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Purpose: Claudin-8 (CLDNS) has been identified as an androgen-regulated gene in prostate
cancer. However, the role of CLDNS has not been fully explored in breast cancer. We aimed
to explore the expression of CLDNS8 and androgen receptor (AR), determine the correlation
between CLDNS and AR, assess the prognostic value of CLDNS8 and AR co-expression, and
investigate the possible CLDNS8 expression molecular mechanism in breast cancer.
Materials and Methods: Twenty-cight pairs of fresh tumor tissues and adjacent noncancer-
ous tissues were evaluated by Western blot for CLDNS. Then, 142 breast cancer samples were
determined by immunohistochemistry for CLDNS8 and AR. The association of clinicopatholo-
gical features with CLDN8, AR and CLDNS8, and AR co-expression was examined. The
Cancer Genome Atlas (TCGA) was used to demonstrate the expression of CLDNS and
correlation between CLDNS and AR. Kaplan—Meier survival analysis was performed to assess
the prognostic impact of CLDN8 and AR co-expression. The mechanisms related to CLDNS8
expression in breast cancer were explored by Gene Set Enrichment Analysis (GSEA).
Results: CLDNS8 was downregulated in breast cancer tissues and positively correlated with none
lymph node metastasis (P=0.016), low histological grade (P=0.006), positive ER (P=0.014),
positive PR (P=0.003), low Ki-67 index (P=0.017) and molecular subtypes (P=0.012). CLDN8
level was significantly associated with AR level (r=0.348; P<0.001). CLDN8 and AR co-
expression was positively correlated with none lymph node metastasis (P=0.007), low histological
grade (P=0.017), positive ER (P=0.019), positive PR (P=0.015) and low Ki-67 index group
(P=0.038). CLDN8 and AR co-expression had a better clinical prognosis.

Conclusion: The expression of CLDNS is directly related to the expression of AR. CLDNS
and AR co-expression might be a potential prognostic evaluation factor for breast cancer
patients.

Keywords: claudin-8, androgen receptor, breast cancer, prognosis

Introduction

The heterogeneity and the distinction among different molecular subtypes of breast
cancer require a further understanding of predictive and prognostic factors to
improve their survival. Like estrogen receptor (ER) and progesterone receptor
(PR), androgen receptor (AR) is a member of steroid nuclear receptor family.'
Although androgen and AR are generally considered extremely important in the
physiological and pathological process of prostate tissue, the majority of breast
cancers also express AR, regardless whether ER is positive or not, and their effect
in breast cancer prognosis and therapy has long been highlighted.? Functionally, AR
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expression has a dual regulatory effect on breast cancer.
AR expression is highly concordant to ER expression and
involved in a complex cross-talk with ER.? In ER-positive
(ER+) and AR-positive (AR+) breast cancer, AR leads to
cell apoptosis and act as a favorable prognostic factor by
binding estrogen-responsive element.*> But in ER-
negative (ER-) and AR+ breast cancer (termed molecular
apocrine phenotype), AR leads to cell proliferation and act
as a poor prognostic factor by binding androgen-
responsive element.® Indeed, these data suggest that eva-
luation AR status may offer additional information for
breast cancer patients in terms of prognosis and provide
opportunities for AR targeted therapy.

Claudins, together with occludins and junctional adhe-
sion molecules, form a fundamental structure of tight
junctions by cell-cell adhesions to modulate epithelial
paracellular transport.” Until now, at least 27 different
members of the claudin family varying from 22 to 27 kD
have been identified.® Dysregulation of claudin expression
leads to tight junction loss function and then promotes
tumorigenesis.” Interestingly, previous analyses have
reported that claudin-low breast cancer which is largely
within triple-negative breast cancer (TNBC) confers high
malignancy and poor survival.'®"!

