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The host immune system plays a significant role in tumor control, although most
cancers escape immune surveillance through a variety of mechanisms. The aim of
the present study was to evaluate the clinicopathological significance of a novel
co-inhibitory receptor, B and T lymphocyte attenuator (BTLA), the anergy cell
marker Casitas-B-lineage lymphoma protein-b (Cbl-b), and clinical implications of
tumor-infiltrating immune cells in gallbladder cancer (GBC) tissues. We investi-
gated 211 cases of GBC, 21 cases of chronic cholecystitis (CC), and 11 cases of
xanthogranulomatous cholecystitis (XGC) using immunohistochemistry to detect
tissue-infiltrating immune cells and their expression of BTLA and Cbl-b, and car-
ried out correlation and survival analyses. The density of infiltrating T cells was
significantly higher in CC and XGC than in GBC. The density ratio of BTLA™ cells
to CD8* T cells (BTLA/CD8) and that of Cbl-b* cells to CD8*T cells (Cbl-b/CD8)
were significantly higher in GBC than in CC and XGC. The FOXP3/CD4, BTLA/CDS,
and Cbl-b/CD8 ratios were significantly correlated with each other, and also with
malignant phenotypes. Survival analyses revealed that a lower density of tumor-
infiltrating CD8* cells, and higher Foxp3/CD4, BTLA/CD8, and Cbl-b/CD8 ratios
were significantly associated with shorter overall survival and disease-free sur-
vival in GBC patients. Multivariate analyses showed that M factor, perineural
invasion, BTLA/CD8, and Cbl-b/CD8 were closely associated with shorter overall
survival. These findings suggest that higher ratios of BTLA/CD8 and Cbl-b/CD8
are independent indicators of unfavorable outcome in GBC patients, and that
upregulation of BTLA in cancer tissues is involved in inhibition of antitumor
immunity.

G allbladder cancer (GBC) is the most common malignant
biliary neoPlasm and the seventh most common gastroin-
testinal cancer."” Complete surgical resection is the standard
treatment for patients with localized disease, and the only
potentially definitive curative therapy.(2’3) However, because
most cases of GBC are diagnosed at an advanced stage, when
the disease is not amenable to surgical resection, this malig-
nancy is highly lethal, with a 5-year survival rate of <5% for
such patients. > Therefore, a more thorough understanding of
GBC is essential for the development of new therapeutic
strategies.

Based on a growing body of evidence from both animal and
human models, it is generally accepted that naturally occurring
immunity can play a significant role in the control of tumor
development and progression.”” Most clinically evident can-
cers exhibit immune escape, where the cancer microenviron-
ment can induce immune tolerance through a variety of
mechanisms, such as the production of soluble immunosup-
pressive factors and the recruitment of suppressor immune
cells.”® Elucidation of the molecular and cellular events
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responsible for tumor immune escape is essential in order to
make anticancer therapy truly effective in a clinical setting.”
Tumor-infiltrating immune cells are one of the representative
cellular components of host antitumor immune responses and
tumor immune escape. Tumor-infiltrating immune cells are
composed of different cell subsets, which determine the overall
protumor or antitumor characteristics. For example, a high pro-
portion of CD8" T cells infiltrating the cancer tissue can be a
favorable prognostic indicator in colorectal,"*'V ovarian,"'?
esophageal," liver,"¥ and pancreatic'">'® cancers. In con-
trast, patients whose cancers show marked infiltration of regu-
latory T cells tend to have a poorer prognosis in several types
of cancer.""'* Two groups have studied the tumor-infiltrating
immune cells in GBC using small numbers of cases (45
cases® and 69 casesm)), and showed that tumor-infiltrating
CD8" T cells and CD4" T cells were indicators of favorable
prognosis, whereas tumor-infiltrating FOXP3™" cells or CD20*
B cells had no significant impact on outcome.

