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ORIGINAL ARTICLE

Increased Expression of the Matrix-Modifying Enzyme Lysyl Oxidase-Like 2
in Aggressive Hepatocellular Carcinoma with Poor Prognosis
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Background/Aims: Lysyl oxidase-like 2 (LOXL2), a collagen-
modifying enzyme, has been implicated in cancer invasive-
ness and metastasis. Methods: We evaluated the expression
of LOXL2 protein, in addition to carbonic anhydrase IX (CAIX),
keratin 19, epithelial cell adhesion molecule, and interleukin
6, in 105 resected hepatocellular carcinomas (HCCs) by im-
munohistochemistry. Results: LOXL2 positivity was found in
14.3% (15/105) of HCCs, and it was significantly associated
with high serum o-fetoprotein levels, poor differentiation, fi-
brous stroma, portal vein invasion, and advanced TNM stage
(p<0.05 for all). Additionally, LOXL2 positivity was significantly
associated with CAIX (p=0.005) and stromal interleukin 6
expression (p=0.001). Survival analysis of 99 HCC patients
revealed LOXL2 positivity to be a poor prognostic factor; its
prognostic impact appeared in progressed HCCs. Further-
more, LOXL2 positivity was shown to be an independent
predictor of overall survival and disease-specific survival
(p<0.05 for all). Interestingly, co-expression of LOXL2 and
CAIX was also an independent predictor for overall survival,
disease-specific survival, disease-free survival, and extrahe-
patic recurrence-free survival (p<0.05 for all). Conclusions:
LOXL2 expression represents a subgroup of HCCs with more
aggressive behavior and is suggested to be a poor prognostic
marker in HCC patients. (Gut Liver 2019;13:83-92)
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INTRODUCTION

Hepatocellular carcinoma (HCC), representing over 90% of all
primary liver cancers, is currently the sixth-most prevalent can-
cer and the second-leading cause of cancer death worldwide.'
In HCC, patients who are eligible for curative treatments such as
surgical resection, liver transplantation, and radiofrequency ab-
lation are limited and transarterial chemoembolization and che-
motherapy (sorafenib, regorafenib) are less effective in prolong-

1.”* Therefore, the discovery of novel and promising

ing surviva
molecular targets in HCC is needed to develop better treatment
options.

Recently, extracellular matrix (ECM), which is a primary
noncellular component of the tumor microenvironment, has
emerged as an important regulator of cancer progression and
metastasis.”® The ECM is a highly dynamic structure that con-
tinuously crosstalks with adjacent epithelial cells, and it is well
known that tumorous tissue shows prominent changes in ECM
homeostasis that is tightly controlled in normal tissue. In par-
ticular, increased collagen cross-linking and matrix stiffness are
aberrant ECM changes observed in tumors and are implicated in
tumor progression and metastasis.”® In the liver, changes in ma-
trix stiffness are characteristic of inflammation and fibrosis, and
a previous study demonstrated that a stiff microenvironment
is associated with cellular proliferation, mesenchymal shift,
and resistance to chemotherapy in HCC cells.” Furthermore,
our previous studies demonstrated that HCC with abundant fi-
brous stroma exhibits aggressive biologic behavior, along with
expression of stemness markers and activation of epithelial-

