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SUMMARY

Immune profiling of hepatocellular carcinoma–infiltrating
cells showed unique T-cell populations, including impaired
ICOSþ, TIGITþ, CD4þ T cells, activated CD8þ, and non–major
histocompatibility complex restricted T cells. Immuno-
therapy with check-point inhibitors diminished nonfunc-
tional T cells and increased the number of responding cells.

BACKGROUND & AIMS: The characterization of T cells infil-
trating hepatocellular carcinoma (HCC) provides information
on cancer immunity and also on selection of patients with
precise indication of immunotherapy. The aim of the study was
to characterize T-cell populations within tumor tissue and
compare them with non-neoplastic liver tissue as well as
circulating cells of the same patients.

METHODS: The presence of unique cell populations was investi-
gated in 36 HCC patients by multidimensional flow cytometry
followed by t-distributed stochastic neighbor embedding analysis.
Functional activity of tumor-infiltrating T cells was determined
afteractivationbyphorbol 12-myristate13-acetateand ionomycin.

RESULTS: Within the tumor there were more cells expressing
CD137 and ICOS than in non-neoplastic liver tissue, possibly
after recent antigenic activation. These cells contained several
populations, including the following: (1) functionally impaired,
proliferating CD4þ cells co-expressing Inducible T-cell cos-
timulator (ICOS) and T cell immunoreceptor with Ig and ITIM
domains (TIGIT); (2) functionally active CD8þ cells co-
expressing CD38 and Programmed cell-death protein 1 (PD1);
and (3) CD4-CD8 double-negative T-cell receptor ab and gd

cells (both non–major histocompatibility complex–restricted T
cells). When the identified clusters were compared with his-
tologic classification performed on the same samples, an
accumulation of activated T cells was observed in immune-
inflamed HCC. The same analyses performed in 7 patients
receiving nivolumab treatment showed a remarkable reduction
in the functionally impaired CD4þ cells, which returned to
almost normal activity over time.

CONCLUSIONS: Unique populations of activated T cells are
present in HCC tissue, whose antigen specificity remains to be
investigated. Some of these cell populations are functionally
impaired and nivolumab treatment restores their responsive-
ness. The finding of ongoing immune response within the
tumor shows which lymphocyte populations are impaired
within the HCC and identifies the patients who might take
benefit from immunotherapy. (Cell Mol Gastroenterol Hepatol
2020;9:195–218; https://doi.org/10.1016/j.jcmgh.2019.08.004)
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Hing cause of worldwide mortality and is the most
common primary liver cancer, accounting for 90% of all
liver cancers.2 Epidemiologic studies have shown that HCC
occurs mostly in patients with chronic liver diseases
including those caused by hepatitis viral infection, alcohol
abuse, nonalcoholic steatohepatitis, obesity, and exposure to
the fungal aflatoxin B1 toxin.2,3

Inflammation can be an essential component of cancer
development and also facilitates cell growth.4 In HCC, the
chronic liver inflammation is sustained by activation of
innate and adaptive immune cells that contribute to liver
damage, leading to cell transformation and tumor cell in-
vasion of liver tissue.5 Immune cells accumulating within
the tumor also may exert antitumor activities, thereby their
characterization may acquire an important prognostic
value.6 Indeed, a recently proposed classification of tumors
was based on the presence of lymphocytic infiltrate in the
tumor microenvironment6: inflamed tumors are those with
lymphocytic infiltrate; immune-excluded, those with lym-
phocytes only at tumor edges, and immune-desert, those
with minimal numbers of lymphocytes near tumor tissue.
Inflamed tumors usually are characterized by local pro-
duction of proinflammatory cytokines and are associated
with a high response rate to anticheckpoint therapy.6

However, which tumor-infiltrating lymphocytes correlate
with antitumor response, or are unleashed by anti-
checkpoint therapy, remains unclear. Importantly, it also is
unknown whether unique lymphocytes that are present in
inflamed tumors are predictive of therapy response and
have prognostic value.

Tumor-infiltrating lymphocytes (TILs) have been studied
for their prognostic value in several human tumors,7,8

including HCC,9 in which the presence of T cells and the
absence of macrophages correlated with patient survival.
These studies did not show whether unique T-cell pop-
ulations preferentially infiltrate HCC.

It also remains unknown whether HCC TILs are func-
tionally impaired and, if so, which population then becomes
the antigen-nonresponder. Unresponsive T cells might
represent tumor-specific lymphocytes, which are potential
targets of immunomodulatory therapies. Current HCC
treatment options remain unsatisfactory. The use of the
immune checkpoint inhibitor nivolumab in HCC patients
lead to durable objective responses, although in a small
percentage of patients.10 The small efficacy might be a
consequence of expression of other inhibitory receptors by
HCC TILs. Therefore, the identification of the populations
providing antitumor immunity might be of great help to
define personalized checkpoint inhibitory therapy and in-
crease the chance of therapy response.

In this study we performed a multidimensional analysis
of TILs infiltrating HCC and compared them with T cells
present in nontumor liver (non–tumor infiltrating lympho-
cytes [NTILs]) and peripheral blood mononuclear cells
(PBMCs) of the same donors. Within HCC we found evidence
of recently activated CD4þ, CD8þ, and CD4-CD8 double-
negative (DN) unique T-cell populations. Some of these
cells were exhausted effector T cells that recovered immune
responsiveness upon nivolumab treatment. These pheno-
typic and functional characteristics of HCC TILs identify
novel T-cell populations that might be the target of immu-
notherapy in this type of tumor.
Results
Patient and Biopsy Cohort

A total of 36 patients were studied and their clinical
and pathologic characteristics are summarized in Table 1.
HCC biopsy specimens were obtained from 34 patients
before therapeutic treatment. Eleven HCC biopsy speci-
mens were obtained from 7 nivolumab-treated (anti-PD1
immunotherapy) patients. The patients were predomi-
nantly male (83.3%), and half of them (47.2%) suffered
from cirrhosis. From each HCC patient paired samples of
peripheral blood and nontumor liver biopsy specimens
also were obtained.
CD4þ T Cells Are Enriched in Tumor Tissue
Comparative analyses were performed on samples ob-

tained from TILs, NTILs, and PBMCs. The frequency of CD4þ

T cells in TILs was significantly higher compared with NTILs
(66.6% ± 3.36% vs 45.25% ± 2.9% of CD3þ T cells; P ¼
.0001). On the contrary, CD8þ and DN T-cell frequencies
were lower in TILs compared with NTILs (25.3% ± 3.41 vs
40.8% ± 2.77 for CD8þ T cells; P ¼ .02; and 4.44% ± 1 vs
7.24% ± 1.7 for DN T cells; P ¼ .0018). Within the DN T
cells, T-cell receptor (TCR) gd cells were reduced in the
tumor compared with nontumor liver (2.85% ± 1.53 vs
7.15% ± 1.71; P ¼ .01), whereas mucosal-associated
invariant T (MAIT) cells did not show major differences in
TILs vs NTILs (2.57% ± 0.8 vs 3.28% ± 0.96, respectively)
(Figure 1A). The percentages of CD4þ, CD8þ, DN, and TCR
gd T cells were not different between TILs and PBMCs. The
frequencies of MAIT cells in TILs and NTILs were higher
than in the PBMCs (2.13% ± 0.5 and 0.73% ± 0.22,
respectively; P ¼ .0007), confirming the preferential locali-
zation of MAIT cells into the liver.11,12 Taken together, these
data showed that CD4þ T cells are enriched whereas CD8þ,
DN, and TCR gd T cells are decreased in HCC compared with
nontumor liver.
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Table 1.Clinical and Pathologic Characteristics of HCC Patients

