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Abstract: This study aimed to evaluate the receptor activator of nuclear factor-kB (RANK) expression statuses of
esophageal squamous cell carcinoma (ESCC) patients, high-grade intraepithelial neoplasia (HGIN), low-grade in-
traepithelial neoplasia (LGIN), and normal esophageal tissues (NETs) in Chinese Han and Kazakh ethnic, as well as
the correlation of RANK expression with clinicopathological characteristics. RANK immunohistochemical analysis
was conducted to investigate the expression of RANK in 113 ESCC, 36 HGIN, 63 LGIN, and 98 NETs from Han
ethnic patients and in 196 ESCC and 76 NETs from Kazakh ethnic patients. The associations of RANK expression
with ethnic and clinicopathological characteristics were examined using x*test. Upregulated RANK expression was
detected in both Han and Kazakh ethnic ESCC tissues, compared with NETs (P = 1.11x107%, 0.001, respectively).
RANK expression was significantly increased during malignant transformation from normal epithelium into LGIN
(P = 2.84x107) and HGIN (P = 7.83x10°) tissues in Han ethnic patients. The increased expression of RANK also
correlated with lymph node metastasis in Kazakh ethnic ESCC patients (P = 0.019). By contrast, no significant
correlation existed between RANK expression and clinicopathological characteristics of Han ethnic ESCC patients.
Furthermore, Kaplan-Meier survival analysis showed that ESCC patients with higher expression of RANK protein had
significantly worse prognosis than ESCC patients with low or no expression (P = 0.001). In conclusion, this study is
the first to identify RANK overexpression as a novel esophageal cancer marker in both Kazakh and Han ethnic ESCC
patients. The results support the association of RANK with ESCC across ethnicities. In summary, RANK could be a
therapeutic target in ESCC patients.
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Introduction lymph nodes, which subsequently metastasize
to secondary organs, ultimately leading to de-

Esophageal squamous cell carcinoma (ESCC) is ath. However, mechanisms by which ESCC cells

one of the most common malignant tumors and
the sixth leading cause of cancer-related dea-
ths [1]. On histopathological classification,
ESCC is the predominant histological subtype
of esophageal cancer in East Asian countries
[2]. Despite significant advances achieved in
various therapeutic strategies for ESCC, includ-
ing surgery, chemotherapy, radiotherapy, and
combination therapy, ESCC prognosis remains
unfavorable. The overall five-year survival rate
of ESCC patients is < 30% depending on clini-
cal stage at the time of diagnosis [3]. Moreover,
almost all patients with advanced ESCC even-
tually develop primary tumor metastases to

metastasize are unclear.

Normal esophageal squamous epithelia under-
go both genetic and histological changes during
ESCC evolution, which involves a multistage
process from noninvasive precursor lesions.
These lesions initially contain low-grade intraep-
ithelial neoplasia (LGIN), then high-grade intra-
epithelial neoplasia (HGIN), and finally invasive
carcinoma [4]. Although some studies have
reported the occurrence of this process [5-8],
mechanisms regulating the malignancy and
progression of ESCC remain under investigation
[9]. Thus, the underlying molecular mecha-
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nisms of ESCC need further understanding,
and the abilities of ESCC cells to invade and
metastasize as well as to eradicate or control
recurrent and disseminated malignancies sho-
uld be determined.

