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Summary Lymphocyte-rich hepatocellular carcinoma (LR-HCC), a newly proposed subtype of HCC, is
characterized with abundant lymphocyte infiltration in the tumor. LR-HCC has a relatively good prog-
nosis and is quite rare (<1% of all HCC). We examined LR-HCC clinicopathological and molecular
characteristics by analyzing 451 surgically resected HCC cases without any prior treatment history at
our hospital between 2012 and 2021. Clinicopathological features of LR-HCC and other HCCs (non-
LR-HCC) were compared. Neoplastic and nonneoplastic hepatocytes from LR-HCC (n = 4) were
collected with a laser microdissection system; RNA was extracted, followed by microarray analysis to
examine lymphocytic infiltration-related molecular targets. Immunohistochemical staining of identified
molecular target was performed in LR-HCC and non-LR-HCC. CD3, CD20, and CD8 immunostaining
was also performed in LR-HCCs. There were 28 cases of LR-HCC (6%). No statistically significant dif-
ferences were found in clinicopathological features, except for gross type, between LR-HCC and non-
LR-HCC cases. The LR-HCC 5-year survival rate was >90%. Microarray analysis revealed high
CCL20 expression in LR-HCC cases; immunohistochemical study showed significantly higher CCL20
expression in LR-HCC (P < 0.01) than in non-LR-HCC. CCR®6, the only CCL20 receptor, was observed

* Disclosures: None.

** Funding: This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.
* Corresponding author. Department of Pathology, Kurume University School of Medicine, Asahi-machi 67, Kurume, 830-0011, Japan.
E-mail addresses: tstustui_kana@kurume-u.ac.jp (K. Tsutsui), nakayama_masamichi @kurume-u.ac.jp (M. Nakayama), sachiko @kurume-u.ac.jp
(S. Ogasawara), akiba@kurume-u.ac.jp (J. Akiba), kondou_reiichirou@kurume-u.ac.jp (R. Kondo), mihara_yuutarou@kurume-u.ac.jp (Y. Mihara),
yano_yuuta@kurume-u.ac.jp (Y. Yano), mizuochi_shinji @med.kurume-u.ac.jp (S. Mizuochi), kinjou_yoshinao@kurume-u.ac.jp (Y. Kinjo),
kmurotani@kurume-u.ac.jp (K. Murotani), hiroyano@kurume-u.ac.jp (H. Yano).

https://doi.org/10.1016/j.humpath.2023.09.004
0046-8177/© 2023 Elsevier Inc. All rights reserved.


mailto:tstustui_kana@kurume-u.ac.jp
mailto:nakayama_masamichi@kurume-u.ac.jp
mailto:sachiko@kurume-u.ac.jp
mailto:akiba@kurume-u.ac.jp
mailto:kondou_reiichirou@kurume-u.ac.jp
mailto:mihara_yuutarou@kurume-u.ac.jp
mailto:yano_yuuta@kurume-u.ac.jp
mailto:mizuochi_shinji@med.kurume-u.ac.jp
mailto:kinjou_yoshinao@kurume-u.ac.jp
mailto:kmurotani@kurume-u.ac.jp
mailto:hiroyano@kurume-u.ac.jp
http://crossmark.crossref.org/dialog/?doi=10.1016/j.humpath.2023.09.004&domain=pdf
https://doi.org/10.1016/j.humpath.2023.09.004
https://doi.org/10.1016/j.humpath.2023.09.004
https://doi.org/10.1016/j.humpath.2023.09.004
http://www.elsevier.com/locate/humpath

44

K. Tsutsui et al.

in infiltrating lymphocytes and HCC cells in LR-HCC. There were significantly more CD3-positive cells
than CD20-positive cells (P < 0.0001) in tumor-infiltrating lymphocytes, most of which were CDS-
positive T cells. In conclusion, there were no significant differences in clinicopathological characteristics
between LR-HCC and non-LR-HCC, except for gross and LR microscopic features. CCL20 expression
in LR-HCC may contribute to infiltration of large numbers of CD8-positive lymphocytes.