Patient

Tumor
biopsy
code

Cell
number,

106

Edmondson–
Steiner

grade, I–IV TIM

Intratumoral
TIL,
%

Stroma
TIL,
% Time point Sex YOB BC Cirrhosis

Liver
Disease AFP

1 D403 4.5 II 3 0 0 Pretreatment M 1944 A No NAFLD 9.5

2 D214 20 II 2 0 30 Pretreatment M 1944 A Yes ALD 7.2

3 D316 3.5 II 3 0 0 Pretreatment M 1932 A No NAFLD 1

4 D373 7.5 II 2 5 30 Pretreatment F 1938 A No HEP C 5.6

4 D557 2.5 III 1 20 20 Nivolumab F 1938 A No HEP C 5.6

5 D143 2 III 1 20 20 Pretreatment F 1954 D Yes ALD 6

6 D330 30 II 1 10 20 Pretreatment M 1938 C Yes ALD 48

6 D448 1.4 II 1 10 30 Nivolumab M 1938 C Yes ALD 48

7 D096 3.5 IV 1 20 20 Pretreatment M 1941 A No ALD 2

8 D324 10 III 1 10 20 Pretreatment M 1959 D Yes ALD 104,710

9 D332 3.6 II 1 10 20 Pretreatment M 1945 A No ALD 3.1

10 D359 18 III 1 20 NA Pretreatment M 1930 B No ALD and NAFLD 5917

11 D147 4.5 III 1 10 10 Pretreatment M 1948 A No HEP B 32.5

12 D562 2.5 II 2 5 30 Pretreatment M 1943 A Yes HEP C 2.5

13 D304 NA III 3 5 0 Pretreatment M 1953 A No HEP C and ALD NA

14 D588 2.5 II 3 0 0 Pretreatment M 1932 A No NAFLD 338

15 D565 5 IV 1 20 5 Pretreatment M 1974 C No NAFLD 645

16 D274 1.6 III 1 10 10 Pretreatment M 1936 A Yes NAFLD 1.3

17 D029 2 II 2 0 40 Pretreatment F 1943 B Yes ALD 7.9

18 D113 0.8 III 1 10 30 Pretreatment M 1937 A No ALD and NAFLD 49.8

18 D386 6 III 1 30 20 Pretreatment M 1937 A No ALD and NAFLD 49.8

18 D388 1.2 III 1 30 20 Pretreatment M 1937 A No ALD and NAFLD 49.8

19 D336 18 II 3 5 0 Pretreatment M 1936 C Yes ALD 6.6

19 D572 2 II 1 10 10 Nivolumab M 1936 C Yes ALD 6.6

19 D573 2.5 II 3 0 0 Nivolumab M 1936 C Yes ALD 6.6

20 D268 30 II 1 20 NA Pretreatment M 1946 B Yes ALD and NAFLD 10.2

21 D240 60 II 3 5 5 Pretreatment M 1944 B Yes ALD and NAFLD 5.6

22 D228 60 II 1 10 20 Pretreatment M 1936 A Yes ALD 3.6

23 D483 1.2 II 1 20 20 Pretreatment M 1934 A No ALD and NAFLD 2.7

24 D176 40 II 3 0 0 Pretreatment M 1937 C No NAFLD 0.9

25 D020 NA III 1 30 5 Pretreatment F 1945 C Yes ALD 1745

26 D302 150 III 1 30 20 Pretreatment F 1949 C Yes ALD 400,000

27 D158 18 II 2 0 30 Pretreatment F 1939 B Yes NAFLD 4.6

28 D156 60 II NA 5 NA Pretreatment M 1949 A Yes HEP B 2
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Table 1.Continued

Patient

Tumor
biopsy
code

Cell
number,

106

Edmondson–
Steiner

grade, I–IV TIM

Intratumoral
TIL,
%

Stroma
TIL,
% Time point Sex YOB BC Cirrhosis

Liver
Disease AFP

29 D017 NA III NA 5 NA Pretreatment M 1933 A No ALD 231

30 D045 1.5 III 3 0 5 Pretreatment M 1947 A Yes HEP C 7852

31 D135 1.9 IV 1 10 30 Pretreatment M 1959 C Yes HEP C 11.4

32 D200 21 II 3 0 0 Pretreatment M 1940 B No ALD and NAFLD 1615

32 D201 30 III 1 20 NA Pretreatment M 1940 B No ALD and NAFLD 1615

32 D202 20 II 3 0 NA Pretreatment M 1940 B No ALD and NAFLD 1615

32 D318 4 II 3 0 5 Pretreatment M 1940 B No ALD and NAFLD 1615

32 D319 2.7 II 3 0 0 Pretreatment M 1940 B No ALD and NAFLD 1615

32 D505 NA III NA 0 NA Nivolumab M 1940 B No ALD and NAFLD 1615

33 D503 NA III 1 20 20 Pretreatment M 1941 B No NASH 3995

34 C948 NA III 1 20 20 Pretreatment M 1958 C Yes HEP C and ALD 12,054

34 C949 NA III 1 30 30 Pretreatment M 1958 C Yes HEP C and ALD 12,054

34 D001 1.7 III 1 30 30 Nivolumab M 1958 C Yes HEP C and ALD 12,054

35 D470 NA III 1 20 10 Nivolumab M 1958 C No HEP C and NASH 3.9

36 D152 60 II 1 20 0 Nivolumab M 1943 B No HEP C 1057

36 D153 60 I 2 5 10 Nivolumab M 1943 B No HEP C 1057

36 D340 6 II 1 20 0 Nivolumab M 1943 B No HEP C 1057

36 D341 7 I 2 0 10 Nivolumab M 1943 B No HEP C 1057

NOTE. For the tumor-immune microenvironment, 1 indicates immune-inflamed, 2 indicates immune-excluded, and 3 indicat s immune-desert.
AFP, a-fetoprotein; ALD, alcoholic liver disease; BCLC, Barcelona Clinic Liver Cancer; HEP B, hepatitis B; HEP C, hepatitis ; NA, not applicable; NAFLD, nonalcoholic
fatty liver disease; NASH, nonalcoholic steatohepatitis; TIM, tumor-immune microenvironment; YOB, year of birth.
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Figure 1. Frequency and phenotype of CD3D T-cell subsets in HCC patients. (A) Box plots showing the frequency of CD4,
CD8, DN, MAIT, and TCR gd cells in TILs vs NTILs and PBMCs. Each dot represents an individual sample. (B) Box plots
showing the phenotype of CD3þ cells. The percentage of cells expressing the indicated markers is indicated for each sample.
(C) tSNE map of total CD3þ cells in TILs (yellow dots), NTILs (purple dots), and PBMCs (green dots). *P � .05, **P � .01, ***P �
.001, and ****P � .0001, 2-tailed paired test for multiple comparison (Tukey test). ns, not significant.
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The underlying liver disease (viral hepatitis vs alcoholic
hepatitis) did not show direct influence on the immune
infiltrate, with the exception of a slightly larger number of
CD4 cells in NTILs and PBMCs (Figure 2).