Recent studies have introduced a new recep-
tor-ligand system belonging to the tumor necro-
sis factor super family, which involves the
receptor activator of nuclear factor-kB (RANK),
RANK ligand (RANKL), and the protein osteo-
protegerin (OPG) [10, 11]. The RANK/RANKL/
OPG signaling pathway is discovered as a major
regulatory system for osteoclast formation and
action [12, 13]. RANKL is a membrane-bound
protein primarily expressed on the surface of
osteoblasts and bone marrow stromal cells.
RANKL binds to RANK, which is present on the
surface of osteoclast precursors, to induce
osteoclastogenesis and activate mature osteo-
clasts in the presence of M-CSF [14, 15]. OPG,
a decoy receptor of RANKL, is also produced by
osteoblast/stromal cells. OPG can prevent
bone destruction by blocking the binding be-
tween RANK and RANKL, thereby inhibiting
osteoclast differentiation and activation [16].
Although the RANK/RANKL/OPG system is the
key regulator of bone metabolism, some reports
have detected dysregulation of this system in
various solid tumors. Sandra Casimiro [17]
inadvertently expressed by breast and prostate
cancer cells and that the activation of RANK/
RANKL pathway correlates with an increased
invasive phenotype. Similarly, differential ex-
pression of RANK, RANKL, and OPG was asso-
ciated with the metastatic potential of cells in
prostate cancer [18], non-small-cell lung can-
cer [16], oral squamous-cell carcinoma [19],
giant-cell tumor of bone [20], and chondroblas-
toma [21]. However, characterizations of these
proteins in ESCC patients remain unclear.

Accordingly, we hypothesize that RANK expres-
sion may correlate with ESCC progression. In
our study, immunohistochemical analysis was
conducted to assess the expression of RANK in
primary ESCC tissues from 113 Han and 196
Kazakh ethnic patients, as well as in precursor
lesions, including 36 HGIN and 63 LGIN tis-
sues. We also analyzed the correlation between
RANK expression and clinicopathological para-
meters of ESCC, including age, gender, differen-
tiation, invasion depth, lymph node metastasis,
tumor-node-metastasis (TNM) stage, and prog-
nostic outcomes. We further analyzed the dif-
ference of RANK expression between Han and
Kazakh ethnic ESCC tissues.
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Materials and methods
Patients and tumor samples

We investigated surgical biopsy samples of
309 ESCC patients who underwent radical
resection at the Cancer Hospital Cancer Hos-
pital, including 113 cases of Han, 36 HGIN, 63
LGIN, and 196 cases of Kazakh. A total of 309
ESCC tissue samples and adjacent normal tis-
sues excised were selected from the First
University Hospital, Shihezi University School of
Medicine, Xinjiang Yili Prefecture Friendship
Hospital, and the People’s Hospital of Xinjiang
Uyghur Autonomous Region from 1984 to
2013. All the patients did not receive chemo-
therapy, radiotherapy, or immunotherapyprior
to surgery. We also obtained detailed clinical
data of all the cases, including age, gender, dif-
ferentiation, invasion depth, lymph node metas-
tasis, and UICC stage (TNM stage) (Table 1).
The ESCC patients were staged according to
the Cancer Staging Manual of the American
Joint Committee on Cancer. Written informed
consent under the approval of the ethics com-
mittees was obtained from each study partici-
pant. All procedures were performed in accor-
dance with the hospital's ethical guidelines.
Follow-ups were conducted on 98 Han patients,
with a follow-up deadline of 10 July 2014.

Tissue microarray and immunohistochemical
assay

Tissue microarrays containing ESCC tumor and
adjacent normal mucosa were constructed.
Sections (5 mm) were obtained from patients
with precursor lesions. Formalin-fixed and par-
affin-embedded tissue sections made from
TMAs were immunostained for RANK expres-
sion analysis using Envision methods. The 4
pm thick sections of each specimen were
dewaxed and dehydrated with graded xylene
and ethanol. Antigen retrieval was performed
by boilingin sodium citrate buffer (pH 6.0) for
10 minutes, minusing asteam cooker, and
endogenous peroxidase activity was subse-
quently quenched. RANK mouse anti-human
monoclonal antibody (Abcam, Hong Kong,
China) was applied at 1:100 dilution at 4°C
overnight. Tissue sections were then washed in
PBS and incubated with Envision secondary
antibodies for 30 min at 37°C. Subsequently,
immunoreactivity was detected using DAB, and
tissue structures were visualized by counter-
staining with hematoxylin.
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Table 1. Clinicopathological demographics for the 113
patients of Han ethnic and 196 patients of Kazakh

ethnic with ESCC

sion were investigated using Kaplan-Meier
analysis. A two-sided P < 0.05 was consid-
ered statistically significant.