© 2023 Elsevier Inc. All rights reserved.

1. Introduction

Hepatocellular carcinoma (HCC) is one of the most
common cancers worldwide. The prognosis of patients with
HCC has been improving over the past decades owing to
the screening and early detection of high-risk cases, and the
introduction of molecular targeted therapy and immune
checkpoint inhibitors. However, it remains the third leading
cause of cancer-related death and continues to be associ-
ated with poor prognosis [1—3].

HCC with high lymphocytic infiltration was previously
classified as lymphoepithelioma-like HCC (LEL-HCC).
However, in the 2019 WHO Classification of Digestive
System Tumors, Sth Edition, a new designation, “lympho-
cyte-rich HCC” (LR-HCC), was proposed. LR-HCC is
almost never associated with Epstein—Barr virus (EBV),
which has been linked to LEL-carcinomas (LELC) in other
organs. Its frequency is less than 1% of all HCC cases [1].
A PubMed literature search using the keywords “lym-
phoepithelioma-like HCC’” and “HCC lymphocyte rich”
yielded 66 cases with detailed reports as of 2020 (41 male
and 25 female patients; average age, 60.3 years [39—89
years]). Of these 66 cases, 30 were positive (48%) for HBV
and 22 were positive (32%) for HCV. Furthermore,
compared to conventional HCC, LR-HCC has relatively
good prognosis [1,4—17]. Evaluating the clinicopatholog-
ical characteristics of LR-HCC may help predict the
prognosis and elucidate new treatment methods.

Multiple molecular and genomic analyses have been re-
ported for lymphoepithelioma and LELC. EBV infection and
carcinogenesis have been analyzed [18], and the genomic
analysis of a coherent case of pulmonary LELC has been
reported [19]. Ohtani H et al. reported that the CXCL9-
CXCR3 axis is involved in the formation of the lymphoid
stroma in lymphocyte-rich gastric carcinoma [20]. However,
LR-HCC is not associated with EBV infection, and the
mechanisms of its development and the molecular targets
that contribute to tumor maintenance and promotion are
likely to be different. Recently, the genomic structure of HCC
has been comprehensively elucidated, and the mechanism of
carcinogenesis is being elucidated [21]; nonetheless, the
detailed characteristics of LR-HCC are still unclear, because
of its rarity and because it is a relatively new subtype.

In this study, we retrospectively evaluated the frequency
and clinicopathologic significance of LR-HCC among the

resected HCCs at our institution and identified LR-HCC-
specific genes by comprehensive microarray analysis, fol-
lowed by immunohistochemistry to examine the protein
expression of key molecular candidates.

2. Materials and methods
2.1. Patients

We evaluated 915 cases of HCC pathologically diag-
nosed after surgical hepatectomy for primary liver tumors
at Kurume University Hospital during the 10-year period
from 2012 to 2021. Cases with recurrence, cases treated
preoperatively with local therapy (radiofrequency ablation,
transcatheter arterial embolization, etc.) or systemic ther-
apy (chemotherapy, molecular targeted drugs, etc.), and
cases in which portal vein embolization was performed
preoperatively were excluded and consequently, 451 cases
were included in the study. This study was approved by the
ethical committee of Kurume University (approval no.
22161) and conformed to the 1964 Declaration of Helsinki
and its later amendments or comparable ethical standards.
An opt-out policy was used in this study.

2.2. Clinicopathological information and follow-up
parameters

Clinical data were obtained retrospectively from elec-
tronic medical records. This information included patient
demographics (sex, age, medical history), clinical staging,
and pathology reports. Prognostic metrics, such as overall
survival (OS) and recurrence-free survival (RFS), were
determined based on outpatient visit history, telephone
surveys, clinical examinations, and imaging findings, such
as CT scans. This information was used to ascertain the
date of death, confirmation of survival, and/or date of
recurrence. OS and RFS were then calculated from the
number of days after surgery.