Reduced level of claudin-8 (CLDN8), which is caused
by androgen ablation, is associated with inflammatory
infiltrate in mice prostate.'> AR is involved in CLDN8
transcriptional activation in prostate cancer.'’ Ashikari
et al reported consistently that AR regulates CLDNS
expression and facilitate the development of prostate
cancer.'* CLDNS has been found primarily expressed in
breast cell lines in a cell-specific manner.'> CLDN8 was
clustered in ER-positive subgroup and was proposed as
“luminal” claudin among high-grade breast invasive ductal

carcinoma.'®

RNA sequencing analysis showed that
CLDNS is a gene targeted by 4R and markedly increased
in the presence of DHT.'” However, the expression of
CLDNS and the correlation between CLDN8 and AR in
breast cancer patients have not been well elucidated.

In this study, we used The Cancer Genome Atlas-breast
cancer (TCGA-BRCA) to obtain the expression level of
CLDNS8 and AR at mRNA level. After that, we investi-
gated the expression of the CLDN8 and AR at protein
level and identified their relationship with various clinico-
pathological parameters in breast cancer tissues. We deter-
mined their function on predicting the prognosis in breast

cancer patients. Finally, we used Gene Set Enrichment

Analysis (GSEA) to investigate CLDN8-related signaling
pathways.

Materials and Methods
TCGA and Gene Set Enrichment Analysis
(GSEA)

Gene expression (https://cancergenome.nih.gov/) from the
TCGA-BRCA database was downloaded. It contains 113
normal breast samples and 1109 breast cancer samples.

Then, we used the edgR package to normalize gene
expression. The difference of CLDNS expression in nor-
mal tissues and breast cancer tissues and the relationship
between CLDNS and AR were analyzed by GraphPad
Prism 7.0. GSEA (http://www.broadinstitute.org/gsea/
index.jsp) was analyzed to explore the CLDN8 expression

mechanisms in breast cancer.

Patients and Tissue Samples

After the approval of the Research Ethics Committee of
the First Affiliated Hospital of China Medical University,
fresh tumor tissues and adjacent noncancerous tissues
were obtained from 28 patients who were pathologically
diagnosed with infiltrative breast carcinoma and under-
went modified radical mastectomy at the First Affiliated
Hospital of China Medical University. Every patient
signed an informed consent form. All the samples were
frozen at —80°C within 30 minutes after surgical resec-
tions. Protein was extracted from these samples to perform
Western blot analysis. Another 142 primary non-metastatic
breast cancer specimens were retrospectively collected
from the above hospital between 2011 and 2013 to per-
form immunohistochemical staining. No patients had
received any treatment before surgery, and patients who
lost reliable medical records were excluded. While all the
patients in this study received radical mastectomy, they did
not undergo breast-conserving surgery. Based on the
immunohistochemical expression of ER, PR, HER2 and
Ki-67, the selected cases comprised 38 luminal A, 47
luminal B HER2-negative, 25 luminal B HER2-positive,
18 HER2-enriched and 14 triple-negative breast cancer.
Every patient received the standard postmastectomy treat-
ment based on the National Comprehensive Cancer
Network (NCCN) Guidelines. Of the 142 cases, 26
received hormonal therapy alone, 14 received chemother-
apy alone, 59 received both hormonal therapy and che-
motherapy, 18 received chemotherapy and anti-HER2
therapy, 25 received hormone therapy chemotherapy and
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anti-HER2 therapy. Of the above cases, 83 received radio-
therapy at the discretion of the treating radiation
oncologist.

Data including age, tumor size, lymph node metastasis,
histological grade, the status of ER, PR, HER2 and Ki-67
were obtained from the Hospital Information System and
pathology diagnosis reports. We called patients and
checked their medical records to collect their follow-up

data.

Western Blotting

Total protein was extracted from the frozen tissues using
lysis buffer on ice. Bradford method was used to quantify
the protein. Equal amounts of protein (20ng) were sub-
jected to 12% polyacrylamide, 0.1% SDS (SDS-PAGE)
and transferred onto polyvinylidene difluoride (PVDF)
USA).
Following blocking in phosphate-buffered saline with
0.1% Tween-20 (PBST) containing 0.5% skim milk pow-
der for 1 hour at room temperature (RT), the membranes

membranes (Millipore Corporation, Billerica,

were incubated in different primary antibodies overnight at
4°C. The primary antibodies used were rabbit anti-CLDNS§
antibody (1:10,000; Abcam, Cambridge, MA, USA) and
mouse anti-GAPDH antibody (1:5000, Santa Cruz
Biotechnology, CA, USA). After washing by PBST, the
membranes were incubated with HRP-linked anti-rabbit or
HRP-linked anti-mouse secondary antibodies for 1 hour at
RT. The detection was carried out with an ECL Western
blotting kit (BioVision, San Francisco, USA), the density
of protein bands was analyzed by Adobe Illustrator CS6
analysis software.