In addition to immunosuppressive cells, tumor cells deploy
distinct mechanisms to evade immune attack, including
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expression of ligands for co-inhibitory receptors on T
cells.®® Recently, the distinct role of co-inhibitory receptors,
such as CTL-associated protein 4 (CTLA-4) and pro-
grammed cell death 1 (PD-1), in this process has been
extensively investigated.?” The function of antigen-specific
CD8" T cells, which may protect against both infectious and
malignant diseases, can be impaired by ligation of these
inhibitory receptors. Expression of these receptors has been
linked to functional impairment of T cells in cancer, and
therapeutic blockade of these two pathways has shown clini-
cal promise. Antagonist antibodies have been developed in
order to overcome immune evasion, and anti-CTLA-4 and
anti-PD1 antibodies have been tested in clinical trials with
encouraging results.?* 2" Anti-CTLA4 antibody was the first
agent shown to confer a survival benefit on patients with
advanced melanoma, and was approved by the US FDA in
2010.

B and T lymphocyte attenuator (BTLA) has been identified
as a novel co-inhibitory receptor, expressed by a majority
of lymphocytes, and shows structural and functional similari-

(a)

Fig. 1.
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ties to CTLA-4 and PD-1.*® Because tumor-infiltrating
immune cells express multiple co-inhibitory receptors, it is
assumed that dual or triple blockade of co-inhibitory receptors
will enhance antitumor immunity. Indeed, combined blockade
of the PD-1/programmed death-ligand 1 (PD-L1) and CTLA-4
pathways, and that of the PD-1/PD-L1 and lymphocyte activa-
tion gene 3 (LAG3) pathways, has been shown to enhance
antitumor effects in a human clinical study and animal model
studies.?*" Thus, BTLA is expected to be a new target for
interventions aimed at reversal of immune evasion and boost-
ing of antitumor immunity in cancer patients. Expression of
BTLA has been reported in B-cell small lymphocytic lym-
phoma/chronic lymphocytic leukemia cells and gastric cancer
cells.3%3% However, there are currently no data on the
immunohistochemical expression of BTLA in the microenvi-
ronment of human tumors, and the clinical significance of
BTLA expression in tumor-infiltrating immune cells remains
to be identified. It have also been reported that BTLA plays a
critical role in the induction of peripheral T cell anergy
in vivo.®? T cell anergy is also widely accepted as an impor-

Double immunostaining features in gallbladder cancer samples. (a) Most B and T lymphocyte attenuator (BTLA)* cells (black) are CD4* T

cells (red). (b, ¢) BTLA (black) staining is sometimes present in CD8" T cells (red) (b) or CD1a* (red) dendritic cells infiltrated in the cancer stroma
(c). (d) Tumor-infiltrating CD8" T cells (red) are often Casitas-B-lineage lymphoma protein-b (Cbl-b)* (black). CD8* T cells that have infiltrated
and become attached to cancer cells (arrowhead) are Cbl-b* anergic cells. (e) FOXP3* regulatory T cells (red) often express Cbl-b (black). Arrow-
heads indicate regulatory T cells that have infiltrated and become attached to cancer cells. (a—e) Left column shows immunofluorescence staining
for CD4 (a), CD8 (b, d), CD1a (c), or FOXP3 (e). Center column shows immunohistochemical staining for BTLA (a—c) or Cbl-b (d, e). Right column

shows merged images of left and center photographs.
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Immunohistochemical features of tumor-infiltrating cells. These representative photos show: (a) CD3* T cells, (b) CD4* T cells, (c) CD8" T

cells, (d) FOXP3* T cells, (e) B and T lymphocyte attenuator (BTLA)" cells, and (f) Casitas-B-lineage lymphoma protein-b (Cbl-b*) cells. Scale

bar = 100 pm. High power views are shown in insets of (e) and (f).

tant mechanism of tumor immune escape,”> although no pre-
vious studies have shown anergy cells in tissues. Casitas—B-
lineage lymphoma protein-b (Cbl-b), an E3 ubiquitin ligase, is
critical for establishing the threshold for T cell activation and
for induction of T cell anergy.¢"

The aim of this study was to evaluate the clinicopathologi-
cal impact of BTLA as well as the clinical implications
of tumor-infiltrating immune cells in patients with GBC
to assess their potential as new targets for cancer
immunotherapy.