CD137 and ICOS Expressing T Cells Are
Enriched in the Tumor

Next, a multiparametric flow cytometry analysis was
performed to characterize TIL phenotype and functional
state. The expression of activation markers (CD103, CD69,
CD38, CD137, CD150, HLA-DR, and ICOS) and inhibitory
receptors (TIGIT, KLRG-1, and PD1) was compared on T
cells isolated from TILs, NTILs, and PBMC (see list of
analyzed molecules in Table 2). Increased expression of
CD137 and ICOS were found on TILs vs NTILs (P ¼ .005 and
P ¼ .0002, respectively) and vs PBMCs (P ¼ .0001 and P ¼
.0001, respectively) (Figure 1B). Of note, these markers
were similarly expressed by NTILs and PBMCs, indicating
that their expression was tumor-associated and not a
consequence of liver homing. The increased CD137 and
ICOS expression indicated the presence of recently activated
T cells in the tumor.13 To assess whether these markers
might show the emergence of unique T cells infiltrating HCC
tissue, we analyzed all markers using the t-distributed sto-
chastic neighbor embedding (tSNE) algorithm that reduces
all data to 2 dimensions (Figure 1C). Unique populations
appeared in TILs whereas the major cell clusters in NTILs
and PBMCs were very similar to each other. NTILs also
showed small clusters different from PBMCs, which prob-
ably reflect unique liver-resident T-cell populations.
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Figure 2. Frequency and phenotype of CD3D T-cell subsets in viral and nonviral hepatitis. Box plots showing the fre-
quency of CD4, CD8, DN, MAIT, and TCR gd cells in TILs, NTILs, and PBMCs. Each dot represents an individual sample. *P �
.05, Wilcoxon signed-rank test, adjusted with the Benjamini and Hochberg method. ns, not significant.
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Table 2.Cell Surface Immunostaining Panel 1

Marker Dye Host species Reactivity Clone Description Catalog no

CD3 PE/Cy7 Mouse Human UCHT1 Co-receptor: CD3 T cells 300420

CD4 Brilliant Violet 711 Mouse Human OKT4 Co-receptor: CD4 T cells 317440

CD8 BUV 496 Mouse Human RPA-T8 Co-receptor: CD8 T cells 564804

TCR gd Brilliant Violet 421 Mouse Human B1 T-cell receptor: TCR gd 331218

hMR1-5OP-RU Tetramer PE Human MR1-Ag tetramer: MAIT cells 31704 R

CD19 PE/Cy5 Mouse Human J3-119 Co-receptor: B cells A07771

CD14 PE/Cy5 Mouse Human RMO52 Co-receptor: monocytes A07765

CD137 PE/Dazzle 594 Mouse Human 4B4-1 Costimulatory receptor 309826

CD278 (ICOS) Brilliant Violet 510 Mouse Human C398.4A Costimulatory receptor 313525

CD150 (SLAM) FITC Mouse Human A12 (7D4) Costimulatory receptor 306306

CD38 Brilliant Violet 650 Mouse Human HB-7 cADP ribose hydrolase 356620

HLA-DR Alexa Fluor 700 Mouse Human L243 Ag presenting molecule 307626

CD69 APC/Cy7 Mouse Human FN50 Adhesion molecule 310914

CD103 APC Mouse Human Ber-ACT8 Adhesion molecule 350216

TIGIT (VSTM3) PerCP-eFluor 710 Mouse Human MBSA43 Inhibitory receptor 46-9500-42

PD1 Brilliant Violet 785 Mouse Human EH12.2H7 Inhibitory receptor 329930

KLRG1 Brilliant Violet 605 Mouse Human 2F1/KLRG1 Inhibitory receptor 138419

Ag, antigen; cADP, cyclic adenosine diphosphate; FITC, fluorescein isothiocyanate; PE, phycoerythrin.
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These data clearly indicated that HCC TILs are different
form liver-resident T cells and might have immunologic
relevance.
Enrichment of ICOSþ TIGITþ CD4þ T Cells in
HCC Vs Nontumor Liver and Peripheral Blood

To better characterize HCC-associated clusters, tSNE
analysis was performed on individual CD4þ, CD8þ, and
DN T-cell subpopulations. The distribution of CD4þ T cells
in tumor liver (yellow), in nontumor liver (purple), and in
PBMCs (green) from 15 HCC patients is shown in
Figure 3A. High expression of multiple activation markers
(CD69, ICOS, CD150, CD137, HLA-DR, and ICOS) and
inhibitory receptors (PD1 and TIGIT) mostly contributed
to different clustering of CD4þ TILs (Figure 3B). As ex-
pected, small numbers of MAIT and TCR gd cells were
present in the CD4þ compartment and did not show sig-
nificant differences between TILs and NTILs. Further an-
alyses of CD4þ T cells performed using the density-based
spatial clustering application with noise algorithm
(DBSCAN) algorithm14 showed 11 clusters (CD4-1, -2, -3,
-4, -5, -7, -8, -10, -11, -14, and -19) significantly enriched
in HCC vs NTILs and PBMCs (Figure 3C and D). These
clusters shared high levels of TIGIT and ICOS and differed
in the expression of other activation markers and inhibi-
tory receptors (Figure 3E). All clusters, except cluster
CD4-1, CD4-2, and CD4-19, expressed high levels of
CD137, a marker associated with recent T-cell activa-
tion.13 Furthermore, most CD137þ activated cells also
expressed PD1, probably indicating that these cells had
undergone multiple rounds of activation within HCC.15,16

The expression of CD69 suggested that they were
tissue-resident cells within the tumor,17 although this
marker also may indicate previous antigen stimulation.
Collectively, these data showed that CD4þ T cells co-
expressing ICOS and TIGIT were preferentially accumu-
lated in the tumor compared with the nontumor liver and
PBMCs.
ICOSþ TIGITþ CD4þ TILs Proliferate in HCC But
Are Functionally Impaired

The effector functions of CD4þ and CD8þ HCC TILs,
were investigated in a second cohort of patients that also
served as validation of the first HCC cohort. Matched TILs,
NTILs, and PBMCs of 13 HCC patients were stimulated with
phorbol 12-myristate 13-acetate (PMA) and ionomycin and
analyzed by 13-parameter flow cytometry for their
expression of activation markers and effector molecules
(see list of analyzed molecules in Table 3). The analysis of
interferon-g (IFN-g), tumor necrosis factor-a (TNF-a),
interleukin (IL)22, granzyme B, and perforin showed 19
clusters in CD4þ T cells (Figure 4A and B). These results
also confirmed that in this second cohort of patients, ICOSþ

CD137þ TIGITþ PD1þ T cells (cluster CD4-6) were
enriched in HCC tissue (Figure 4C and D), thus validating
the results observed in the first cohort of patients. Cluster
CD4-6 showed a profound nonfunctional phenotype
because these cells did not produce any of the investigated
cytokines, although other CD4þ T cells did (Figure 4E).
Remarkably, this T-cell subpopulation, compared with the
ICOS- TIGIT- CD4þ counterpart, showed high levels of the
transcription factors Foxp3 (P ¼ .02) and Helios (P ¼ .02),
but not of T-bet, and also expressed the proliferation
marker Ki-67 (P ¼ .03) within the tumor, suggesting an



Figure 3. ICOSD TIGITD CD4D T cells are enriched in TILs. (A) tSNE map of CD4þ T cells in TILs (yellow dots), NTILs (purple
dots), and PBMCs (green dots) of the first HCC cohort (n ¼ 15). (B) tSNE maps showing the expression level and the dis-
tribution of each indicated marker. The color scale indicates the relative expression levels. (C) tSNE map of CD4þ T cells with
each cluster colored differently. (D) Box plots showing the frequency of CD4þ T cells in each significantly enriched cluster in
TILs vs NTILs. (E) Heatmap showing the normalized expression of the markers for selected clusters. The color scale indicates
the relative expression levels. *P � .05 and **P � .001, Wilcoxon signed-rank test, adjusted with the Benjamini and Hochberg
method.
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activated phenotype (Figure 4F), in concordance with their
expression of CD137 (Figure 4E).