2.3. Pathological assessment

Liver specimens were fixed in 10% buffered formalin,
followed by paraffin embedding. We cut consecutive 4-pm
thick sections and stained them with Hematoxylin and
Eosin (H&E). Morphological observations were conducted
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in H&E-stained sections under a light microscope (low
magnification x40 to high magnification x400; CX41;
Olympus Corporation, Tokyo, Japan). The histologic
diagnosis of HCC was reviewed and confirmed by two
pathologists (K.T. and M.N.). Criteria of selection of LR-
HCC were derived from a previous report from our insti-
tution; specifically, LR-HCC was defined on the observa-
tion of >100 tumor-infiltrating lymphocytes under a high-
power field (HPF) across ten fields [6]. We compared
clinicopathological factors between the extracted LR-HCC
and other HCC (non-LR-HCC) groups.

2.4. Laser microdissection (LMD) and total RNA
isolation

Four cases were selected for the sample from the LR-
HCC cases and these formalin-fixed, paraffin embedded
(FFPE) samples were cut to 8-um sections and stained with
0.05% Toluidine blue after deparaffinization. Neoplastic
hepatocytes and paired nonneoplastic hepatocytes,
excluding lymphocytes, were microdissected using the
LMD system (Leica LMD6000, Leica Microsystems
GmbH, Wetzlar, Germany).

The total RNAs in each specimen were extracted using
the Qiagen AllPrep DNA/RNA FFPE kit (Qiagen, Hilden,
Germany). RNA samples were quantified by an ND-1000
spectrophotometer (NanoDrop Technologies, Wilmington,
DE, USA) and the quality was confirmed with the TapeS-
tation system (Agilent technologies, Santa Clara, CA,
USA).

2.5. Gene expression microarrays

The cRNA was amplified, labeled with total RNA using
GeneChip® WT Pico Kit, and hybridized to Thermo Fisher
Scientific Clariom™ D Assay, Human according to the
manufacturer’s instructions (Thermo Fisher Scientific, Inc.,
Waltham, MA, USA). All hybridized microarrays were
scanned by a Thermo Fisher Scientific scanner. Relative
hybridization intensities and background hybridization
values were calculated using Expression Console™
(Thermo Fisher Scientific, Inc.).

2.6. Data analysis and filter criteria

The raw signal intensities of all samples were normal-
ized with SST-RMA algorithm (gene level) using Thermo
Fisher Scientific Expression Console version 1.4.1 soft-
ware. To identify up or down-regulated genes, we calcu-
lated Z-scores [22] and ratios (non-log scaled fold-change)
from the normalized signal intensities of each probe for
comparison between control and experiment sample.

Then we established criteria for regulated genes: (up-
regulated genes) Z-score >2.0 and ratio >1.5-fold, (down-
regulated genes) Z-score <—2.0 and ratio <0.66.

2.7. Immunohistochemistry

To further validate the expression of the candidate gene
identified by microarrays at the protein level and their re-
lationships with clinicopathological factors, immunohisto-
chemical (IHC) staining was performed on 4-um FFPE
tissue sections from cases of LR-HCC and HCC without
massive lymphocyte infiltration as a control (non-LR-HCC).
From the results described below, there were 28 cases of LR-
HCC and an equivalent number of 30 cases were selected for
the control group. The controls were randomly selected from
432 non-LR-HCC cases and ensured that there was no sta-
tistically significant difference in clinicopathological back-
ground compared to the population. The molecular target we
focused on is CC motif chemokine ligand (CCL) 20. For
CCL20 stain, the sections were deparaffinized and rehy-
drated with xylene and 100% graded ethanol, respectively.
The sections were subsequently soaked in Target Retrieval
Solution, pH 9 (Dako; Agilent Technologies, Inc., Santa
Clara, CA, USA) and treated at 110 °C in a pressure cooker
for 15 min. IHC staining was performed using the EnVision
system (Dako) according to the manufacturer’s protocol and
tissue sections were incubated with the primary antibody for
overnight at 4 °C. The primary antibody used was a rabbit
monoclonal anti-human CCL20 (1:200, #26527-1-AP, Pro-
teintech Group, Inc., Rosemont, IL, USA). In addition, CC
motif chemokine receptor (CCR) 6 (rabbit monoclonal,
1:1000, #ab227036, Abcam, Cambridge, UK), the only re-
ceptor for CCL20, was stained using the same procedure.