Materials and Methods

Study population. Clinical and pathologic data and the speci-
mens used for immunohistochemical analysis were obtained
through a detailed retrospective review of the medical records
of all 211 patients with GBC who had undergone surgical
resection between 1985 and 2012 at the National Cancer Cen-
ter Hospital (Tokyo, Japan). All of the patients included in this
study underwent macroscopic curative resection, and all had
primary carcinomas of the gallbladder. Neuroendocrine neo-
plasms were excluded. The median follow-up period was
28 months (range, 1-289 months) for the patients overall: 89
patients (42.2%) were alive, 84 (39.8%) had died because of
GBC, and 38 (18.0%) had died of other causes. During the
study period, adjuvant chemotherapy was not carried out. In
addition, we analyzed cases of chronic cholecystitis (CC)
(n=121) and xanthogranulomatous cholecystitis (XGC)
(n =11) as controls for evaluating the significance of tumor-
infiltrating immune cells.

This study was approved by the Institutional Review Board
of the National Cancer Center, Japan. Informed consent was
obtained from all participants involved in the study, and all
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clinical investigations were carried out in line with the princi-
ples of the Declaration of Helsinki.

Pathological examination. All of the carcinomas were exam-
ined pathologically and classified according to the World
Health Organization classification,®® Union for International
Cancer Control TNM classiﬁcation,(39) and the Japanese Soci-
ety of Biliary Surgery classification of biliary tract carci-
noma.®” Tumors were staged and the histopathologic
variables (histopathological grading, lymphatic, venous, and
perineural invasion) were evaluated and described in accor-
dance with their classifications.**?)

Immunohistochemistry. Immunohistochemistry was carried
out on formalin-fixed, paraffin-embedded tissue sections usin
the avidin-biotin complex method as described previously.!
We used 4-pum-thick serial sections of representative blocks
with antibodies against the following: CD3 (PS1; 1:100)
from Santa Cruz Biotechnology (Santa Cruz, CA, USA),
CD4 (368; 1:100) and CD8 (4B11; 1:200) from Leica
Microsystems (Newcastle-upon-Tyne, UK), FOXP3 (42;
1:100) produced in house,"® BTLA (HPA047211; 1:500)
from Atlas Antibodies (Stockholm, Sweden), and Cbl-b
(246C5A; 1:50) from Abcam (Cambridge, UK). Immunohis-
tochemistry without the primary antibody was used as a neg-
ative control.

Double immunostaining. We carried out double staining on
formalin-fixed paraffin-embedded sections. First, the 4-um-
thick sections were immunostained using anti-BTLA antibody
or anti-Cbl-b antibody as the primary antibody, and visualized
with 3,3’-diaminobenzidine. After the tissue sections had been
treated with glycine-HCI (pH 2.5), they were subjected to
immunofluorescence staining using antibodies against each of
the following antigens: CDla (O10, Lab Vision, Fremont, CA,
USA), CD3, CD4, CDS, CD14 (7, Leica Microsystems), CD20
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Fig. 3.

Comparison of cells infiltrating into chronic cholecystitis (CC, n = 21), xanthogranulomatous cholecystitis (XGC, n = 11), and gallbladder

cancer (GBC, n = 211). (a) Density of immunolabeled cells (cells/pm?). (b) Density ratio of FOXP3™* cells to CD4* T cells (FOXP3/CD4), that of B
and T lymphocyte attenuator (BTLA)* cells to CD8* T cells (BTLA/CD8), that of BLTA" cells to CD4™ T cells (BTLA/CD4), that of Casitas-B-lineage
lymphoma protein-b (Cbl-b)* cells to CD8* T cells (Cbl-b/CD8), and that of Cbl-b* cells to CD4* T cells (Cbl-b/CD4). The line in the middle of the
boxes shows the median value. The bottom and top of the box indicates the 25th and 75th percentiles, respectively. The T-bars that extend from
the boxes show inner fences and “x” indicates outliers. Significant values were *P < 0.05 and **P < 0.01.

(L26, DAKO), CD56 (1B6, Leica Microsystems), CD68 (KP1,
DAKO), CD207 (12D6, Leica Microsystems), CD208 (104.G4,
Immunotech, Fullerton, CA, USA), FOXP3, BTLA, and Cbl-b.
Immunostained tissue sections were analyzed with a confocal
microscope (LSMS5 Pascal; Carl Zeiss, Jena, Germany)
equipped with a 15-mW Kr/Ar laser.