Immunohistochemical Staining

Paraffin-embedded breast tissues were sliced into 4um sec-
tions. These sections were deparaffinized and rehydrated in
xylene and a series of graded alcohols. After immersed in
3% hydrogen peroxide at RT for 15 minutes, these sections
had retrieved antigen in citrate buffer (pH 6.0) at 121°C for
90s. They were then incubated with primary antibody
against CLDNS8 (1:100; Abcam, Cambridge, MA, USA)
and AR (1:100; Proteintech, Wuhan, China) overnight at
4°C. Phosphate-buffered saline (PBS) without primary
antibodies was used as negative control. After washing,
slides were incubated with biotinylated goat anti-rabbit
/mouse immunoglobulin, followed by incubated with strep-
tomycin avidin-peroxidase, basing on Ultra-sensitive™
S-P kit protocol (Maixin-Bio, Fuzhou, China). The specific

immunostaining was then visualized with DAB reagent.
The images were taken by an Olympus microscope.

Evaluation of Immunostaining

There were two blinded professional pathologists sepa-
rately evaluated the slides. Each slide was evaluated
from five visual fields and each field contains at least
100 cells at 200x magnification. The immunoreactivity
of CLDNS8 in breast tissues was categorized based on
staining intensity scored as ‘0’ (negative), ‘1’ (weak), 2
(moderate), or ‘3’ (strong) plus positive percentage scored
as ‘0" (none), ‘1’ (<1/100), 2" (1/100 to 1/10), 3’ (1/10 to
1/3), ‘4" (1/3 to 2/3), or ‘5’ (>2/3). The immunohistochem-
istry (IHC) scores were classified into two groups as
follows: high expression (7-8) or low expression (0-6)."*
The immunoreactivity of AR was assessed based on the
positive percentage of nuclear staining cells: positive
(>10%) or negative (<10%).

Statistical Analysis

SPSS 23.0 (IBM, Armonk, USA) and GraphPad 7.0
(GraphPad Software, San Diego, USA) were used for
statistical analyses. The chi-square tests were performed
to analyze the association between protein expression and
The
between CLDN8 and AR was examined by Spearman

clinicopathological  characteristics. correlation
correlation analysis. Cox regression was performed to
analyze Overall survival (OS) and Disease-free survival
(DFS). The survival differences between the CLDN8 and
AR co-expression patients and other expression patients
were assessed by Kaplan—Meier method. A p<0.05 was

considered statistically significant.

Results
Expression of CLDN8 and AR in Breast

Cancer

To investigate the role of CLDNS in breast cancer, we first
determined CLDNS expression in TCGA datasets. The
data proved that compared with normal tissues, the level
of CLDNS was significantly lower in tumor tissues
(P<0.0001, Figure 1A). We evaluated CLDNS8 expression
levels in 28 fresh paired breast cancer tissues and adjacent
noncancerous breast tissues by Western blot analysis. In
accordance with our previous finding, the normalized
expression levels of CLDNS8 in breast cancer tissues
were significantly lower compared to matched non-
cancerous tissues (P<0.001, Figure 1C, D). Next, we
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Figure | Expression of CLDNS8 in breast cancer. (A) CLDN8 was significantly lower expressed in tumor tissues than in normal tissues of breast in TCGA (P<0.0001). (B)
CLDN8 was positively correlated with AR in TCGA (P<0.01). (C) The expression of CLDN8 was decreased in breast tumor tissues (T), compared with adjacent
noncancerous tissues (N) (P<0.001). (D) Expression of CLDN8 in breast tumor tissues and adjacent noncancerous tissues. GAPDH was used as a loading control.

evaluated the expression levels of CLDN§ and AR by IHC
in 142 breast cancer samples and 40 adjacent normal
breast tissues. The CLDNS8 was mainly expressed in mem-
branes (Figure 2A, E and I), while the AR was mainly
expressed in nucleus (Figure 2B, H and J). CLDNS-
positive expressed in 66/142 (46.5%) breast cancer cases,
which was significantly lower than 26/40 (65.0%) in adja-
(P<0.05).
expressed in 86/142 (60.6%) breast cancer cases, which

cent normal breast tissues AR-positive
was significantly lower than 31/40 (77.5%) in adjacent
normal breast tissues (P<0.05). These results suggest that
CLDNS8 and AR low expression may be crucial for the

breast tumorigenesis.