The results of the staining were evaluated independently,
according to the staining intensity and the percentage of
positive cells, by two pathologists (K.T. and M.N.), using
the previously described light microscope. Initially, the
whole slide was observed at x40 magnification in order to
assess the percentage of stained area. The staining intensity
was then assessed at x200 magnification. The number of
fields of view assessed depended on the stained area per-
centage. The staining intensity of the cancerous areas was
scored on a scale from 0 to 3 compared with the noncan-
cerous area, as follows: 0, when the intensity in the
cancerous area was equal to that of the noncancerous area;
1, when the intensity in the cancerous area was slightly
higher than that in the noncancerous area; 2, moderately
higher and 3, markedly higher. The total expression score in
the cancerous area was calculated by multiplying the
staining intensity score by the percentage of stained area
(Modified Score: MS, range 0—3) [23].

In addition, THC analysis was performed in FFPE
specimens of LR-HCC to evaluate infiltrating lymphocytes
using the following antibodies: CD3 (rabbit polyclonal,
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Table 1  Clinicopathological factors of the cases of lymphocyte-rich hepatocellular carcinoma and non-LR-HCC.
Clinicopathological factor LR-HCC non-LR-HCC P-value

(n = 28) (n = 423)
(%) (%)

Age, years; mean + SD 70.3 £ 10.6 70.6 £ 9.5 0.9665
Gender, male/female 23/5 (82.1/17.9) 314/109 (74.2/25.8) 0.5005
Virus infection, HCV/HBV 14/4 (50/14.3) 222/63 (52.5/14.9) 0.7990/0.6447
Gross type 0.0037

Simple nodular type 21 (75) 250 (59.1)

Simple nodular type with extranodular growth 2 (7.1) 88 (20.8)

Confluent multinodular type 2(7.1) 35 (8.3)

Small nodular type with indistinct margin 2 (7.1) 45 (10.6)

Unclassified type, Others 1 (3.6) 5(1.2)
Tumor size, mm; mean = SD 28.3 £+ 14.0 26.7 £ 19.7 0.2927
Histological grade 0.6355

Well-differentiated 1 (3.6) 46 (10.9)

Moderately-differentiated 26 (92.9) 328 (71.5)

Poorly-differentiated 1 (3.6) 49 (11.6)
Capsule formation 12 (42.9) 240 (56.7) 0.1520
Portal vein invasion 10 (35.7) 196 (46.3) 0.5469
Intrahepatic metastasis 0 36 (8.5) 0.1076
Recurrence 6 (21.4) 179 (42.3) 0.0714
Death 2 (7.1) 98 (23.2) 0.4529

Abbreviations: LR-HCC, lymphocyte rich hepatocellular carcinoma; SD, standard deviation; HCV, hepatitis C virus; HBV, hepatitis B virus.

undiluted, Dako, code 1S503), CD20 (mouse monoclonal,
undiluted, code N1502, Dako), and CDS8 (clone SP57,
rabbit monoclonal, undiluted, cat, 790-4460, Ventana,
Tucson, AZ, USA). IHC stain was performed using the
Ventana Benchmark system (Ventana Automated Systems,
Tucson, AZ, USA). The number of positive lymphocytes
was counted at high magnification in each field of view, and
the average of 10 fields of view was derived.
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2.8. Statistical analysis