Increased Frequency of CD38þ PD1þ CD8þ T
Cells in HCC

We next compared CD8þ T cells in the 3 tissues
(Figure 5A). Activated CD8þ T cells preferentially
accumulated in the tumor (Figure 5B), whereas CD8þ MAIT
and TCR gd cells showed similar expression in the investi-
gated tissues (Figure 5B). Most of CD8þ TILs expressed
CD38 and PD1. Although cluster CD8-18 was enriched
significantly in HCC (P ¼ .05), clusters CD8-1, -2, -7, and -9,
also containing CD38þ PD1þ CD8þ T cells, were not
(Figure 5C and D). Clusters CD8-1, -2, -7, and -9 also



Table 3.Cell Surface and Intracellular Staining Panel 2

Marker Dye Host species Reactivity Clone Description Catalog no

CD3 Alexa Fluor 700 Mouse Human UCHT1 Co-receptor: CD3 T cells 300424

CD4 PE Mouse Human RPA-T4 Co-receptor: CD4 T cells 561843

CD8 BUV 496 Mouse Human RPA-T8 Co-receptor: CD8 T cells 564804

CD19 PE/Cy5 Mouse Human J3-119 Co-receptor: B cells A07771

CD14 PE/Cy5 Mouse Human RMO52 Co-receptor: monocytes A07765

CD137 PE/Dazzle Mouse Human 4B4-1 Costimulatory receptor 309826

CD278 (ICOS) Brilliant Violet 510 Mouse Human C398.4A Costimulatory receptor 313525

CD38 Brilliant Violet 650 Mouse Human HB-7 cADP ribose hydrolase 356620

TIGIT (VSTM3) PerCP-eFluor 710 Mouse Human MBSA43 Inhibitory receptor 46-9500-42

PD1 Brilliant Violet 785 Mouse Human EH12.2H7 Inhibitory receptor 329930

IL22 PE Mouse Human 2G12A41 Proinflammatory cytokine 366704

TNF-a PE/Cy7 Mouse Human MAb11 Proinflammatory cytokine 502930

IFN-g APC/Cy7 Mouse Human 4S.B3 Proinflammatory cytokine 502530

Granzyme B FITC Mouse Human/mouse GB11 Cytotoxic molecule 515403

Perforin Brilliant Violet 421 Mouse Human B-D48 Cytotoxic molecule 353307

cADP, cyclic adenosine diphosphate; DAPI, 40,6-diamidino-2-phenylindole; FITC, fluorescein isothiocyanate;
PE, phycoerythrin.
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expressed the tissue-residence markers CD69 and/or
CD103,18,19 suggesting prolonged retention in HCC.20

The enrichment of PD1þ CD8þ T cells in HCC and the
correlation of high PD1 levels with CD38 expression indicate
the presence of previously activated cells, some of which
could be tumor-specific within this cluster,21 as also
recently reported for non–small-cell lung cancer.22

Next, we compared the functional activities of CD8þ T
cells in TILs, NTILs, and PBMCs (Figure 6A and B).
Seventeen clusters were identified (Figure 6C), of which 3
(clusters CD8-2, CD8-5, and CD8-7) showed accumulation
in the tumor and contained CD38þ PD1þ CD8þ T cells
(Figure 6D). These 3 clusters showed variable production
of IFN-g, TNF-a, and granzyme B (Figure 6E), suggesting a
proinflammatory role. CD38þ PD1þ cells were signifi-
cantly more proliferating (Ki-67þ) than CD38- PD1- cells
(P ¼ .04) (Figure 6F), and showed similar expression of
FoxP3, Helios, and T-bet transcription factors (Figure 6F).
Taken together, these findings confirmed the presence
within HCC of proliferating and functional CD38þ PD1þ

cells, which might contribute to local inflammation and
antitumor response.
Two Unique Populations of DN T Cells Are
Present Within HCC

CD4- CD8- DN T cells contain different populations of
innate-like T cells, including TCR gd and MAIT cells, and
are more abundant in the liver than in PBMCs.12,23

Multidimensional analysis of 10 markers (Figure 7A and
B) showed 2 DN clusters significantly enriched in HCC
biopsy specimens (Figure 7C and D). Cluster DN-6 con-
tained activated CD38þ TCR gd cells co-expressing the
tissue-resident markers CD69 and CD10317 and cluster
DN-7 composed by TCR ab non-MAIT cells expressing the
activation markers CD69, CD137, CD150, and HLA-DR,
and the inhibitory TIGIT molecule (Figure 7E). Because
CD137 is a marker of recent T-cell activation,13 these
findings suggest that a population of DN TCR ab cells
might be activated within HCC.

Comparison of TIL Phenotype Correlates With
Tumor Immunohistologic Profile

An important classification of tumors relies on the
presence of mononuclear cell infiltrate (immune-inflamed,
immune-excluded, and immune-desert) within tumor tis-
sue.6 To investigate potential correlations between the
presence of immune infiltrate and unique cell clusters,
each biopsy also was classified by H&E staining according
to the immune infiltrate after recently proposed guide-
lines24 (Figure 8). Nonsupervised hierarchical clustering
identified 3 groups of CD4þ TILs, 4 groups of CD8þ TILs,
and 4 groups of DN TILs (Figure 9A, C, and E, respec-
tively). Next, we assessed the abundance of each group in
inflamed vs noninflamed tumors (Figure 9B, D, and F).
Within CD4þ TILs, group 1 cells were accumulated
significantly in inflamed tumors and were highly activated
(Figure 9B). All cells co-expressed ICOS and TIGIT and,
with some variability, other activation markers and
inhibitory receptors. Group 2 cells lacked the CD69
marker and were enriched significantly in noninflamed
tumors. Finally, group 3 included liver-resident T cells
equally represented in inflamed and noninflamed tumors
(Figure 9A and B).

Within CD8þ TILs, 4 groups were identified. Group 1
cells contained resident memory CD8þ TILs, co-expressed
CD38, PD1, and TIGIT, together with both tissue-residence
markers CD69 and CD103. Group 1 CD8þ TILs were



Figure 4. ICOSD TIGITD CD4D T cells enriched in TILs are functionally impaired. (A) tSNE map of CD4þ T cells in TILs
(yellow dots), NTILs (purple dots), and TILs (green dots) of the second HCC cohort (n ¼ 13). (B) tSNE maps showing the
expression level and the distribution of each indicated marker. The color scale indicates the relative expression levels. (C) tSNE
map with each cluster of CD4þ T cells colored differently. (D) Box plots showing the frequency of CD4þ T cells within cluster
CD4-6 in TILs, NTILs, and PBMCs. (E) Heatmap showing the normalized expression of each marker in the indicated clusters.
The color scale indicates the relative expression levels. * indicates cluster CD4-6, which is increased significantly in TILs vs
NTILs. (F) Box plots showing the expression of indicated transcription factors on ICOSþ TIGITþ CD4þ and ICOS- TIGIT- CD4þ

TILs. *P � .05 and **P � .01, Wilcoxon signed-rank test, adjusted with the Benjamini and Hochberg method. ns, not significant.
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enriched significantly in inflamed tumors, possibly as a
result of local activation. Group 2 TILs identified liver-
resident MAIT cells and group 4 identified liver-resident
CD8þ TILs. Both groups were not activated and were
distributed equally among inflamed and noninflamed tu-
mors. Finally, group 3 TILs contained CD8þ T cells with a
nonactivated and non–tissue-residence phenotype, and
were enriched in noninflamed tumors (Figure 9C and D).