The Association of CLDN8 Expression
and AR Expression with Clinicopathology

Factors

The clinicopathological characteristics of the whole popu-
lation and their association with CLDN8 expression and
AR expression are shown in Table 1. The median follow-
up time was 74.9 months (38-80) and the median age at
diagnosis was 52.5 years (27-72). Age, tumor size and
HER2 expression were not significantly associated with

CLDNS8 expression. However, we found CLDNS8 was sig-
nificantly higher expressed in patients with none lymph
node metastasis (P=0.016), low histological grade
(P=0.000), positive ER (P=0.014), positive PR (P=0.003)
and low Ki-67 index (P=0.017), respectively. CLDNS
expression was significantly associated with molecular
subtype (P=0.012). AR was significantly higher expressed
in patients with positive ER (P=0.004) and low Ki-67
index (P=0.040). Moreover, we found a strict correlation
between CLDNS8 and AR expression (r=0.348, P<0.001,
Table 2). The TCGA data also showed CLDNS mRNA
expression was positively correlated to AR mRNA expres-
sion (P<0.01, Figure 1B). These data indicate that in the
breast cancer patients, CLDN8 and AR expression are
positively related.

There are four patterns of CLDN8 and AR expression,
including CLDNS negative and AR negative (Figure 2C
and D), CLDNS positive and AR negative (Figure 2E and
F), CLDNS negative and AR positive (Figure 2G and H),
CLDNB8 positive and AR positive (Figure 2I and J). As
demonstrated in Table 3, in the whole patients, 36.7% of
the cases showed CLDN8 and AR co-expression (CLDN8
+/AR+). Compared with the other expression subgroup,
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Figure 2 Immunohistochemical staining of CLDN8 and AR expression. CLDNS8 positive in adjacent normal breast tissues (A); AR positive in adjacent normal breast tissues
(B); CLDNB8 negative (C) and AR negative (D) in breast cancer tissues; CLDN8 positive (E) and AR negative (F) in breast cancer tissues; CLDN8 negative (G) and AR
positive (H) in breast cancer tissues; CLDN8 positive (I) and AR positive (J) in breast cancer tissues.
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Table | The Relationship Between CLDN8 and AR Expression  Table 2 Correlative Analysis of CLDN8 Expression with AR