Kazakh ethnic Han ethnic

Results

Characteristic P value
N (%) N (%)

Age
<65 135 (68.9) 58 (51.3) 0.002
> 65 61 (31.1) 55 (48.7)

Gender
Male 130 (66.3) 82 (72.6) 0.255
Female 66 (33.7) 31 (27.4)

Differentiation
Well-Moderate 173 (88.3) 100(88.5) 0.952
Poor 23 (11.7) 13 (11.5)

Invation depth
T1-T2 154 (78.6) 58 (51.3) 6.69x107
T3-T4 42 (21.4) 55 (48.7)

Lymphatic invasion
NO 90 (45.9) 75 (66.4) 0.001
N1-N3 106 (54.1) 38 (33.6)

UICC staging (TNM)
I/1 126 (64.3) 80 (70.8) 0.242
/v 70 (35.7) 33(29.2)

Increased expression of RANK in precan-
cerous lesions and ESCC tissues from
Han and Kazakh ethnic patients

Immunostaining was performed to exam-
ine the expression of RANK in 113 Han
ESCC tissues, 36 HGIN, 63 LGIN, and 98
normal esophageal tissues (NETs). The
RANK protein was mainly localized in the
cytoplasm of cancer cells. In Han ESCC
tissues, 79 of 113 cases (69.9%) exhibit-
ed high expression of RANK; diffuse and
strong immunostaining for RANK (6.457+
0.2587) was observed in carcinoma cells.
By contrast, 39 of 98 cases (39.8%) exhib-
ited high expression of RANK in Han NETSs,
and 59 of 98 cases (60.2%) showed no or
low expression with low average immu-
nostaining for RANK (4.571+0.2097)
(Figure 1A-C). Comparison of RANK expre-

P < 0.05 indicates a significant association among the variables.

Expression level of RANK was scored semi-
quantitatively according to the percentage of
positive cells and the cytoplasmic staining
intensity. Scores were given as follows: 0 (0% to
5% positive cells), 1 (6% to 25% positive cells),
2 (26% to 50% positive cells), 3 (51% to 75%
positive cells), or 4 (75% positive cells). Immuno-
histochemical staining intensities of tumor
cells were scored on a scale from 0 to 3 as fol-
lows: O (negative), 1 (buff), 2 (yellow), and 3
(brown) [22]. Scores from O to 4 were defined
as “low expression of RANK” and those from 4
to 12 as “high expression of RANK.” Immuno
histochemical staining was performed indepen-
dently by two pathologists without any clinico-
pathological information.

Statistical analysis

Statistical comparisons were performed using
SPSS 17.0 and GraphPad Prism 5.01. The
associations between RANK expression and
clinicopathological variables were analyzed
using x>test. The results were expressed as
mean + standard deviation. Correlations be-
tween prognostic outcomes and RANK expres-
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ssion between ESCC and NETs indicated

that RANK proteins exhibited higher immu-

nostaining in the tumor group than in the
NETs (P = 1.11x10°®). Interestingly, with advan-
ced degree of dysplasia from normal epitheli-
um to LGIN or HGIN, RANK expression signifi-
cantly increased (P = 2.84x107, 7.83x10°¢,
respectively) (Table 2; Figure 1D).

For Kazakh tissues, the RANK expression sta-
tus was detected in 196 ESCC tumor tissues
and 76 NETs. RANK overexpression was exam-
ined in 107 of 196 (54.6%, IS = 5.548+0.2134)
tumor cases and 23 of 76 (30.3%, IS = 3.882 +
0.3366) normal tissues (Figure 2A). Similar to
Han ESCC tissues, RANK was significantly over-
expressed in ESCC tumor specimens compared
with normal samples (P = 0.001) (Figure 2B).