mesenchymal transition (EMT)-related genes.'*"!
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Lysyl oxidase (LOX) and its family members LOX-like (LOXL)
1-4 are copper-dependent amine oxidases that catalyze the
covalent crosslinking of collagen and elastin, resulting in in-
creased ECM stiffness. The aberrant expression of LOX family
oxidases and/or deregulated oxidase activity is responsible
for the pathogenesis of various diseases, including cancer.”"
Among the LOX family members, LOXL2 has been deemed an
important regulator of tumor progression.' Early studies on
breast cancers demonstrated that LOXL2 overexpression in-
duced the formation of fibrotic foci within tumors with invasive
properties'® and that increased LOXL2 expression promoted the
invasiveness of breast cancer cells and induced EMT.”" In ad-
dition, increased LOXL2 expression was reported to be associ-
ated with tumor aggressiveness and poor prognosis in head and
neck, lung, breast, stomach, and esophageal cancers."*** More-
over, LOXL2-specific antibody was found to be effective in both
primary and metastatic xenograft models of breast cancer.”' In
HCCs, Wong et al.”> demonstrated that only LOXL2, among the
LOX family members, was substantially overexpressed in hu-
man HCC tissues, when compared to non-tumoral liver tissues,
and it was up-regulated by hypoxia and transforming growth
factor B (TGF-p) signaling. In addition, they showed that LOXL2
promoted intrahepatic metastasis by increasing tissue stiffness
and facilitated extrahepatic metastasis by enhancing recruitment
of bone-marrow-derived cells to metastatic sites.”” Therefore,
LOXL2 is likely to contribute to HCC progression, especially un-
der the hypoxic and inflammatory microenvironment, and may
be a potential therapeutic target. However, the clinicopathologic
relevance of LOXL2 expression in human HCC tissues remains
unclear.

In the present study, we investigated LOXL2 protein expres-
sion in primary HCC tissues from 105 patients who underwent
curative resection, including its correlation with the expression
of hypoxia-related (carbonic anhydrase IX [CAIX]), stemness-
related (keratin 19 [K19] and epithelial cell adhesion molecule
[EpCAM]) and inflammation-related (interleukin 6 [IL-6]) mark-
ers, which are known to play a pivotal role in HCC progression.
We also evaluated the clinicopathological and prognostic sig-
nificance of LOXL2 protein expression in HCCs.

MATERIALS AND METHODS
1. Case selection and histopathologic analysis

All HCCs included in this study were morphologically typical
HCC; cases that could be classified as combined hepatocellular-
cholangiocarcinoma were excluded. A total of 105 formalin-
fixed, paraffin-embedded HCC specimens were obtained from
the archives of the Department of Pathology, Severance Hos-
pital, Yonsei University College of Medicine, all of which were
surgically resected between March 2006 and January 2010. This
study was approved by the Institutional Review Board of Sever-
ance Hospital (IRB number: 4-2014-0654), and the requirement

for informed consent was waived.

Clinical data from each patient were obtained from a careful
review of medical records. Patients consisted of 82 males and 23
females, and the mean age was 57.3+10.9 years (range, 31 to 86
years). Eighty-five cases (81.0%) were related with hepatitis B
virus, and the remaining cases were related with hepatitis C vi-
rus (6.7%, n=7), alcohol (5.7%, n=6), or unknown etiology (6.7%,
n=7). All patients with cirrhosis (51.4%, n=54) were classified to
Child-Pugh class A. All patients did not receive any preopera-
tive treatment, such as transarterial chemoembolization, percu-
taneous ethanol injection, radiofrequency ablation, radiation,
or chemotherapy. Follow-up data including the status at last
follow-up and occurrence of distant or intrahepatic metastasis
or local recurrence was available in 99 patients. The mean fol-
low-up period after surgery was 49.9+19.7 months (range, 3 to
86 months). Overall survival (OS) was defined as the time from
surgery to death. Disease-specific survival (DSS) was defined as
the time from surgery to death in patients with HCC involving
>5000 of the liver, HCC with extensive portal vein thrombosis
by tumor, or HCC with extrahepatic metastasis.” Extrahepatic
recurrence-free survival (EHRES) was defined as the time from
surgery to initial diagnosis of extrahepatic recurrence, and
disease-free survival (DFS) was defined as the time from surgery
to initial diagnosis of recurrence regardless of location.

Histopathologic analysis was performed on whole sections by
routine pathologic examination, and the variables included tu-
mor size, differentiation according to Edmondson-Steiner grade,
multiplicity of tumors, tumor necrosis, tumor capsule forma-
tion, microvascular and major vessel invasion, and pathology
of non-tumor liver. The amount of fibrous stroma in tumor
was semi-quantitatively evaluated on hematoxylin and eosin-
stained slides.