Quantitative evaluation of tumor-infiltrating T cell subsets,
BTLA-positive cells, and Cbl-b-positive cells. After immunohisto-
chemistry, the microscopic images were imported as digital
photo files using a NanoZoomer Digital Pathology system (Ha-
mamatsu Photonics, Hamamatsu, Japan), and the density of the
immunolabeled cells was analyzed using the image analysis
software, Tissue Studio (Definiens, Munich, Germany). We
manually selected one area as region of interest (ROI), in
which the CD3-labeled T cells had infiltrated into the tumor
most densely in the specimen, when we checked it in low-
power view. In each individual case, the same ROI was
applied to all the other immunostained images. The immunola-
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beled cells inside the ROI were automatically counted on the
basis of staining intensity. In each analysis we confirmed that
the immunohistochemically positive lymphocytes were appro-
priately detected. The density of positive cells was calculated
by dividing their number by the ROI area (cells/ umz). Also,
we calculated the density ratio of FOXP3 to CD4 (FOXP3
/CD4), that of BTLA to CD3 or CD8 (BTLA/CD3, BTLA
/CDS8), and that of Cbl-b to CD3 or CD8 (Cbl-b/CD3, Cbl-b
/CD8). For survival and correlation analyses, patients were
divided into two groups showing high and low cell infiltration,
using the median value as a cut-off.

Statistical analysis. We expressed continuous data as median
and range and compared them using the Mann—Whitney U-
test. We compared categorical data by Pearson’s X* or Fish-
er’s exact test, as appropriate. We constructed survival
curves by the Kaplan—-Meier method and compared them
using the log—rank test. We calculated the length of overall
survival (OS) from the date of surgical resection to the date

© 2015 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
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Table 1. Interrelationships between clinicopathological variables and tumor-infiltrating cells

D3 D4 cD8 FOXP3 FOXP3/CD4

Variables

Low High P-value Low High P-value Low High P-value Low High P-value Low High P-value
Age, years 0.302 0.033 0.063 0.016 0.837
<68 (n = 105) 56 49 60 45 59 46 61 44 53 52
>68 (n = 106) 49 57 45 61 46 60 44 62 52 54
Gender 0.046 0.948 0.833 0.002 0.537
Female (n = 100) 57 43 50 50 49 51 61 39 52 48
Male (n = 111) 48 63 55 56 56 55 44 67 53 58
Tumor main location 0.308 0.009 0.422 0.681 0.025
Gf, Gb (n = 104, 46) 78 72 66 84 72 78 76 74 82 68
Gn, C (n = 40, 21) 27 34 39 22 33 28 29 32 23 38
T 0.538 0.295 0.060 0.951 m
1,2 (n = 28, 66) 49 45 43 51 40 54 47 47 55 39
3,4 (n=174,43) 56 61 62 55 65 52 58 59 50 67
N 0.836 0.448 0.448 0.063 0.033
0 (n=107) 54 53 56 51 56 51 60 47 61 46
1 (n = 104) 51 53 49 55 49 55 45 59 44 60
M 0.963 0.522 0.126 0.398 0.009
0 (n = 145) 72 73 70 75 67 78 75 70 81 64
1 (n = 66) 33 33 35 31 38 28 30 36 24 42
Histopathological grading 0.303 0.239 0.727 0.063 0.003
1 (n=99) 53 46 45 54 48 51 56 43 60 39
2,3,4(n=62455) 52 60 60 52 57 55 49 63 45 67
Lymphatic invasion 0.016 0.352 0.962 0.069 0.128
0 (n = 68) 42 26 37 31 34 34 40 28 39 29
1(n=143) 63 80 68 75 71 72 65 78 66 77
Venous invasion 0.010 0.537 0.436 0.083 0.022
0 (n = 88) 53 35 46 42 41 47 50 38 52 36
1(n=123) 52 71 59 64 64 59 55 68 53 70
Perineural invasion 0.148 0.442 0.295 0.372 0.002
0 (n=94) 52 42 44 50 43 51 50 44 58 36
1(n=117 53 64 61 56 62 55 55 62 47 70
CD3 <0.001 <0.001 <0.001 0.005
Low (n = 105) 77 28 74 31 71 34 42 63
High (n = 106) 28 78 31 75 34 72 63 43
CcDh4 <0.001 <0.001 <0.001
Low (n = 105) 81 24 70 35 29 76
High (n = 106) 24 82 35 71 76 30
CcD8 <0.001 <0.001
Low (n = 105) 71 34 37 68
High (n = 106) 34 72 68 38
FOXP3 0.001
Low (n = 105) 64 41
High (n = 106) 41 65
FOXP3/CD4
Low (n = 105)
High (n = 106)
BTLA
Low (n = 105)
High (n = 106)
BTLA/CD8
Low (n = 105)
High (n = 106)
BTLA/CD4
Low (n = 105)
High (n = 106)
Cbl-b
Low (n = 105)
High (n = 106)
Cbl-b/CD8
Low (n = 105)
High (n = 106)