In DN TILs, group 1 contained MAIT cells, and group 2
contained both TCR ab and gd cells characterized by low
expression of activation and tissue-residence markers. In
contrast, group 3 contained activated CD150þ DN cells and
was enriched significantly in inflamed tumors. Finally, group
4 contained tissue-resident DN cells (Figure 9E and F).
These findings showed that in HCC immune-inflamed tu-
mors there are significantly increased populations of CD4þ,
CD8þ, and DN TILs, which co-express unique markers of
activation and tissue residence.
Phenotypic and Functional Changes of CD4þ

and CD8þ T Cells in Tumor Biopsy Specimens
Upon Nivolumab Treatment

Next, we examined the effects of the immune-checkpoint
inhibitor nivolumab on TIL phenotype and function. Biopsy
specimens before and during nivolumab therapy were
studied in 7 HCC patients (Table 1, patients 4, 6, 19, 32, 34,
35, and 36, and Table 4 shows the list of analyzed mole-
cules). We also found expression of CD38, ICOS, PD1
markers, and of IFN-g, and IL13 cytokines and granzyme B
in the TILs of these patients before treatment, as well as
expression of the transcription factor T-bet (Figures 10A
and B and 11A and B).

When we analyzed individual cell clusters
(Figure 10C), an enrichment of activated and functionally
impaired CD4þ T cells was detected in TILs before
treatment (cluster CD4-2; P ¼ .006) (Figure 10D and E).
Nivolumab therapy induced changes in the composition of



Figure 5. CD38D PD1D CD8D T cells are enriched in TILs. (A) tSNE map of CD8þ T cells in TILs (yellow dots), NTILs (purple
dots), and PBMCs (green dots). (B) tSNE maps showing the expression level and the distribution of each indicated marker. The
color scale indicates the relative expression levels. (C) tSNE map with each cluster of CD8þ T cells colored differently. (D) Box
plots showing the frequency of CD8þ T cells in each cluster significantly enriched in TILs. (E) Heatmap showing the normalized
expression of the markers for the indicated clusters. The color scale indicates the relative expression levels. *P � .05, Wilcoxon
signed-rank test, adjusted with the Benjamini and Hochberg method. ns, not significant.
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CD4þ and CD8þ TIL clusters (Figure 12A, B, E–G), namely
a reduced percentage of cells in cluster CD4-2 (ICOSþ

CD137þ TIGITþ PD1þ CD4þ T cells), which, however, was
not statistically significant (P ¼ .06). Nivolumab therapy
significantly reduced the percentage of cells in cluster
CD4-10 (P ¼ .03) that express RAR-related orphan re-
ceptor gamma T (RORgT) and T-bet and produce IFN-g
and IL13, while it increased the percentage of IFN-
g–producing CD38þ CD4þ T cells (cluster CD4-14; P ¼
.001) (Figure 12C and D). Nivolumab therapy also pro-
moted the enrichment of IFN-g–producing CD38þ CD8þ T
cells (cluster CD8-2; P ¼ .01) (Figure 12H and G). Inter-
estingly, in 2 patients with an immune-inflamed profile
who responded to nivolumab, changes in patient-specific
clusters of CD8þ TILs were observed (Figure 13A–H).
However, therapy-induced changes also were observed in
a patient who did not respond to nivolumab (Figure 13N).
Because not all patients with an immune-inflamed tumor
profile responded to nivolumab, our data suggest that the
presence of an immune-inflamed profile is necessary but
not sufficient for clinical response to anti-PD1 immuno-
therapy. Because only 15% to 20% of HCC patients
respond to nivolumab,10 we could explain this low
response rate by the high heterogeneity observed within
tumor-infiltrating CD8þ T cells.
Discussion
Tumor-infiltrating immune cells greatly contribute to

therapy response and disease arrest.25–29 Among the tumor
infiltrating cell types, T lymphocytes directly participate in
tumor killing and are considered favorable prognostic
markers across multiple cancers.7,8,30,31 However, the
presence of a large number of TILs is not evidence of a



Figure 6. CD38D PD1D CD8D T cells enriched in TILs show different functionality. (A) tSNE map of CD8þ T cells in TILs
(yellow dots), NTILs (purple dots), and PBMCs (green dots). (B) tSNE maps show the expression level and the distribution of
each indicated marker. Color scale indicates the relative expression levels. (C) tSNE map with each cluster of CD8þ T cells
colored differently. (D) Box plots show the frequency of the CD38þ PD1þ CD8þ T-cell clusters increased in TILs. (E) Heatmap
shows the normalized expression of each marker in the indicated clusters. Color scale indicates the relative expression levels.
The * denote the clusters increased in TILs vs NTILs. (F) Box plots show the expression of the indicated transcription factor and
proliferation marker in CD38þ PD1þ CD8þ and CD38- PD1- CD8þ TILs. Wilcoxon signed-rank test, adjusted with the Benjamini
and Hochberg method. ns, not significant.
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favorable prognosis because the status of T-cell activation,
the expression of costimulatory and co-inhibitory molecules,
and the functional capacity of TILs also contribute to the
prognostic outcome.32 Therefore, both TIL phenotype and
functional properties are important to establish effective
antitumor immunity.

In recent studies the TIL landscape in HCC has been
investigated using different approaches.33–36 Single-cell
transcriptome studies were performed on small numbers
of cells (<150 each in 6 HCC patients) and showed the
presence of different CD8þ populations expanded from a
few precursors and characterized by exhausted and regu-
latory T cell (Treg) signatures.33 A second study also
showed the presence of a large numbers of both effector
Tregs and CTLA-4þ CD8þ T cells in nonalcoholic
steatohepatitis–related HCC patients, whereas large
numbers of PD1þCD8þ T cells were observed in hepatitis B
virus–related HCC patients.34 In a third study, Treg and
CD8þ resident memory T cells were found enriched in a
hepatitis B virus–related HCC microenvironment, which also
was shown to contain more exhausted T cells than the
microenvironment of non–viral-related HCC.36 Despite these
informative studies, a comprehensive assessment of
phenotypic and functional T-cell populations in HCC still is
lacking. In particular, it would be very important to identify
which cell population(s) mediate an effective antitumor
immune response at least in a group of HCC patients, and
also to show the mechanisms contributing to immune-
desert or immune-inflamed HCC. These factors might be
useful to predict the response to immunotherapy.37



Figure 7. Unique clusters of DN T cells are enriched in TILs. (A) tSNE map of DN T cells in TILs (yellow dots), NTILs (purple
dots), and PBMCs (green dots). (B) tSNE maps show the expression level and the distribution of each indicated marker. Color
scale indicates the relative expression levels. (C) tSNE map with each cluster of DN T cells colored differently. (D) Box plots
show the frequency of cells in each cluster significantly enriched in TILs. (E) Heatmap shows the normalized expression of the
markers for the indicated clusters. Color scale indicates the relative expression levels. *P � .05, Wilcoxon signed-rank test,
adjusted with the Benjamini and Hochberg method.
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In the present study we performed multidimensional
flow cytometric analysis of T cells isolated from tumor and
nontumor liver biopsy specimens and from peripheral blood
of HCC patients. These investigations provide several novel
insights into the immune response to HCC.