2. Tissue microarray construction

Two 2-mm core tissues from donor paraffin blocks of each
HCC specimen were taken and arranged in recipient tissue mi-
croarray (TMA) blocks using a trephine apparatus (Superbiochips
Laboratories, Seoul, Korea). One core of non-neoplastic liver tis-
sue from each case was also included in the TMA blocks.

3. Immunohistochemistry

Immunohistochemistry was performed for LOXL2 (1:400;
Abcam, Cambridge, MA, USA), CAIX (1:1000; Abcam), K19
(1:100; DAKO, Glostrup, Denmark), EpCAM (1:1000; Calbio-
chem, Darmstadt, Germany), and IL-6 (1:100; Abcam) on TMA
sections. Except for IL-6, immunohistochemical staining was
performed using an automated staining system (Discovery XT;
Ventana Medical Systems, AZ, USA) according to the manu-
facturer’s instructions. For IL-6, deparaffinized, rehydrated
TMA sections were treated with protease K for antigen retrieval,
incubated with IL-6 antibody (room temperature, 1 hour) and
secondary antibodies (DAKO), and then developed with an En-
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vision kit (DAKO) using 3,3-diaminobenzidine as chromogen.
The positivity of CAIX was defined as membranous distribution
in at least 1% of the tumor cells with moderate or strong inten-
sity. Positivity for K19 and EpCAM was defined as membranous
or cytoplasmic expression in at least 5% of the tumor cells with
moderate or strong intensity. For LOXL2, positivity was defined
as cytoplasmic expression in at least 5% of tumor cells with
strong intensity. The expression of IL-6 in fibrous stroma was
semiquantitatively assessed as follows: stromal IL-6 histoscore
= intensity of stromal IL-6 expression x area of IL-6 expressing
stroma in TMA cores.

4, Statistical analysis

Statistical analysis was conducted using SPSS software ver-
sion 23.0 (IBM Corp., Armonk, NY, USA). The chi-square test,
Fisher exact test, Mann-Whitney U-test, and independent t-
test were used as deemed appropriate. Survival analyses were
performed by the Kaplan-Meier method with log-rank test. Uni-
variate and multivariate survival analyses were conducted using
Cox proportional hazards ratio models. Only variables signifi-

A

cant in the univariate analysis of factors affecting survival were
used in the multivariate analysis. Estimated relative risks of
event were expressed as adjusted hazard ratios (HRs) and corre-
sponding 95% confidence intervals (CI). Statistical significance
was assumed when p<0.05.

RESULTS

1. LOXL2 protein expression patterns in HCCs and non-
tumoral liver tissues

Of 105 HCCs, LOXL2 positivity was observed in 15 HCCs
(14.3%). In the LOXL2-positive HCCs, LOXL2 protein expression
was heterogeneous, and tumor cells facing fibrous tumor stroma
showed stronger cytoplasmic LOXL2 expression compared to
more centrally located tumor cells (Fig. 1A). The tumor stroma
did not show LOXL2 positivity. Non-tumor liver did not show
strong LOXL2 expression in both of hepatocytes and fibrous tis-
sue (Fig. 1B).

HCC with little fibrous stroma

HCC with fibrous stroma

H&E §

LOXL2
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Fig. 1. (A) Lysyl oxidase-like 2 (LOXL2) protein expression according to the fibrous stroma proportion in hepatocellular carcinomas (HCCs). HCCs
with little fibrous stroma (fibrous stroma proportion <5%) do not show significant LOXL2 expression (left column), while HCCs with fibrous
stroma exhibit more intense LOXL2 cytoplasmic expression (middle [fibrous stroma proportion 5%-49%] and right [fibrous stroma proportion
>500%)] columns). LOXL2 expression is more intense in tumor cells located at the interface with the fibrous stroma (inset) (original magnification,
%100, x400 [inset]). (B) LOXL2 protein expression is absent or weak in non-tumor liver parenchyma showing chronic hepatitis or cirrhosis (original
maghnification, x100). (C) Bar plot showing a significant association between LOXL2 expression and fibrous stromal proportion in HCCs. *p<0.05.
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Table 1. Clinicopathologic Characteristics of 105 Hepatocellular Carcinomas According to LOXL2 Positivity