The presence or absence of statistically significant differ-
ences between LR-HCC cases and non-LR-HCC cases with
respect to differences in clinicopathological background fac-
tors was examined using t-tests and chi-square tests. For
evaluation of the prognosis, Kaplan—Meier (K-M) curves
were estimated for OS and RFS and compared by log-rank
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Overall survival (A) and recurrence-free survival (B) of patients with LR-HCC and non-LR-HCC (Kaplan—Meier analysis). Five-

year-survival rates were 91.7% (standard error [SE] 8.0) and 87.2% (SE 2.1) in LR-HCC and non-LR-HCC, respectively. The horizontal
axis indicates the number of years after surgery. No significant difference in the prognosis was noted between the two groups. LR-HCC,

lymphocyte rich hepatocellular carcinoma.



Clinicopathological characteristics and molecular analysis of LR-HCC 47

test. The Mann—Whitney U-test was used to examine the
expression levels of CCL20 and CCR6 between LR-HCC
tissues and non-LR-HCC. Multiple regression analysis was
performed to search for factors related to CCL20 expression
levels.

JMP Pro 16 (SAS Institute Inc., Cary, NC, USA) were
used to evaluate the clinicopathological parameters and THC
results and the differences were considered statistically
significant at P < 0.05.

3. Results

3.1. Clinicopathological features of patients with
LR-HCC or non-LR-HCC

Over a 10-year period, LR-HCC was diagnosed in 28 of
451 HCC cases, with a frequency of 6.2%. Table 1 shows
the clinicopathological background of 28 and 423 patients
with LR-HCC and non-LR-HCC, respectively.

As for the gross type, the simple nodular type was more
common in LR-HCC than in non-LR-HCC (P = 0.0037).
However, no other significant differences were observed
between LR-HCC and non-LR-HCC groups in terms of
other clinical data (age, sex) and pathological data (tumor

metastasis, and recurrence rates tended to be low in LR-
HCC, but none of these trends reached statistical signifi-
cance (P = 05469, P = 0.1076, and P = 0.0714,
respectively).

Median follow-up was 43.3 months (IQR: 19.6—70.3
months). The K-M curves of OS and RFS are shown in
Fig. 1. OS showed a 5-year survival rate of 91.7% (standard
error [SE] 8.0) and 87.2% (SE 2.1) for LR-HCC and non-
LR-HCC, respectively. Specifically, survival rates were
better for the former cancer type, and a LR-HCC showed a
tendency for improved RFS, although the difference was
not statistically significant (P = 0.4637, P = 0.0956,
respectively).

Histopathological characteristics of the dead and recur-
rent cases of LR-HCC were reviewed, but no noteworthy
findings were found (data not shown).

3.2. Gene expression microarrays

We compared the cancerous and non-cancerous tissues
of four LR-HCC cases using microarray analysis and
extracted molecular targets with increased or decreased
expression levels (Fig. 2). No factors exhibited consistently
high or low expression across all four cases. However,
SEC24A, PPPIR3A, CCL20, and others

CCL20

size, tissue type). Portal vein invasion, intrahepatic ATGI16L1,
? Distance from Median
NC HCC NC HCC NC HCC NC HCC
L | L | L | L |
case 1 case 2 case 3 case 4
Fig. 2 Heat map focusing on chemokines based on microarray analyses of LR-HCC tissues (n = 4). Molecular targets with different

levels of expression in LR-HCC tissue and its adjacent non-cancerous tissue (NC), were identified by microarray analysis. No genes were
commonly elevated in the four cases, but some, including CCL20, were commonly elevated in three cases. Arrow indicates CCL20
expression. LR-HCC, lymphocyte rich hepatocellular carcinoma; CCL20, CC motif chemokine ligand (CCL) 20.
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Representative images of CCL20 (A, B, and C) and CCR6 (D, E, and F) expression by immunohistochemical staining. The

staining intensities shown in panels A to C and in D to F were scored as 1 to 3, respectively. CCL20, CC motif chemokine ligand 20; CCR6,

CC motif chemokine receptor 6.

demonstrated high expression in three out of the four cases
examined. We focused on CCL20, a chemokine associated
with lymphocyte infiltration.