with Clinicopathological Features in Breast Cancer Patients Expression
Factors Total | CLDN8 High AR-Positive Breast Cancer Patients (n=142)
Expression Expression
CLDNS8 High CLDNS8 Low
N(%) P N(%) P Expression Expression
Al 142 | 66(46.5) 86(60.6) AR 52 34
Ag: (years) 0.844 0.546 (positive)
<50 59 28(47.5) 34(57.6) AR 14 0
50 83 38(45.8 52(62.7
~ (“4>8) (62.7) (negative)
T Stage 0411 0.154
r 0.348
TI-T2 94 46(48.9) 53(56.4)
P <0.001
T3 48 20(41.7) 33(68.8)
Abbreviations: CLDNS, claudin-8; AR, androgen receptor.
N Stage 0.016* 0.084
NO 86 47(54.7) 57(66.3)
NI-3 56 19(34.0) 29(51.8)
Histologic 0.006* 0.072 Table 3 The Relationship Between CLDN8/AR Co-Expression
Grade with Clinicopathological Features in Breast Cancer Patients
GI-G2 1o 58(52.7) 71(64.5)
G3 32 8(25.0) 15(46.9) Factors Total | CLDNS8 Other P
+/AR+ Expression
Estrogen Receptor 0.014* 0.004*
N | % N %
Negative | 35 10(28.6) 14(40.0)
Positive 107 56(52.3) 72(67.3) All 142 52 | 367 | 90 63.3
. Age (years) 0.570
Progesterone Receptor 0.003* 0.140
<50 59 20 | 339 | 39 66.1
Negative 48 14(29.2) 25(52.1) >50 83 32 | 38.6 | 51 61.4
Positive 94 52(55.3) 61(64.9)
T Stage 0.561
HER2 0718 0.256 TI-T2 94 36 (38358 |617
Positive 43 19(44.2) 23(53.4)
N Stage 0.007*
Ki-67 Index 0.017* 0.040* NO 86 39 | 453 | 47 547
o . .
) NI-3 56 13 (232 | 43 76.8
<20 50 30(60.0) 36(72.0)
>20 92 36(39.1) 50(54.3) Histologic Grade 0.017%
Molecular 0.012% 0210 GI-G2 110 46 | 41.8 | 64 58.2
S G3 32 6 188 | 26 81.2
ubtype
Luminal A 38 25(65.8) 16(42.1) Estrogen Receptor 0.019%
Luminal 47 32(68.1) 26(55.3) Negative 35 7 | 200 | 28 | 800
B HER2-
Positive 107 45 | 42.1 | 62 57.9
Luminal 25 18(72.0) 14(56.0)
B HER2+ Progesterone 0.015%
HER2- 8 5(27.8) 5(27.8) Receptor
Enriched Negative 48 1] 22937 | 77.
TNBC 14| 629 5357) Positive 94 |41 | 436 |53 | 564
Note: *Difference was statistically significant.
Abbreviations: CLDNS8, claudin-8; AR, androgen receptor; TNBC, triple-negative HER2 0.508
breast cancer. Negative 99 38 | 384 | 6l 61.6
Positive 43 14 | 326 | 29 67.4
. . . . . Ki-67 Index (%) 0.038*
there is a higher number of patients with CLDN8+/AR+ in
& p o <20 50 |24 | 480 |26 | 520
the NO (P=0.007), GI1-2 (P=0.017), positive ER =20 9 28 | 304 | 64 | 696
(P:OOI9)’ pOSlthC PR (PZOOIS) and low Ki-67 index Note: *Difference was statistically significant.
group (P:0038) Abbreviations: CLDNS, claudin-8; AR, androgen receptor.
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The Impact of CLDN8/AR Co-Expression

on Prognosis

In the Kaplan—Meier analysis, the OS rate of the CLDNS-
positive group was significantly higher than the CLDNS-
negative group (P=0.013, Figure 3A), while the DFS rate
between the two groups had no statistical difference
(P=0.088, Figure 3B). Interestingly, the DFS rate of AR-
positive expression was obviously higher than the negative
expression (P=0.043, Figure 3C), the OS rate between the
had no difference (P=0.081,
Figure 3D). Finally, we comprehensively decipher the prog-

two  groups statistical
nosis impact of CLDN8/AR co-expression. As shown in
Figure 4A and B, the CLDN8+/AR+ subgroup has longer
OS and DFS compared with other expression subgroup (OS,
P=0.005; DFS, P=0.034). We investigated the impact of
CLDNS8/AR co-expression on prognosis stratified for ER
expression. The co-expression of CLDN8 and AR was asso-
ciated with a longer OS compared to other expression sub-
group in the ER-positive patients (P=0.032, Figure 4C), but
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may not provide more information on DFS (Figure 4D). We
were unable to perform any analyses in the ER-negative
patients since this phenotype only have 35 patients. These
findings imply that lack of expression of CLDN8 and AR is
associated with poor prognosis.