Density ratios are shown of FOXP3 to CD4 (FOXP3/CD4), B and T lymphocyte attenuator (BTLA) to CD8 (BTLA/CD8), BTLA to CD4 (BTLA/CD4),
Casitas-B-lineage lymphoma protein-b (Cbl-b) to CD8 (Cbl-b/CD8), and Cbl-b to CD4 (Cbl-b/CD4). Bold values, P < 0.05; underlined values,
positively correlated. C, cystic duct; Gb, gallbladder body; Gf, gallbladder fundus; Gn, gallbladder neck.
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BTLA BTLA/CD8 BTLA/CD4 Cbl-b Cbl-b/CD8 Cbl-b/CD4

Low High P-value Low High P-value Low High P-value Low High P-value Low High P-value Low High P-value

0.046 0.242 0.046 0.630 0.302 0.535

45 60 48 57 45 60 54 51 49 56 50 55

60 46 57 49 60 46 51 55 57 49 55 51
0.948 0.627 0.733 0.046 0.627 0.085

50 50 48 52 51 49 57 43 52 48 56 44

55 56 57 54 54 57 48 63 54 57 49 62
0.158 0.617 0.845 0.422 0.158 0.025

70 80 73 77 74 76 72 78 80 70 82 68

35 26 32 29 31 30 33 28 26 35 23 38
0.023 <0.001 0.005 0.372 0.003 0.011

55 39 62 32 57 37 50 44 58 36 56 38

50 67 43 74 48 69 55 62 48 69 49 68
0.007 0.113 0.301 0.113 0.946 0.190

63 44 59 48 57 50 59 48 54 53 58 49

42 62 46 58 48 56 46 58 52 52 47 57
0.083 0.003 0.020 0.802 0.034 0.009

78 67 82 63 80 65 73 72 80 65 81 64

27 39 23 43 25 41 32 34 26 40 24 42
0.063 0.033 0.033 0.632 0.146 0.191

56 43 57 42 57 42 51 48 55 44 54 45

49 63 48 64 48 64 54 58 51 61 51 61
0.035 0.069 0.128 0.128 0.403 0.128

41 27 40 28 39 29 39 29 37 31 39 29

64 79 65 78 66 77 66 77 69 74 66 77
0.083 0.022 0.146 0.146 0.058 0.022

50 38 52 36 49 39 49 39 51 37 52 36

55 68 53 70 56 67 56 67 55 68 53 70
0.735 0.045 0.372 0.951 0.110 0.023

48 46 54 40 50 44 47 47 53 41 55 39

57 60 51 66 55 62 58 59 53 64 50 67
0.063 0.046 0.002 0.063 0.302 0.046

59 46 45 60 41 64 59 46 49 56 45 60

46 60 60 45 64 42 46 60 57 49 60 46
0.007 0.011 <0.001 <0.001 0.003 <0.001

62 43 43 62 35 70 67 38 42 63 37 68

43 63 62 44 70 36 38 68 64 42 68 38
0.630 <0.001 <0.001 0.016 <0.001 0.001

54 51 29 76 37 68 61 44 32 73 40 65

51 55 76 30 68 38 44 62 74 32 65 41
<0.001 0.945 0.837 0.001 0.449 0.837

68 37 52 53 53 52 64 41 50 55 53 52

37 69 53 53 52 54 41 65 56 50 52 54
0.063 <0.001 <0.001 0.837 <0.001 <0.001

59 46 69 36 75 30 53 52 68 37 74 31

46 60 36 70 30 76 52 54 39 67 31 75
<0.001 <0.001 <0.001 <0.001 0.016

80 25 78 27 69 36 67 38 61 44

25 81 27 79 36 70 39 67 44 62
<0.001 0.007 <0.001 <0.001

88 17 62 43 80 25 70 35

17 89 43 63 26 80 35 71
0.033 <0.001 <0.001

60 45 73 32 73 32

45 61 33 73 32 74
<0.001 <0.001

76 29 75 30

30 76 30 76
<0.001

90 16

15 920
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of death from any cause, calculated the length of disease-free
survival (DFS) from the date of surgical resection to the date
of the first radiologic findings for recurrence, and censored
those on the date of the last follow-up. To evaluate the prog-
nostic significance of tumor-infiltrating lymphocytes and cells
expressing inhibitory molecules in patients with GBC, uni-
variate and multivariate Cox analyses were applied. The fac-
tors found to be significant by univariate analysis were
subjected to multivariate analysis. P < 0.05 was considered