3.3. Immunohistochemistry

Figure 3 shows the staining intensity images of CCL20
and CCR6; Fig. 4 shows the results of CCL20 staining.
CCL20 expression was confirmed in tumor cells in 26 of
the 28 LR-HCC cases (93%) and in 26 of 30 non-LR-HCC
cases (87%). The CCL20 immunostaining score (MS) was
calculated and compared in these two groups (n = 58). The
mean (= standard deviation [SD]) in the LR-HCC and non-
LR-HCC group was 0.62 + 040 and 0.28 + 0.31,
respectively. The former was significantly higher
(P = 0.0007) (Fig. 4E).

Figure 5 shows the staining results for CCR6, whose
expression was confirmed in tumor cells in all 28 cases of
LR-HCC (100%) and in 29 of 30 (97%) cases of non-LR-
HCC. MS was 0.83 4+ 0.43 and 0.36 4 0.26, respectively;
the former was significantly higher (P < 0.0001) (Fig. SE).
In addition, tumor-infiltrating lymphocytes were positive
for CCR6 (Fig. 5B inset).

Regarding tumor-infiltrating lymphocytes, Fig. 6 shows
H&E staining (A), CD3 staining (B), CD20 staining (C),

and CDS staining (D) results in a representative case of LR-
HCC. In the 28 LR-HCC cases, the number of positive cells
(mean + SD/10HPFs) was as follows: CD3 positive,
144.0 £ 62.8; CD20 positive, 62.8 £ 43.0; and CDS8 pos-
itive, 95.3 + 43.5. Significantly more CD3-positive cells
were observed compared to CD20-positive cells (Fig. 6E).
In addition, the number of CD8-positive cells accounted for
more than half of that of CD3-positive cells. Therefore, it
can be inferred that the majority of infiltrating lymphocytes
in LR-HCC were CD8-positive T cells.

3.4. Statistical analysis

Multiple regression analysis was performed using the
CCL20 score obtained in both groups of LR-HCC and non-
LR-HCC cases (n = 58). However, no clinicopathological
factors were associated with the score. In addition, an ROC
curve was created based on the results, with an AUC,
CCL20 score cut-off value, sensitivity, and specificity of
0.7583, 0.25, 85.7%, and 60%, respectively. With a cutoff
of 0.25, the subjects were divided into two groups of
CCL20 high/low, and logistic regression analysis was per-
formed. We examined the association with clinicopatho-
logical factors including prognosis but did not identify
factors with statistically significant differences.
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Fig. 4  A: Representative photomicrograph of an LR-HCC case (H&E). Lymphocytes outnumber tumor cells. B: CCL20 immunostaining
of the same case shows a positive reaction in the tumor cells. Modified score (MS) of this case was calculated to be 1.05. C: Representative
case of a non-LR-HCC showing few tumor-infiltrating lymphocytes (H&E). D: CCL20 immunostaining of non-LR-HCC shows a weakly
positive to negative reaction in the tumor cells (MS = 0.15). E: CCL20 MS of LR-HCC cases was significantly higher than that of non-LR-
HCC cases (P = 0.0007). The box represents the interquartile range. LR-HCC, lymphocyte rich hepatocellular carcinoma; H&E staining,

hematoxylin-eosin staining; CCL20, CC motif chemokine ligand 20.

4. Discussion

LR-HCC is a newly proposed subtype of HCC with a
relatively good prognosis. In this study, we retrospectively
examined HCC cases that were surgically resected at our
institution. Of the 451 HCC cases studied over a 10-year
period, LR-HCC occurred in 28 cases (6.2%), which is
higher than the frequency of 1% indicated by WHO. A wide
range of incidence of LR-HCC has been reported previ-
ously. For example, one study reported that 216 HCCs

(39.7%) showed “significant lymphocytic infiltration” in
the tumor out of 544 HCC resected cases [24]. Unfortu-
nately, there are no clear diagnostic criteria based on
quantitative evaluation. This indicates the presence of dif-
ferences between observers and between facilities in the
criteria and accuracy of diagnosis, resulting in variations in
frequency.