First, the tumor environment was found to be enriched
in CD4þ T cells whereas CD8þ T cells and DNs were more
abundant in nontumor liver tissue, in agreement with
data from transcriptomics studies.33 We also found that
TCR gd cells were less abundant in the tumor microen-
vironment than in normal liver, whereas MAIT cells were
equally present. Whether these 2 populations of innate-
like T cells have a role in the immune response to HCC
remains open, although these findings seem to exclude
local activation and recognition of tumor cells. On the
contrary, a population of tumor-infiltrating CD4þ T cells
expressed CD137, a marker up-regulated in a transient
manner upon T-cell antigen recognition.38 CD4þ cells also
showed high expression of ICOS, an inducible cos-
timulatory molecule expressed on previously activated T
cells and T-follicular helper cells.39 The presence of cells
expressing both CD137 and ICOS markers might indicate
that CD4-expressing cells are activated within the HCC
microenvironment and perhaps recognize locally
presented antigens. This possibility is in agreement with
previous studies showing that CD137þ cells isolated from
ovarian cancers or melanomas are enriched in tumor-
specific T cells.31,40 The nature of the HLA class
II–expressing antigen-presenting cells remains to be
investigated, as does the identification of the antigens that
stimulate CD4þ cells within HCC.

Interestingly, we did not find an accumulation of CD8þ

or DN cells that expressed CD137, suggesting the absence of
recent stimulation within HCC, or, alternatively, their un-
responsive state.

A second finding was the presence of exclusive T-cell
populations within HCC. The tSNE analyses showed the
presence of unique CD4þ, CD8þ, and DN TILs, which were
under-represented in NTILs and PBMCs. Within CD4þ cells,
ICOS and TIGIT-co-expressing cells were tumor-enriched.
TIGIT is a co-inhibitory molecule present in activated T
cells, and contributes to down-modulation of T-cell re-
sponses.41 The co-expression of ICOS and TIGIT strongly
suggest that CD4þ cells activated within the tumor are
probably becoming poor antigen-responders.27 Most ICOSþ

and TIGITþ CD4þ cells also expressed the CD137 marker,
possibly suggesting recent antigen recognition. Finally, the
majority of these cells also expressed the PD1 inhibitory



Figure 8. Representative histology of HCC tumors from 9 patients. (A) Immune-inflamed HCC with immune cells closely
intermingled with tumor cells. (B) Immune-excluded HCC, showing �10% of the tumor stroma populated by immune cells
located in the immediate vicinity of tumor cells. (C) Immune-desert HCC, showing less than 10% of the tumor stroma
populated by lymphocytes, without dense immune cell infiltrates, and no contact of immune cells with tumor cells (original
magnification, �100, H&E stain). Arrows indicate the presence of lymphocytic infiltrates.
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molecule. Although transient expression of inhibitory re-
ceptors is a characteristic of normal T-cell activation, the
sustained expression of multiple immune checkpoint mole-
cules is a hallmark of T-cell exhaustion after chronic stim-
ulation by an antigen.27 The latter possibility may be the
case of this unique CD4 population, which showed a
remarkable hyporesponsiveness and did not produce cyto-
kines upon stimulation, even with PMA þ ionomycin. Not all
cells co-expressing PD1 and TIGIT were functionally
impaired, suggesting that only some cells were chronically
stimulated within the tumor.42

Recent studies described the increased frequency of
ICOSþ FoxP3þ Tregs in HCC43 and, more recently, a single-
cell transcriptomics study proposed a unique HCC-
infiltrating Tregs gene signature33 that overlapped with
signatures in melanoma, breast, colon, and lung
cancers.44–46 In accordance with these publications, our
studies detected a high percentage of FoxP3- and Helios-
expressing T cells within ICOSþ TIGITþ CD4þ TILs,
which could indicate a regulatory function. However,
FoxP3 and ICOS markers also are expressed by recently
stimulated T cells, and thus these cells might represent T
cells responding to antigen within the tumor. Because of
the extremely small number of this population in the bi-
opsy specimens and lack of information on antigen spec-
ificity, it was not possible to sort these cells and test their
putative inhibitory function.

In HCC biopsy specimens we also found unique clus-
ters of CD38þ, PD1þ, and CD8þ TILs, which proliferated
and expressed inflammatory (TNF-a and IFN-g) cytokines
and cytotoxic (granzyme B) molecules upon stimulation.
These cells showed a high interpatient heterogeneity that
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Table 4.Cell Surface and Intracellular Staining Panel 4

Marker Dye Host species Reactivity Clone Description Catalog no

CD3 Alexa Fluor 700 Mouse Human UCHT1 Co-receptor: CD3 T cells 300424

CD4 Brilliant Violet 711 Mouse Human OKT4 Co-receptor: CD4 T cells 317440

CD8 BUV 496 Mouse Human RPA-T8 Co-receptor: CD8 T cells 564804

CD19 PE/Cy5 Mouse Human J3-119 Co-receptor: B cells A07771

CD14 PE/Cy5 Mouse Human RMO52 Co-receptor: monocytes A07765

CD137 PE/Dazzle 594 Mouse Human 4B4-1 Costimulatory receptor 309826

CD278 (ICOS) Brilliant Violet 510 Mouse Human C398.4A Inhibitory receptor 313525

CD38 Brilliant Violet 650 Mouse Human HB-7 cADP ribose hydrolase 356620

PD1 Brilliant Violet 785 Mouse Human EH12.2H7 Inhibitory receptor 329930

IFN-g APC/Cy7 Mouse Human 4S.B3 Proinflammatory cytokine 502530

IL13 PE/Cy7 Mouse Human JES10-5A2 Proinflammatory cytokine 501914

Granzyme B FITC Mouse Human/mouse GB11 Cytotoxic molecule 515403

T-bet PE Mouse Human 4B10 Transcription factor–Th1 polarized T cell 137236

GATA-3 Brilliant Violet 711 Mouse Human 16E10A23 Transcription factor–Th2 polarized T cell 653814

RORgt APC Mouse Human/mouse AFKJS-9 Transcription factor–Th17 polarized T cell 17-6988-80

cADP, cyclic adenosine diphosphate; FITC, fluorescein isothiocyanate; PE, phycoerythrin.
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probably contributes to the high variability in tumor
immunity.

The liver is an organ containing several innate immune
cell populations.47 Among these, there is enrichment of
unconventional T cells, including MAIT, TCR gd T and DN
TCR ab T cells12,47,48 that recognize nonpeptide ligands
presented by non–major histocompatibility complex
antigen-presenting molecules.49 Their antitumor activity
recently has been debated.50,51

In HCC, we found an enrichment of activated TCR gd

cells expressing CD38, CD69, and CD103 markers. The an-
tigens and the presenting molecules stimulating gd cells in
HCC remain unknown and might provide useful information
to further investigate recruitment and antitumor activity of
TCR gd cells in HCC.

A second significantly increased TIL population was
CD4-CD8 DN and expressed a TCR ab together with the
activation markers CD137, HLA-DR, and CD69. These cells
also up-regulated CD150þ, a costimulatory molecule
present in activated lymphocytes and facilitating efficient
T- and B-cell responses.52 The expression of all such
activation markers is a strong indication that unconven-
tional T cells also might become stimulated within HCC.
The identification of the stimulatory antigens may provide
unexpected information to anti-HCC immunity and may
Figure 9. (See previous page). TIL clusters correlate with tum
expression of the indicated markers for each CD4þ TIL cluster. T
plots showing the frequency of CD4þ TIL groups in inflamed tu
mune-excluded and immune-desert tumors). (C) Heatmap show
TIL cluster. The color scale indicates the relative expression leve
inflamed tumors (immune-inflamed tumors) vs noninflamed
Heatmap showing the normalized expression of the markers fo
expression levels. (F) Box plots showing the frequency of DN
noninflamed tumors (immune-excluded and immune-desert tum
designate these DN T cells as a novel immunotherapy
target population.