to denote statistical significance for all analyses. Statistical
analyses were carried out using spss version 20.0 (SPSS,
Chicago, IL, USA).

Results

Immunophenotype of BTLA* cells and Cbl-b* cells. To examine
the immunophenotype of BTLA™ cells and Cbl-b* cells, dou-
ble immunostaining was carried out (Fig. 1). BTLA was pre-
sent in a proportion of CD3* T cells, CD4" T cells, CD8" T
cells, CD20* B cells, CD14" monocytes, CD68" macro-
phages, CDla* dendritic cells (DCs), CD207* DCs, or
CD208" DCs, although the majority of BTLA" cells were
CD4". In contrast, no expression of BTLA was found in
FOXP3" cells, CD56" natural killer (NK) cells, or Cbl-b*
cells. Cbl-b was expressed in a small proportion of CD3" T
cells, CD4" T cells, CD8" T cells, Foxp3™ cells, and CD20"
B cells, and was not expressed in CD56% NK cells, CD14"
monocytes, CD68" macrophages, or DCs. There were no
BTLA*Cbl-b* cells in the cancer tissues, although T cells
that had infiltrated into cancer cell nests and become attached
to cancer cells were often positive for Cbl-b, and sometimes
for BTLA. No tumor cells expressed BTLA or Cbl-b in our
series.

Infiltration of T cell subsets, BTLA* cells, and Cbl-b* cells. The
median area of the ROI was 10 129 950 pm* among the 212
cases of GBC, 1 336 266 um2 among the 21 cases of CC, and
4 922 487 pm? among the 11 cases of XGC. Representative
photos of each type of positive cell are shown in Figure 2.
Although there were too few samples of normal gallbladder
tissue to compare with cancer tissue statistically, we found
several CD3™ cells, CD4" cells, and CD8" cells in lamina pro-
pria. And a few FOXP3™" cells or Cbl-b* cells but no BTLA™
cells were found. Figure 3(a) shows a comparison of T cell
subsets, BTLA-positive cells, and Cbl-b-positive cells infiltrat-
ing into CC (n = 21), XGC (n = 11), and GBC (n = 211). The
density of CD3" cells, CD4" cells, and CD8" cells in CC and
XGC was significantly higher than that in GBC, respectively
(P < 0.01). In contrast, the density of FOXP3* cells, BTLA"
cells, and Cbl-b* cells did not differ significantly among the
diseases, except for the density of BTLA" cells between CC
and GBC. The number of suppressor cells such as regulatory T
cells (Tregs) is often affected by the entire T cell infiltra-
tion.'®'® Tt is often better to estimate the immune microenvi-
ronment from the ratio of the number of tumor-infiltrating
suppressor cells to that of the immune responsive cell popula-
tion, rather than the absolute number of tumor-infiltrating
suppressor cells."®!84 We used the ratio of FOXP3 density
to CD4 density (FOXP3/CD4), the ratio of BTLA density to
CD8 density (BTLA/CD8), and the ratio of Cbl-b density to
CD8 density (Cbl-b/CD8); comparisons of these ratios
between the diseases are depicted in Figure 3(b). FOXP3
/CD4, BTLA/CD8, and Cbl-b/CD8 in GBC were significantly
higher than those in CC and XGC, respectively (P < 0.01).
Comparisons of the BTLA/CD3 and Cbl-b/CD3 ratios among

© 2015 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
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GBC, CC, and XGC showed similar profiles to those of
BTLA/CD8 and Cbl-b/CDS, respectively (Fig. S1).