Characteristic LOXL2-negative HCC (n=90, 85.7%) LOXL2-positive HCC (n=15, 14.3%) p-value
Age, yr 57.7+10.9 55.1+10.9 0.401
Sex
Male 72 (80.0) 10 (66.7) 0.311
Female 18 (20.0) 5(33.3)
Etiology of liver disease 0.442
HBV 71 (78.8) 14 (93.3)
HCV 7(7.8) 0
Alcoholic 5 (5.6) 1(6.7)
Unknown 7(7.8) 0
Serum AFP, [U/mL 17.1 (4.3-214.4) 559.3 (36.7-31358.8) <0.001*
Serum PIVKA-II, mAU/mL 70.0 (30.0-454.0) 135.0 (69.0-1740.0) 0.153
Tumor size, cm 2.9 (2.0-4.5) 3.3 (2.5-7.0) 0.155
Tumor multiplicity 0.59
No 84 (93.3) 15 (100.0)
Yes 6 (6.7) 0
Tumor differentiation 0.011*
E-S grade I-1I 76 (84.4) 8 (53.3)
E-S grade 1II-IV 14 (15.6) 7 (46.7)
Tumor necrosis 0.050
Absent 71 (78.9) 8 (53.3)
Present 19 (21.1) 7 (46.7)
Capsule formation 0.502
Absent 58 (64.4) 11(73.3)
Present 32 (35.6) 4(26.7)
Microvascular invasion 0.055
Absent 35 (38.9) 2(13.3)
Present 55 (61.1) 13 (86.7)
Portal vein invasion 0.020*
Absent 82 (91.1) 10 (66.7)
Present 8 (8.9 5(33.3)
TNM stage (AJCC 7th) 0.001*
1 35 (38.9) 3 (20.0)
I 55 (61.1) 10 (66.7)
I 0 2(13.3)
Fibrous stroma in the tumor, % <0.001*
<5 57 (63.3) 2(13.3)
5-49 33 (36.7) 11 (73.4)
250 0 2(13.3)
Background cirrhosis 0.067
Absent 47 (52.2) 4(26.7)
Present 43 (47.8) 11 (73.4)
CAIX expression 0.005*
Negative 66 (73.3) 5(33.3)
Positive 24 (26.7) 10 (66.7)
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Table 1. Continued

Characteristic LOXL2-negative HCC (n=90, 85.7%) LOXL2-positive HCC (n=15, 14.3%) p-value
K19 expression 0.697
Negative 77 (85.6) 12 (80.0)
Positive 13 (14.4) 3 (20.0)
EpCAM expression 0.514
Negative 56 (62.2) 8 (53.3)
Positive 34 (37.8) 7 (46.7)
Stromal IL-6 expression (histoscore) 0.001*
<25 68 (75.6) 7 (46.6)
25-74 20 (22.2) 4(26.7)
275 2(2.2) 4(26.7)

Data are presented as mean+SD, number (%), or median (interquartile range).

LOXL2, lysyl oxidase-like 2; HCC, hepatocellular carcinoma; HBV, hepatitis B virus; HCV, hepatitis C virus; AFP, alpha-fetoprotein; PIVKA-II,
prothrombin in vitamin K absence-II; E-S grade, Edmonson-Steiner grade; TNM, tumor-node-metastasis; AJCC, American Joint Committee on
Cancer; CAIX, carbonic anhydrase IX; K19, keratin 19; EpCAM, epithelial cell adhesion molecule; IL-6, interleukin-6.

*p<0.05.
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Fig. 2. Expression of hypoxia-related (CAIX), stemness-related (K19 and EpCAM), and inflammation-related (IL-6) markers in hepatocellular car-
cinomas (HCCs) according to the LOXL2 expression status. Bar plots showing a comparison of CAIX (A), K19 (B), and EpCAM (C) expression in
tumor epithelial cells and IL-6 expression (D) in tumor stroma between LOXL2-positive and LOXL2-negative HCCs. CAIX and IL-6 expression are
significantly associated with LOXL2 expression. Representative cases expressing CAIX, K19, EpCAM and IL-6 are presented in the lower column
(immunohistochemical stain, original magnification, x400).