Then, we performed univariate and multivariate ana-
lyses to assess the impact of each clinicopathologic vari-
The
association of OS and DFS with each clinicopathologic
variable is summarized in Table 4. CLDN8+/AR+ was
a significant factor associated with favorable OS
(P=0.012) and DFS (P=0.039). Tumor size (OS,
P=0.003; DFS, P<0.001), lymph node metastases (OS,
P=0.001; DFS, P<0.001), HER2 (OS, P=0.019) were sign-
ificant factors associated with shorter OS and DFS, respec-

able on prognosis in breast cancer patients.

tively. Furthermore, multivariate analysis showed CLDN8
+/AR+ (P=0.045) remained was an independent favorable
prognostic factor for OS (Table 5). Tumor size (P=0.036),
lymph node metastases (P=0.043) and HER2 (P=0.018)
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Figure 3 Kaplan—Meier survival analysis for survival divided by CLDN8 and AR expression in 142 patients. (A) CLDN8+ was relevant to a longer OS (P=0.013). (B) CLDN8
+ was not relevant to DFS (P=0.088). (C) AR+ was not relevant to OS (P=0.081). (D) AR+ was relevant to a longer DFS (P=0.043).
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Figure 4 Kaplan—Meier survival analysis for survival of CLDN8 and AR co-expression (CLDN8+/AR+) and other expression in breast cancer. (A) CLDN8+/AR+ was
relevant to a longer OS in 142 patients (P=0.005). (B) CLDN8+/AR+ was relevant to a longer DFS in 142 patients (P=0.034). (C) CLDN8+/AR+ was relevant to a longer OS
in ER-positive patients (P=0.032). (D) CLDN8+/AR+ was not relevant to DFS in ER-positive patients (P=0.115).

remained were poor prognostic factors for OS. Tumor size
(P=0.005) and lymph node metastases (P=0.001) remained
were poor prognostic factors for DFS.

CLDNS8-Related Signaling Pathways

To determine the identity of CLDNS-related biological
pathway, we chose significant enrichment of genes basing
on Normalized Enrichment Score (NES) (Figure 5SA-H
and Table 6). The result indicated that CLDN8 expression
was enriched in pathways of androgen response, epithelial
to mesenchymal transition (EMT), Wnt signaling pathway,
Notch signaling, P53 pathway, pathways in cancer, TNFa
signaling, JAK-STAT signaling pathway, etc.

Discussion
It is clear that as a member of tight junctions, CLDNS is
required for a paracellular barrier. Decreasing expression

of CLDNS leads to a collapse of the tight junction barrier
and might have an extreme influence on cancer cells'
survival and proliferation.'?> The TCGA database analysis
showed that the CLDN8 mRNA level was downregulated
in breast cancer tissue. Consisting of mRNA expression
level, Western blotting and THC results also indicated that
CLDNS expression was significantly lower at protein
level. Low CLDNS8 expression was associated with
lymph nodes metastasis, high histological grade, negative
ER, negative PR, high Ki-67 index. As to various mole-
cular subtyping groups, CLDNS8 expression was signifi-
cantly high in luminal breast cancer, but there was no
significant difference among luminal subtypes. The clau-
din-low intrinsic subtype of breast cancer is identified by
negative for three other members of the CLDN family,
including CLDN3, 4 and 7. Tumor initiating cell features
are enriched and common epithelial cell features are
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Table 4 Univariate Analysis of OS and DFS for Breast Cancer
Patients

Table 5 Multivariate Analysis of OS and DFS for Breast Cancer
Patients

oS DFS
HR(95% Cl) | P HR(95% Cl) | P
CLDNS8/AR
CLDN8 |
+/AR+
Other 3.509 0.045*% | NA
expression (1.027,11.984)
T Stage
TI-T2 | |
T3 2711 0.036* | 2.522 0.005*
(1.128,6.519) (1.317,4.830)
N Stage
NO | |
NI1-N3 2.667 0.043* | 3.165 0.001*
(1.033,6.889) (1.600,6.262)
HER2
Negative |
Positive 2.637 0.018* | NA
(1.180,5.895)