In this study, we compared the clinicopathological fac-
tors of LR-HCC and non-LR-HCC cases. No statistically
significant differences were observed in the factors, except
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Fig. 5 A: Representative photomicrograph of an LR-HCC case (H&E). B: CCR6 immunostaining of an LR-HCC case shows a positive
reaction in the tumor cells with a Modified score (MS) of 0.55. CCR6 expression is also noted in tumor-infiltrating lymphocytes (inset). C:
Representative case of a non-LR-HCC (H&E). D: A non-LR-HCC shows few CCR®6 positive cells with a MS of 0.1. E: CCR6 MS of LR-
HCC cases was significantly higher than that of non-LR-HCC cases (P < 0.0001). The box represents the interquartile range. LR-HCC,
lymphocyte rich hepatocellular carcinoma; H&E staining, hematoxylin-eosin staining; CCR6, CC motif chemokine receptor 6.

for gross type, although intrahepatic metastasis and recur-
rence rates tended to be low in LR-HCC. Regarding
prognosis, no significant difference was observed between
LR-HCC and non-LR-HCC. However, a previous report
from our institution showed that the 5-year survival rate for
all HCC resected cases was 65% [6], which was approxi-
mately 80% in the present study, suggesting that the
prognosis of resected HCC cases in our institution has
improved dramatically in the 30 years since the previous
study. In general, the 5-year survival rate after surgery for

HCC is often reported to be 20—57% [25] and was esti-
mated to be 65% for Child—Pugh A cases in Japan [26]. In
the present study, it is conceivable that the survival rate of
the included cases was high, and consequently, we were
unable to achieve a statistically significant difference.
Nevertheless, the 5-year survival rate for LR-HCC at our
institution exceeded 90%. Therefore, the prognosis of LR-
HCC can be concluded to be good.

In this study, we performed a comprehensive microarray
analysis and found CCL20 to be highly expressed in LR-
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HCC. CCL20 is a chemokine involved in lymphocyte
migration, with CCR6 as its sole receptor [27]. We inves-
tigated CCL20 expression in actual tumor tissues and found
that it was higher in the LR-HCC group than that in the
non-LR-HCC group. In addition, CCR6 expression was
confirmed in lymphocytes within the tumor tissue, sug-
gesting that CCL20 may be involved in the migration of
intratumoral lymphocytes. Furthermore, CCR6 is highly
expressed in the tumor cells, suggesting that CCL20 may
act in an autocrine manner.

CCL20, also known as liver and activation-regulated
chemokine (LARC) and was originally found in the liver
[28]. It is involved in inflammation and has been implicated
in inflammatory and infectious diseases, such as rheuma-
toid arthritis and human immunodeficiency virus infection.
In addition, the axis between CCL20 and its receptor,
CCR6, may be involved in the chemotaxis of T cells, B
cells, and dendritic cells (DC). This axis has also been
implicated in the recruitment of immature DCs to sites of
antigen entry and the arrest of T lymphocytes on the

P <0.0001

cell count

: L

CD3 CD20

Fig. 6 A: Representative photomicrograph of an LR-HCC case (H&E). B—D: IHC staining results of CD3 (B), CD20 (C) and CD8 (D).

Intra-tumor infiltrating lymphocytes show more CD3-positive cells than CD20, and the number of CD8-positive cells accounted for more
than half of that of CD3-positive cells. E: Comparison of the number of positive cells between CD3 and CD20 in LR-HCCs (n = 28)
revealed a significantly higher number in the former (P < 0.0001). The vertical axis shows the average number of lymphocytes in 10 high-
magnification fields of view. LR-HCC, lymphocyte rich hepatocellular carcinoma; H&E staining, hematoxylin-eosin staining.
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endothelium during the early stages of the immune
response and has recently been implicated in intratumoral
immunity.