CAIX, carbonic anhydrase IX; K19, keratin 19; EpCAM, epithelial cell adhesion molecule; IL-6, interleukin 6; LOXL2, lysyl oxidase-like 2. *p<0.05.

(p=0.020), and more advanced TNM stage (p=0.001), compared

2. Clinicopathologic characteristics of LOXL2-positive HCCs . . . N
with LOXL2-negative HCCs. In addition, LOXL2-positive HCCs

Table 1 summarizes the clinicopathologic characteristics of
HCCs according to LOXL2 positivity. LOXL2-positive HCCs
showed higher serum o-fetoprotein levels (p<0.001), poorer
tumor differentiation (p=0.011), more abundant fibrous tumor
stroma (p<0.001) (Fig. 1C), more frequent portal vein invasion

relatively frequently exhibited microvascular invasion (p=0.055),
tumor necrosis (p=0.050), and background cirrhosis (p=0.067),
compared with LOXL2-negative HCCs, although they were not
statistically significant.

We also analyzed the relationships between LOXL2 expres-
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Fig. 3. Kaplan-Meier survival curves demonstrating differences in overall survival, disease-specific survival, disease-free survival, and extrahepatic
recurrence-free survival of hepatocellular carcinoma patients according to lysyl oxidase-like 2 (LOXL2) expression (A) and LOXL2 and carbonic
anhydrase IX (CAIX) co-expression (B). Statistical analysis was conducted with the log-rank test. *p<0.05.

sion and CAIX, K19, EpCAM, and stromal IL-6 expression (Fig. (p=0.045). In 63 HCCs with TNM stage II-III, LOXL2 positivity
2). Of 105 HCCs, CAIX positivity was observed in 34 HCCs was associated with worse OS (p<0.001), DSS (p<0.001), DFS
(32.4%). LOXL2-positive HCCs were more frequently positive for (p=0.037), and EHRFS (p=0.039). However, in the 31 low-risk
CAIX, compared with LOXL2-negative HCCs (66.7% vs 26.7%, group HCCs (TNM stage I and tumor size <5 c¢m), LOXL2 posi-
p=0.005). K19 and EpCAM positivity was observed in 16 (15.2%) tivity did not show prognostic significance.

and 42 HCCs (39.0%) and there was no significant difference ac- The univariate survival analysis results are summarized in
cording to LOXL2 expression. IL-6 expression in tumor stroma Table 2. Among other markers, high stromal IL-6 expression
was scored <25 in 75 HCCs (71.4%), 25 to 74 in 24 HCCs (22.9%), (histoscore >25) was significantly associated with a poor DSS
and >75 in six HCCs (5.7%). LOXL2-positive HCCs exhibited (p=0.017) and DFS (p=0.028). Interestingly, co-expression of
significantly greater IL-6 expression than LOXL2-negative HCCs LOXL2 and CAIX, which was observed in 9.5% of all cases
(p=0.001). (n=10), was significantly associated with a poor 0S (p<0.001),

DSS (p<0.001), DFS (p=0.005), and EHRFS (p=0.002) (Fig. 3B).

3. Prognostic significance of LOXL2 protein expression in L
Therefore, combination of LOXL2 and CAIX seems to have bet-

Hee ter prognostic value than LOXL2 or CAIX alone.
Kaplan-Meier survival analysis revealed that the patients with In the subsequent multivariate survival analysis, LOXL2
LOXL2-positive HCCs had shorter OS (p<0.001), DSS (p<0.001), expression was a poor independent prognostic factor for 0OS
DFS (p=0.100), and EHRFS (p=0.047) than those with LOXL2- (HR, 5.316; p=0.003) and DSS (HR, 7.834; p=0.012) (Table 3).

negative HCCs (Fig. 3A). We further analyzed the prognostic Additionally, co-expression of LOXL2 and CAIX was also an
significance of LOXL2 positivity in the high-risk group HCCs independent prognostic factor for OS (HR, 6.428; p=0.004), DSS
as follows. In 22 HCCs with tumor size >5 cm, LOXL2 positiv- (HR, 6.458; p=0.038), DFS (HR, 6.494; p=0.042), and EHRFS (HR,
ity was associated with worse 0OS (p=0.002), DSS (p<0.001), 15.294; p=0.012) (Table 3).