Our study also provided 2 additional facts. The first is
the correlation of the presence of exclusive T cells with
currently adopted histologic classification. Immune
inflamed tumors showed an increase of unique HCC-specific
CD4þ, CD8þ, and DN TILs. Importantly, these cells
expressed markers of activation and tissue residence,
possibly suggesting activation within the tumor.

On the contrary, in immune-excluded tumors there was a
large number of cells lacking activation and tissue-residence
markers, probably reflecting recent blood extravasation.
These findings support the clinical relevance of the histo-
logic classification and identify novel markers to recognize
nonfunctional TILs in HCC.

The second additional fact is regarding the effects of
nivolumab therapy on HCC TILs. Phases 1–2 clinical
studies have shown that nivolumab treatment induces a
tumor reduction and an objective patient response to the
therapy in 15%–20% of patients with advanced HCC.10

Based on our findings on nontreated HCC patients, we
aimed to characterize the effects of anti-PD1 immuno-
therapy on the phenotype and function of the unique
populations of HCC TILs. Although significant variations in
the frequency of total T cells were not observed,
or microenvironment. (A) Heatmap showing the normalized
he color scale indicates the relative expression levels. (B) Box
mors (immune-inflamed tumors) vs noninflamed tumors (im-
ing the normalized expression of the markers for each CD8þ

ls. (D) Box plots showing the frequency of CD8þ TIL groups in
tumors (immune-excluded and immune-desert tumors). (E)
r each DN TIL cluster. The color scale indicates the relative
TIL groups in inflamed tumors (immune-inflamed tumors) vs
ors).



Figure 10. ICOSD TIGITD PD1D CD137D CD4D T cells are enriched in patients before treatment. (A) tSNE map of CD4þ T
cells from TILs (yellow dots), NTILs (purple dots), and PBMCs (green dots) of pretreatment and on-therapy HCC patients. (B)
tSNE maps show the expression level and the distribution of each indicated marker. Color scale indicates the relative
expression levels. (C) tSNE map colored by clusters of CD4þ T cells. (D) Box plot shows the frequency of the ICOSþ TIGITþ

PD1þ CD137þ CD4þ T-cell cluster significantly enriched in pretreatment HCC biopsy specimens. (E) Heatmap shows the
normalized expression of the panel markers for the indicated clusters. Color scale indicates the relative expression levels. The
red asterisk denotes the cluster 2 significantly increased in TILs vs NTILs.
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important changes of HCC unique TILs were detected. The
effects on circulating lymphocytes and NTILs were mini-
mal, whereas drastic changes were observed in TILs
because they diminished unresponsive ICOSþ TIGITþ

CD4þ T cells and increased activated CD4þ and CD8þ T
cells expressing CD38 and producing IFN-g. Thus, in HCC,
anti-PD1 treatment promotes the reduction of unrespon-
sive T cells and establishment of an inflamed tumor
microenvironment. The increased IFN-g release might
modulate both immune and tumor cell functions,53,54 thus
positively influencing antitumor immunity. These pre-
liminary findings could indicate that the histologic
enumeration of ICOSþ TIGITþ CD4þ TILs in inflamed HCC
represents a prognostic indicator of therapy responsive-
ness. However, this possibility has to be considered with
caution. Indeed, we are aware that the analysis described
here is based on a small number of patients and that
validation of its prognostic value requires ad hoc pro-
spective studies that include more patients.
In conclusion, our detailed characterization of HCC-
infiltrating TILs showed a unique populations of locally
activated T cells that may provide effective antitumor
immunity. These studies set the point for the identifica-
tion of the tumor antigens stimulating these T cells and
their possible exploitation as immunotherapeutic targets
in HCC.
Materials and Methods
Patient Samples

Blood and liver needle biopsy specimens from HCC
patients (n ¼ 36) (Table 1) were obtained in the
outpatient clinic of the Division of Gastroenterology
and Hepatology at the University Hospital Basel
(Basel, Switzerland). The use of biopsy material for this
project was approved by the ethics committee of the
northwestern part of Switzerland (protocol EKNZ 2014-
099).



Figure 11. Nivolumab therapy affects CD8D T-cell phenotype. (A) tSNE map of CD8þ T cells from TILs (yellow dots), NTILs
(purple dots), and PBMCs (green dots) of pretreated and on-therapy HCC patients. (B) tSNE maps showing the expression
level and the distribution of each indicated marker. Color scale indicates the relative expression levels.
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Histology
Liver biopsy specimens were fixed in 10% buffered

formalin and embedded in paraffin. Sections were stained
with H&E. Histopathologic evaluation was assessed by a
board-certified pathologist (L.T.). Tumors were classified
histologically according to the Edmondson–Steiner grading
system and according to their immune-phenotype.55 In our
HCC cohort, 3 patterns were described as follows: (1)
immune-desert tumors, in which less than 10% of tumor
stroma was populated by lymphocytes, and no dense im-
mune cell infiltrates or contacts of the immune cells with
tumor cells were detected; (2) immune-excluded tumors,
in which �10% of tumor stroma was populated by lym-
phocytes located in the immediate vicinity of tumor cells;
and (3) immune-inflamed, if lymphocytes were present in
the tumor parenchyma in close proximity to tumor cells.
This classification was not immediately applicable in every
case because some tumors showed certain degrees of
overlap between the different patterns described. In such
cases, the tumors were classified according to the most
prevalent pattern. Necrotic areas were excluded from
evaluation. Macrophages and granulocytes were not
considered for this classification. Our HCC cohort included
prevalently biopsy specimens with an immune-inflamed
phenotype.
PBMCs and Liver Infiltrating Immune Cells
PBMCs were isolated from 15 mL of blood by stan-

dard density-gradient centrifugation protocols, washed
twice in phosphate-buffered saline (PBS), and cry-
opreserved in medium containing 90% fetal bovine
serum and 10% dimethyl sulfoxide until fluorescence-
activated cell sorter analysis. For isolation of
liver-infiltrating lymphocytes, cylinders of liver biopsy
specimens (diameter, w1 mm; length, 2 cm) were ob-
tained from tumor and nontumor liver of HCC patients.
The samples were washed in PBS to avoid blood
contamination and mechanically smashed above a cell
strainer (40-mm nylon). The recovered cells were
washed twice in PBS and cryopreserved.
Antibodies
The primary monoclonal antibodies and MHC class I-

related molecule (MR1) tetramers used are described in
Table 5.

Intracellular Cytokine Induction
Liver infiltrating lymphocytes and PBMCs were

thawed in PBS with 10 mg/mL DNase I (Sigma-Aldrich,
St. Louis, MO) to prevent cell clumping. The cells were
resuspended in RPMI 1640 medium (Gibco, Gaithersburg,
MD) supplemented with 10% heat-inactivated fetal
bovine serum (Bioconcept, 4123 Allschwil, CH), 100 U/
mL kanamycin, 2 mmol/L stable glutamine, 1 mmol/L
sodium pyruvate, and 1% minimal essential medium
(MEM) nonessential amino acids (all from Bioconcept),
and 10 mg/mL DNase I. The cells were rested for 1 hour
at 37�C before further processing. For intracellular
cytokine induction, the cells were washed and resus-
pended in complete medium containing PMA (25 ng/mL),
calcium ionophore ionomycin (1 mg/mL), and Brefeldin A
(10 mg/mL; all from Sigma-Aldrich) for 4 hours. The
LIVE/DEAD Fixable Aqua Dead Cell Stain Kit (Invitrogen,
Norcross, GA) was used to identify viable cells before
intracellular staining.