Interrelationships between clinicopathological variables and
tumor-infiltrating cells. We analyzed the interrelationships
between clinicopathological variables of GBC and tumor-infil-
trating T cell subsets, BTLA" cells, and Cbl-b" cells (Table 1).
FOXP3/CD4, BTLA/CDS8, and Cbl-b/CD8 showed significant
and positive correlations with each other. FOXP3/CD4 was
significantly correlated with most of the conventional clinico-
pathological variables: tumor main location, T factor, N factor,
M factor, histopathological grading, venous invasion, and per-
ineural invasion. Likewise, BTLA/CD8 was significantly cor-
related with T factor, M factor, histopathological grading,
venous invasion, and perineural invasion, and Cbl-b/CD8 was
significantly correlated with T factor and M factor. The inter-
relationships of BTLA/CD3 and Cbl-b/CD3 with various fac-
tors were similar to those of BTLA/CDS8 and Cbl-b/CDS,
respectively (data not shown).

Prognostic significance of tumor-infiltrating T cell subsets,
BTLA* cells, and Cbl-b* cells. Kaplan—-Meier survival analyses
revealed that a lower density of tumor-infiltrating CD8" T
cells, and higher FOXP3/CD4, BTLA/CDS, and Cbl-b/CDS§
ratios were significantly associated with both shorter OS and
DFES in GBC patients (Fig. 4). Higher BTLA/CD3 and Cbl-b
/CD3 ratios were closely associated with both shorter OS and
DFS (Fig. S2). Five-year survival rate, median survival time,
and Cox analyses in the groups categorized by each of the
parameters of tumor-infiltrating cells and the conventional clin-
icopathological variables are summarized in Tables 2 and S1.
When the variables that had been found to be significant by
univariate analysis were subjected to multivariate analysis, M
factor, perineural invasion, BTLA/CDS, and Cbl-b/CD8 were
closely associated with shorter OS. In addition, T factor, M
factor, perineural invasion, and Cbl-b/CD8 were significantly
associated with shorter DFS.

Discussion

Here we evaluated for the first time the clinical impact of
BTLA in cancer tissues. First, we assessed whether tumor-infil-
trating immune cells reflected the character of the tumor
immune microenvironment, as it has been reported in various
other cancers. The present study, including 211 cases of GBC,
revealed that greater infiltration of CD8" T cells and CD4* T
cells in the cancer tissue was a favorable prognostic indicator,
as has been reported for many other cancers and for
GBC.?%2V 1t also showed that a higher prevalence of Tregs
(FOXP3/CD4) was significantly correlated with malignant
phenotypes and an unfavorable outcome, suggesting that Tregs
play a role in controlling the immune response to GBC. Fur-
thermore, a higher ratio of Cbl-b" anergic lymphocytes to
CD8" T cells (or to total T cells) was significantly correlated
with advanced T factor, distant metastasis, and poorer progno-
sis. Therefore, the importance of antitumor immunity, repre-
sented by tumor-infiltrating immune cells, in the outcome and
control of cancer was confirmed for GBC.

Tumor cells are able to evade immune recognition and
destruction through a variety of mechanisms. One such mecha-
nism is the immunosuppressive action of co-inhibitory mole-
cules.”” BTLA is a co-inhibitory molecule whose expression
has been reported in mice and human blood cells. However,
no previous study has investigated the expression of BTLA in
the microenvironment of human tumors. Here, we found that
BTLA was expressed on a proportion of several different types
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Fig. 4. Kaplan-Meier survival curves comparing (a) overall survival and (b) disease-free survival in gallbladder cancer patients between the high