DFS (p=0.035), and EHRFS (p=0.022). In 13 HCCs with portal

vein invasion, LOXL2 positivity was associated with worse OS DISCUSSION

(p<0.001), DSS (p<0.001), DFS (p=0.004), and EHRFS (p=0.020).

In 21 HCCs with poor differentiation, LOXL2 positivity was as- Increasing evidence supports that ECM plays an important
sociated with worse OS (p=0.006), DSS (p=0.022), and EHRFS role during tumor progression and metastasis. Previously, we
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Table 3. Multivariate Analyses for OS, DSS, DFS, and EHRFS of 99
Patients with Hepatocellular Carcinoma

HR (95% CI) p-value

LOXL2 expression

0s
3.040 (1.041-8.878) 0.042
5.316 (1.787-15.815)  0.003

Tumor size >5 cm
LOXL2 expression (positive)
DSS
LOXL2 expression (positive)
LOXL2 and CAIX co-expression
0s
LOXL2 and CAIX co-expres-

7.834 (1.571-39.058)  0.012

6.428 (1.840-22.462)  0.004
sion (positive)
DSS
LOXL2 and CAIX co-expres-  6.458 (1.112-37.503)  0.038
sion (positive)
DFS
LOXL2 and CAIX co-expres-  6.494 (1.074-39.278)  0.042
sion (positive)
EHRFS
LOXL2 and CAIX co-expres- 15.294 (1.831-127.774) 0.012

sion (positive)

A variable was included in the multivariate analysis if its p-value in
the univariate analysis was <0.05. Only variables that were statisti-
cally significant in the multivariate analysis are presented. Lysyl
oxidase-like 2 (LOXL2) expression and co-expression of LOXL2 and
carbonic anhydrase IX (CAIX) were separately analyzed in the multi-
variate analysis for overall survival (0S) and disease-specific survival
(DSS).

DFS, disease-free survival; EHRFS, extrahepatic recurrence-free sur-
vival; HR, hazard ratio; CI, confidence interval.

discovered that HCCs with abundant fibrous stroma showed
worse clinical outcome and more frequently expressed stem-
ness-related and EMT-related markers, compared with conven-
tional HCCs with no or little connective tissue."" In the present
study, we focused on LOXL2 protein, which is known as an
ECM-modifying enzyme that is important in the development
and maintenance of protumorigenic microenvironment in vari-
ous cancers. Herein, LOXL2 positivity was observed in 14% of
HCCs. LOXL2-positive HCCs exhibited more aggressive clinico-
pathologic features (poor differentiation, portal vein invasion,
and advanced TNM stage), and they were also associated with
abundant fibrous tumor stroma and tumoral epithelial CAIX
and tumoral stromal IL-6 expression. Moreover, we found
LOXL2 expression to be an independent poor prognostic factor
for OS and DSS. In particular, the prognostic impact of LOXL2
positivity was revealed in HCCs with larger size, portal vein in-
vasion, poor differentiation, or advanced TNM stage, compared
to those without these aforementioned features. To the best of
our knowledge, the prognostic significance of LOXL2 in HCCs
has not been reported so far.