Flow Cytometry
Liver-infiltrating lymphocytes and PBMCs were washed

and resuspended in blocking buffer (PBS containing 50%
human serum) for 30 minutes at room temperature.

Cells were resuspended in staining buffer (PBS con-
taining 0.02% NaN3 and 0.5% human albumin) and stained
with MR1 tetramers (National Institutes of Health Tetramer
Core Facility, Emory University, Atlanta, GA) for 40 minutes
at room temperature, followed by other surface stains for 20
minutes at 4�C in the dark. For intracellular staining, cells



Figure 12. Nivolumab therapy reduces the frequency of exhausted CD4D T cells in TILs and increases the frequency of
activated CD4D andCD8D TILs producing IFN-g. (A) tSNEmap of CD4þ T cells infiltrating the tumor in samples before treatment
(purpledots) andon-treatmentwithnivolumab (yellowdots). (B) tSNEmapcoloredbyclusters inCD4þTILs. (C)Boxplotsshowing the
frequency CD4þ TIL clusters before and on nivolumab therapy. (D) Heatmap of the CD4þ TIL clusters changed after nivolumab
therapy. Theheatmap shows thenormalizedexpressionof thepanelmarkers. The color scale indicates the relative expression levels.
(E) tSNE map of CD8þ T cells infiltrating the tumor samples before treatment (purple dots) and on-treatment with nivolumab (yellow
dots). (F) tSNE map colored by clusters of CD8þ TILs. (G) Box plots showing the frequency of CD8þ TIL clusters before and on
nivolumab therapy. (H) Heatmap of the CD8þ TIL clusters changed after nivolumab therapy. The heatmap shows the normalized
expression of the panel markers. The color scale indicates the relative expression levels. *P� .05 and **P� .001, Wilcoxon signed-
rank test, adjusted with the Benjamini and Hochberg method. ns, not significant.
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subsequently were washed in staining buffer twice before
fixation and permeabilization using Biolegend (San Diego,
CA) buffers for intracellular staining. In short, cells were
suspended in the fixation buffer in the dark for 30 minutes,
washed with permeabilization wash buffer, and stained for
intracellular markers for 20 minutes at 4�C in the dark.
Samples were analyzed on LSR Fortessa flow (BD Biosci-
ence, San Jose, CA).
Flow Cytometry Data Analysis
Flow cytometry data were analyzed using FlowJo v10.1

software (TreeStar, 2060 Antwerpen, Belgium), before
exporting to R, and transformed using an inverse hyper-
bolic sine function. Dimensionality reduction was per-
formed on transformed data with the Barnes–Hutt
implementation of tSNE,56 using a custom R script
(available on request). For each set of analyses, individual
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Table 5.Reagents

Marker Dye Host species Reactivity Clone Company Catalog no

CD3 PE/Cy7 Mouse Human UCHT1 Biolegend 300420

CD3 Alexa Fluor 700 Mouse Human UCHT1 Biolegend 300424

TCR gd Brilliant Violet 421 Mouse Human B1 Biolegend 331218

CD4 Brilliant Violet 711 Mouse Human OKT4 Biolegend 317440

HLA-DR Alexa Fluor 700 Mouse Human L243 Biolegend 307626

CD38 Brilliant Violet 650 Mouse Human HB-7 Biolegend 356620

CD137 PE/Dazzle 594 Mouse Human 4B4-1 Biolegend 309826

CD278 (ICOS) Brilliant Violet 510 Mouse Human C398.4A Biolegend 313525

CD150 (SLAM) FITC Mouse Human A12 (7D4) Biolegend 306306

CD69 APC/Cy7 Mouse Human FN50 Biolegend 310914

CD103 APC Mouse Human Ber-ACT8 Biolegend 350216

PD1 Brilliant Violet 785 Mouse Human EH12.2H7 Biolegend 329930

KLRG1 Brilliant Violet 605 Mouse Human 2F1/KLRG1 Biolegend 138419

TIGIT (VSTM3) Brilliant Violet 605 Mouse Human A15153G Biolegend 372706

IL22 PE Mouse Human 2G12A41 Biolegend 366704

TNF-a PE/Cy7 Mouse Human MAb11 Biolegend 502930

IFN-g APC/Cy7 Mouse Human 4S.B3 Biolegend 502530

T-bet PE Mouse Human 4B10 Biolegend 137236

Granzyme B FITC Mouse Human/mouse GB11 Biolegend 515403

Perforin Brilliant Violet 421 Mouse Human B-D48 Biolegend 353307

Helios PE/Cy7 Mouse Human 22F6 Biolegend 137236

Foxp3 Alexa Fluor 647 Mouse Human 150D Biolegend 320014

IL13 PE/Cy7 Mouse Human JES10-5A2 Biolegend 501914

GATA-3 Brilliant Violet 711 Mouse Human 16E10A23 Biolegend 653814

Ki-67 Alexa 488 Mouse Human Ki-67 Biolegend 350508

CD19 PE/Cy5 Mouse Human J3-119 Beckman Coulter
(1260 Nyon, France)

A07771

CD14 PE/Cy5 Mouse Human RMO52 Beckman Coulter A07765

CD4 PE Mouse Human RPA-T4 BD Bioscience (60322
Frankfurt am Main, Germany)

561843

CD4 APC Mouse Human RPA-T4 BD Bioscience 555349

CD8 BUV 496 Mouse Human RPA-T8 BD Bioscience 564804

TIGIT (VSTM3) PerCP-eFluor 710 Mouse Human MBSA43 eBioscience 46-9500-42

ROR-gt APC Mouse Human/mouse AFKJS-9 eBioscience 17-6988-80

hMR1-5OP-RU
tetramer

PE Human National Institutes
of Health, Bethesda, MD

31704 R

hMR1-6-FP tetramer PE Human National Institutes of Health 31924 F

FITC, fluorescein isothiocyanate; PE, phycoerythrin.
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cell subsets (CD4þ, CD8þ, and DN T cells) from each pa-
tient were randomly down-sampled to an equal
number of events (5000 events). Flow cytometry data
were transformed using an inverse hyperbolic sine
function.
Figure 13. (See previous page). Effect of nivolumab therapy
from patients before nivolumab treatment. (A and E) Respond
CD8þ TILs from patients on nivolumab therapy. (B and F) Res
maps indicating individual clusters of CD8þ TILs in (C and G
Heatmaps of the normalized expression of each marker for in
enriched in pretreatment samples and the yellow asterisks in
scales indicate the relative expression levels of the indicated
For identification of T-cell clusters, multiple runs of
the DBSCAN were performed. For each cluster identified
by DBSCAN, we quantified the differences between the
frequency in HCC and nontumor liver samples and HCC
and PBMC using the Wilcoxon signed-rank statistic test.
on HCC patients. (A, E, and I) tSNE maps of CD8þ TILs
er and (I) nonresponder patients. (B, F, and J) tSNE maps of
ponder and (J) nonresponder patients. (C, G, and M) tSNE
) responder and (K) nonresponder patients. (D, H, and L)
dicated clusters. The purple asterisks indicate TIL clusters
dicate TIL clusters enriched in on-therapy samples. Color
marker.
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Statistical Analysis
The results are expressed as means ± SD. In all analyses,

the Wilcoxon signed-rank test, adjusted with the Benjamini
and Hochberg method and a 2-tailed paired test multi-
comparison (Tukey test) were used. A P value of .05 or less
(95% CI) was considered statistically significant.

All authors had access to the study data and reviewed
and approved the final manuscript.
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