(red) and low (blue) value groups with regard to the density of tumor-infiltrating CD3* T cells, CD4* T cells, CD8* T cells and the density ratio of
the FOXP3* T cells to CD4" T cells (Foxp3/CD4), that of B and T lymphocyte attenuator (BTLA)* cells to CD8* T cells (BTLA/CDS8), that of BTLA*
cells to CD4" T cells (BTLA/CD4), that of Casitas-B-lineage lymphoma protein-b (Cbl-b)* cells to CD8* T cells (Cbl-b/CD8), and that of Cbl-b* cells

to CD4* T cells (Cbl-b/CD4). P-values were obtained by log-rank test.

of tumor-infiltrating immune cells, including CD3* T cells,
CD4" T cells, CD8" T cells, CD20* B cells, CD14* mono-
cytes, CD68" macrophages, CDla* DCs, CD207" DCs, and
CD208" DCs. Our clinicopathological investigation revealed

Cancer Sci | December 2015 | vol. 106 | no. 12 | 1757

that BTLA/CDS8 was increased in malignant disease (GBC)
relative to benign disease (CC and XGC) and that the BTLA
/CD8 ratio in tumor-infiltrating immune cells was enhanced in
patients with more advanced cancer. Furthermore, a higher

© 2015 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.
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BTLA/CDS8 ratio was significantly associated with shorter
DFS and OS. These findings suggest that BTLA is involved in
the formation of a protumor microenvironment, supporting the
contention that BTLA is an important co-inhibitory molecule
in the orchestration of immunosuppressive networks in cancer,
and therefore a potential new target for interventions aimed at
reversal of immune evasion and boosting of antitumor immu-
nity in cancer patients.

It has been shown that BLTA binds to the herpes virus entry
mediator (HVEM),“® inhibits T-cell proliferation and cytokine
production in vitro, and mediates the negative regulation of
CD8" T-cell homeostasis and memory cell generation
in vivo.“** In the context of cancer immunology, BTLA-HVEM
is known to be another inhibitory pathway used by cancer cells
to impair the antitumor immune response.*>*”’ HVEM is con-
stitutively expressed on naive T cells and downregulated follow-
ing T cell activation, only to be re-expressed later on effector
and memory T cells.“® It is also broadly expressed on cells of
the immune system such as Tregs, B cells, monocytes, neu-
trophils, NK cells, and DCs, in addition to epithelial cells.*>®
Although it would have been informative to examine the distri-
bution of HVEM immunohistochemically, we were unable to do
so, because of the lack of reliable antibody specific for HVEM.
In contrast to the CTLA-4 and PD-1 pathways, HVEM binds to
several receptor molecules, generating immune-positive and -
negative signals according to the receptors involved. Therefore,
the total expression of BTLA in the tumor microenvironment
might be a simpler and more accurate indicator of the protumor
microenvironment, rather than expression of HVEM. It remains
to be investigated whether a specific cell type with high BTLA
expression exerts a predominantly inhibitory action or whether
various types of immune cells function in a coordinated manner.

Maintenance of tolerance and induction of T cell anergy is
critical for prevention of autoimmunity. However, in cases of
malignancy, tumor-induced T cell anergy and/or tolerance
induces cancer-associated immune paralysis, which contributes,
at least in part, to uncontrolled tumor growth and metastasis.
No previous studies have, in fact, demonstrated anergy cells in
tissues. In the present study, we observed that T cells that had
infiltrated and become attached to cancer cells were often posi-
tive for Cbl-b, and sometimes positive for BTLA. Although no
BTLA*Cbl-b* cells were found, T cells that had infiltrated
within cancer nests were suggested to have become anergic
under the influence of BTLA signals. Our clinicopathological
analyses revealed that Cbl-b/CD8 was increased in GBC rela-
tive to CC and XGC, and that Cbl-b/CDS in tumor-infiltrating
immune cells was higher in patients with more advanced can-
cer, as was the case for BTLA expression. Moreover, Cbl-b
/CD8 was significantly and positively correlated with BTLA
/CD8 and FOXP3/CD4, and a higher Cbl-b/CDS8 ratio was an
independent indicator of poor prognosis in terms of DFS and
OS for patients with GBC. Accordingly, it is suggested that T
cell anergy in the tumor microenvironment, reflected by the
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