Hypoxia is implicated in tumor progression and metastasis
through inducing alterations in tumor microenvironment.*
Among LOX family members, three LOX enzymes (LOX, LOXL2,
and LOXL4) are important hypoxia-induced and hypoxia-induc-
ible factor (HIF)-regulated target gene products that are involved
in collagen crosslinking and tumor fibrosis.”* In addition, LOX
and LOXL2 were reported to remodel existing collagen to es-
tablish a pre-metastatic niche containing bone marrow-derived
cells’”** and induce EMT,” mediated by HIF-1 in response to
hypoxia. As expected, in the present study, LOXL2 expression
was significantly associated with CAIX expression, which is a
hypoxia-inducible, an HIF-1-downstream component of the
tumoral pH-regulatory system and reported to be involved in
tumor cell survival, adhesion, and migration in hypoxic micro-
environments.”® In addition, CAIX has been shown to be as-
sociated with regulation of tumor fibrosis and cancer stem cells
under hypoxia.”” Interestingly, in this study, the combination
of LOXL2 and CAIX was an independent poor prognostic factor
and appeared to better predict clinical outcomes of HCC pa-
tients who underwent curative resection, compared with LOXL2
or CAIX expression alone. There might be interplay between
LOXL2 and CAIX that facilitates tumor progression in hypoxic
tumor microenvironment of HCC. Meanwhile, LOX was reported
to form a positive feedback loop with HIF-1 and induce CAIX in
the study of colon cancer cell lines.”

HCCs with stemness-related markers, such as K19 and Ep-
CAM, have been reported to present more aggressive clinico-
pathological features, including higher serum o-fetoprotein lev-
els, less frequent encapsulation, more infiltrative growth pattern,
more frequent vascular invasion, larger size, poorer differentia-
tion, and more abundant fibrous stroma, compared to those

without.'***

These clinicopathological features mirrored those
in HCCs expressing LOXL2 in this study, however we noted no
significant correlation between LOXL2 and K19 or EpCAM ex-
pression. This may be attributed to the fact that the number of
positive cases for each marker was too small to reveal statistical
significance, and further studies based on a large sized cohort
would be needed.

IL-6, an important inflammatory cytokine, is known to play
a pivotal role in survival, proliferation, stemness, and metastasis
of HCC cells.” Previously, IL-6 and LOXL2 were reported to be
up-regulated in HCC cells, and influenced by cancer-associated
fibroblasts promoting proliferation, migration, and invasion of
HCC cells in an in vitro study.” In addition, IL-1, IL-6, tumor
necrosis factor o, and TGF-f3 were found to positively regulate
HIF-1 and CAIX expression in HCC cells under normoxic, as
well as hypoxic, conditions in vitro.” TGF-B, which induces
a fibrotic tumor microenvironment, was reported to induce
LOXL2 expression.” In the present study, LOXL2-positive HCCs
showed higher stromal IL-6 expression than LOXL2-negative
HCCs. Interestingly, LOXL2 expression was stronger in tumor
cells facing fibrous tumor stroma, compared to more centrally
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located tumor cells, which was similar to patterns previously
described in human laryngeal squamous cell carcinomas and
breast basal-like carcinomas.'®”® Taken together, there might be
crosstalk between tumor epithelial cells and tumor stromal cells
in regards to the regulation of LOXL2, wherein IL-6 might be
involved.

Knockdown of LOXL2 in HCC cells was reported to decrease
cell proliferation in vitro® and inhibit tumor growth, intrahe-
patic metastasis, and lung metastasis in xenograft models.” In
addition, treatment with a LOXL2-specific monoclonal antibody,
AB0023, was reported to reduce liver fibrosis and the number of
fibroblasts as well as increase survival in a CCl,-induced mouse
liver fibrosis model.”' Several clinical trials are ongoing with a
humanized monoclonal antibody against LOXL2, AB0024 (also
as known as simtuzumab), in liver fibrosis, lung fibrosis, and
advanced solid tumors.” Based on the present study of LOXL2
expression in human HCCs, LOXL2-targeted therapy might be
introduced in treatment of advanced HCCs in the near future.

In conclusion, increased LOXL2 expression in HCC seems to
be related with fibrous stroma, and hypoxic and inflammatory
tumor microenvironment. HCC with high LOXL2 expression
represents a subgroup of HCC showing more aggressive behav-
ior and poorer clinical outcomes after curative resection than
those without, and LOXL2 expression in HCC is suggested to be
a poor prognostic marker and a potential therapeutic target in
HCC patients.
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