oS DFS
HR(95% CI) | P HR(95% P
Cl)
CLDNS8/AR
CLDNS8 | [
+/AR+
Other 4.727 0.012*% | 2.191 0.039*
expression (1.409,15.860) (1.040,4.616)
Age (years)
<50 | |
>50 1.031 0.941 0.782 0.445
(0.458,2.322) (0.417,1.469)
T Stage
TI-T2 | |
T3 3.468 0.003* | 3.176 <0.001*
(1.516,7.933) (1.683,5.992)
N Stage
NO | |
NI1-N3 4.452 0.001* | 3.795 <0.001*
(1.843,10.753) (1.947,8.398)
Histologic Grade
GI-G2 | |
G3 1.251 0.635 1.311 0.461
(0.496,3.153) (0.639,2.691)
Estrogen Receptor
Negative | |
Positive 0.692 0.414 | 0.769 0.461
(0.287,1.672) (0.383,1.545)
Progesterone Receptor
Negative | |
Positive 0.679 0.350 | 0.872 0.682
(0.302,1.529) (0.453,1.678)
HER2
Negative | |
Positive 2618 0.019* | 1.559 0.178
(1.175,5.833 (0.818,2.973)
Ki-67 Index (%)
<20 [ |
>20 1.361 0.492 1.077 0.828
(0.565,3.283) (0.553,2.095)

Note: *Difference was statistically significant.
Abbreviations: CLDNS, claudin-8; AR, androgen receptor; OS, overall survival;
DFS, disease-free survival.

Note: *Difference was statistically significant.
Abbreviations: CLDNS, claudin-8; AR, androgen receptor; OS, overall survival;
DFS, disease-free survival; NA, not applicable.

lacking in claudin-low tumors. Like CLDN8 low expres-
sion in our study, the claudin-low phenotype is also a poor
prognosis factor of breast cancer.'®

Hormonal therapy targeting the ER pathway has been
intensively studied and well understood. However, a major
obstacle is the inevitable drug resistance, continuing
efforts to use new targeting drugs are needed. To date, as
a new molecular target of breast cancer, AR has spurred
increased attention directly. The successful experience in
prostate cancer therapy gives confidence in breast cancer
treatment. Approximately 60% to 80% of breast cancer are
AR positive, depending on antibodies and definition of AR
positivity.>'*° However, the role of androgenic actions in
breast cancer remains controversial. Hence, this fuels the
urgency to determine the role of AR in breast carcinomas.
In our analysis, we found that AR was expressed in 60.6%
of breast cancer and correlated to ER expression.
Furthermore, AR was negatively related to the Ki-67
index, which is a predictor of proliferation and worse
prognosis. It was reported that AR is significantly asso-

ciated with positive prognostic factors.”' Luminal subtypes
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Figure 5 Enrichment plots from Gene Set Enrichment Analysis (GSEA). GSEA disclosed a significant enrichment of (A) androgen response. (B) Epithelial to mesenchymal
transition. (C) Whnt signaling pathway. (D) Notch signaling. (E) P53 pathway. (F) Pathways in cancer. (G) TNFa signaling. (H) JAK-STAT signaling pathway.

inclined to contain more tumors that were AR positive but
there was no significant difference among molecular sub-
types. The difference among luminal subtypes was not
statistically significant. Surprisingly, AR and ER can uti-
lize similar cis-regulatory regions, then AR can physically
impair ER transcriptional activity.4 Several studies have
demonstrated that co-expression of AR and ER predicts
a beneficial clinical outcome.”*** Additionally, AR tar-
geted treatments in both preclinical and clinical findings
for breast cancer are in development and have shown
promising preliminary efficacy.*

The gene expression studies identified that CLDNS is
driven by AR in the luminal androgen receptor (LAR)
tumors, which is a subtype of TNBC.? It was reported
that CLDNS is an AR target gene and its transcriptional

activation is up-regulated followed by DHT treatment in

Table 6 Gene Set Enriched with CLDN8 High Expression

the breast cancer cells.'” We found CLDN8 mRNA level
was co-related with AR mRNA level in the TCGA data-
base analysis. To clarify the relation between CLDNS and
AR, we evaluated the expression status of CLDN8 and AR
and identified a positive correlation between these two
proteins. CLDN8 alone was correlated with better OS
and AR alone was correlated with better DFS. Notably,
patients with combined expression pattern of CLDN8 and
AR correlated with better OS and DFS, which meant that
the combined detection of CLDN8 and AR expression
could provide a better comprehensive diagnosis for breast
cancer patients. In the ER+ subgroup, co-expression of
CLDNS8 and AR had a better OS, but cannot bring more
information on DFS. Taken together, a growing number of
evidences support the fact that CLDNS acts as a tumor-
suppressing gene in breast cancer. In addition, CLDNS is