Since the 2010s, the development of immune checkpoint
inhibitor-based therapies has led to progress in research on
how tumors evade immune detection, which decreases the
effectiveness of immune checkpoint inhibitors. In HCC,
WNT/B-catenin mutations may induce immune evasion, and
CCL20 is involved in this mechanism. Studies using mouse
HCC models and human HCC samples have shown that
several chemokines, including CCL20, are downregulated in
HCC with WNT/@-catenin mutations. Furthermore, the mu-
tation reduces the infiltration of CD8-positive T cells into
tumor tissues, suggesting the involvement of CCL20 with
CDS8-positive T cells [29]. Akasu M et al. showed that 3-
catenin-activated HCC cell lines overexpressing cytokines,
including CCL20, restores the cell-killing ability of T lym-
phocytes [30]. In addition, although the organ is different, that
high CCL20 and CD8-positive cell counts were observed to be
associated with COVID-19 alveoli, and that they were
involved in the persistence of inflammation [31]. The infil-
trating lymphocytes in the LR-HCC tumors examined in this
study were predominantly CD8-positive T cells, and this is
consistent with previous reports that CCL20 contributes to the
increase of CD8-positive T cells.

To confirm the (-catenin mutation, immunostaining in
the LR-HCC cases revealed its positivity (with nuclear
staining) in only two of 28 cases (7.1%) (data not shown).
These mutations reportedly have been identified in upto
40% of resected HCCs [32], and are clearly less common in
LR-HCC cases, consistent with reports of correlation be-
tween (-catenin mutations and CCL20 suppression.

CCL20 has a tumor-promoting effect in multiple tumor
types, including HCC. This effect is mediated by the
autocrine action of CCL20 via CCR6 [33]. CCL20 also
recruits regulatory T cells via CCR6, which can suppress
tumor immunity [34,35]. However, these studies are likely
to have been conducted on conventional HCC, and it is
possible that LR-HCC, which was targeted in the present
study, was not included due to its low frequency. In our
study, the infiltrating lymphocytes were mainly CDS8-
positive lymphocytes. Specifically, in LR-HCC, CCL20
recruits cytotoxic CDS8-positive lymphocytes through
CCR6, rather than autocrine tumor growth-promoting ac-
tion. This improves the tumor immune microenvironment
and yields antitumor effects. This may be the reason for the
relatively favorable prognosis.

This study had some limitations. Our results suggest that
CCL20 may be involved in lymphocyte migration in LR-
HCC tumors. However, due to the overall rarity of LR-HCC,
the number of cases examined was small (n = 28), which
may not be sufficient as a sample size. Nonetheless, over the
past 10 years, we have examined a population of just under
500 cases; thus, we believe that this was a reasonably large

cohort. In addition, although CCR6 expression was
confirmed in tumor-infiltrating lymphocytes, it was not
confirmed whether this expression was consistent with CD8-
positive cells. We will continue to accumulate cases and
examine the clinicopathological characteristics of LR-HCC

5. Conclusions

In this study, we examined LR-HCC cases at our insti-
tution and found that the frequency of incidence was 6.2%,
which is higher than previous reports. There were no sta-
tistically significant differences in clinicopathological fac-
tors between LR-HCC and non-LR-HCC, except for gross
type, although intrahepatic metastasis and recurrence rates
tended to be low in LR-HCC and the 5-year survival rate
for LR-HCC was well over 90%. Infiltrating lymphocytes
in the tumor stroma of LR-HCC were mainly composed of
CDS8-positive T cells. CCL20 expression was significantly
higher in LR-HCC than that in non-LR-HCC, suggesting
that CCL20 may be involved in intratumoral lymphocyte
migration.
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