 11(12): 1149-1159.

(YR . 2019-01-08 & H . 2019-03-22)