MSigDB Collection Gene Set Name NES NOM p-val FDR g-val

c2.cp.kegg.v6.2.symbols.gmt KEGG_JAK-STAT_SIGNALING _PATHWAY 2.200 0.000 0.000
KEGG_PATHWAY_IN CANCER 2210 0.000 0.000
KEGG_WNT_SIGNALING_PATHWAY 2.170 0.000 0.000

h.all.v6.0.symbols.gmt HALLMARK_ANDROGEN_RESPONSE 2.193 0.000 0.000
HALLMARK_EMT 2.570 0.000 0.000
HALLMARK_NOTCH_PATHWAY 1.930 0.000 0.000
HALLMARK_P53_PATHWAY 1.950 0.000 0.000
HALLMARK_TNFA_SIGNALING _PATHWAY VIA NFkB 2.580 0.000 0.000

Abbreviations: CLDNS, claudin-8; NES, normalized enrichment score; NOM, nominal; FDR, false discovery rate.
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regulated by AR, co-expression of these two proteins
strongly predicts favorable prognosis. Tumor size, lymph
node metastases and HER2 expression were independent
prognostic factors. However, such data still need to be well
elucidated further in larger scale and more detailed
investigations.

A multitude of signal pathways takes effect compre-
hensively during the multistep occurrence and develop-
ment of tumors.”® GSEA provides meaningful insights in
them.?” Several functional gene sets potentially correlated
with CLDNS expression were identified by GSEA in this
study. In line with the previous study, CLDNS8 might exert
a response to androgen. Similar findings further support
the conclusion that CLDNS and AR expression is co-
related. CLDN8 might contribute to EMT, in which the
ability of a cell to invade and metastasize is increased. In
this regard, a growing body of data demonstrates the
crucial role of claudins in regulating the EMT process.
Earlier studies had documented that claudin-low breast
tumors are highly enriched for EMT transition markers.'®
Similarly, the low expression of E-cadherin and high
levels of vimentin in metaplastic breast carcinoma with
low expression of claudin-3, -4, and -7 are two markers
consistent with EMT features.'® Moreover, a similar par-
allel association of claudin-1 expression with EMT in
colorectal cancer is well documented. Inhibiting claudin-
1 expression in colorectal cancer cells not only leads to
complex morphological changes but also result in EMT
markers and associated functional behaviors change.”® As
a published study has shown that CLDN family members
are controlled by Wnt signal pathway, CLDNS8 might also
induce invasive and metastasis behavior of breast cancer
via this pathway.”® In addition, CLDN8 might modulate
barrier properties via Notch signaling. Interestingly, clau-
din-1 modulates this pathway in MMP-9 dependent man-

ner in colon cancer.>®

We also observed significant
enrichment of genes relevant to P53 signaling, which
indicated CLDNS8 might participate in cellular growth
and division. P53 cooperates with prolactin to promote
proliferation, and aggressive behavior has been observed
in claudin-low mammary carcinomas.>’ Comprised
CLDNS8 variably was correlated to pathways of cancer
implies that it may enhance properties of cancer cells
such as tumorigenic, invasive, and metastatic.
Furthermore, CLDNS8 might causally involve in malignant
phenotypes via the TNF-a signal pathway and JAK/STAT
signal pathway. Taken together, CLDNS8 seems to consti-

tute an axis-of-evil in breast cancer, possibly by altering

complex mechanisms at multiple levels. The exact regula-
tions of CLDNS in breast cancer remain to be fully clar-
ified, and the efforts over the course of CLDNS8 studies
may help lead to new therapeutic targets.

Conclusion

In conclusion, the data presented here showed that the
expression of CLDN8 was significantly low and CLDNS
expression level was correlated with AR expression level
in breast cancer. In light of our results, the combination of
CLDNBS8 and AR expression in breast cancer prognosis was
defined as a strong favorable signature and should be
further investigated as a potential biomarker for a new
opportunity for therapy. Identifying pathways related to
CLDNS8 in breast cancer progression has the potential
value to understand the molecular mechanism and may
advance the treatment of breast cancer in future.
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