Correlation of RANK expression with clinico-
pathological characteristics

To evaluate the clinicopathologic impacts of
RANK protein expression on ESCC, we analyzed
the correlation of various clinicopathologic vari-
ables with expression patterns of the RANK in
the Han and Kazakh ethnics (Table 3). Over-
expression of RANK was remarkably correlated
with lymph node metastasis in Kazakh ESCC

Int J Clin Exp Pathol 2015;8(2):2249-2258
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— Figure 1. Immunohistochemical analysis of RANK
staining in Han ethnic. A. Normal esophageal tis-
sues. B. LGIN and HGIN tissues. C. ESCC tissues,

} ok i intense immunostaining for RANK was presented in
the cytoplasm of most of the cancer cells, compared
with adjacent normal tissues. D. Boxplot showing
significantly higher expression of RANK in ESCC tis-
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esophageal tissues (**P < 0.05, *P > 0.05).
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Table 2. Summary of immunohistochemical differences in different tissues in Han ethnic

Precursor lesions (%) P-value
Immunostaining Normal (%) ESCC (%)
LGIN HGIN P1 P2 P3 P4 P5 P6
Low 59(60.2) 12(19.0) 6(16.7) 34(30.2) 0.110 0.114 1.11x10° 2.84x107 7.83x10° 0.768
High 39(39.8) 51(81.0) 30(83.3) 79(69.8)

P 1: ESCC vs. LGIN; P 2: ESCC vs. HGIN; P 3: ESCC vs. Normal; P 4: LGIN vs. Normal; P 5: HGIN vs. Normal; P 6: LGIN vs. HGIN. P < 0.05 was
considered statistically significant.
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tissues. RANK overexpression was observed in
61.7% (66 of 107) of cases with lymph node
metastasis compared with low expression of
RANK in 55.1% (49 of 89) of cases without
lymph nodes metastasis (P = 0.019). However,
no significant correlation existed in Han ESCC
tissues (Table 3).

Different expression patterns of RANK in Han
and Kazakh ethnic ESCC tissues

Subsequently, we analyzed the difference of
RANK expression between Han and Kazakh
ethnic ESCC tissues and NETs (Table 4). We
found a significant difference in the RANK
expression between Han and Kazakh ethnic
ESCC tissues (P = 0.007). However, no signifi-
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Figure 2. Representative immunohisto-
chemical staining of RANK in Kazakh
ethnic. (A) Normal esophageal epithelia,
(B) esophageal carcinoma, (C) Boxplot
showing significantly higher expression of
RANK in ESCC tissues than that in normal
esophageal tissues (P = 0.0001).

cant difference existed for NETs (P = 0.193).
RANK expression in Han ethnic patients with-
out lymph node metastasis was also remark-
ably increased compared with that in Kazakh
ethnic patients (P = 0.008). Similarly, in patients
with lymph node metastasis, the frequency of
increased RANK expression in Han was higher
than that in Kazakh ethnic ESCC tissues; how-
ever, the results were not statistically different
(P=0.093).

Prognosis of ESCC patients according to RANK
protein expression

The association between RANK protein expres-
sion and overall survival (OS) of ESCC was esti-
mated using log-rank test and multivariable

Int J Clin Exp Pathol 2015;8(2):2249-2258
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Table 3. Correlations between RANK expression of squamous cell carcinoma and clinicopathological
factors in Han and Kazakh ethnic

Parameters Total RANK expression in Han ethnic Total RANK expression in Kazakh ethnic
Low (%) High (%) P value Low (%) High (%) P value
Gender
Male 82 25 (73.5) 57 (72.2) 0.880 130 64(71.9) 66 (61.7) 0.131
Female 31 9 (26.5) 22 (27.8) 66 25(28.1) 41(38.3)
Age (year)
<65 58 18 (52.9) 40 (50.6) 0.822 135 60(674) 75(70.1) 0.687
> 65 55 16 (47.1) 39 (49.4) 61 29(32.6) 32(29.9)
Differentiation
Well-Moderate 100 30 (88.2) 70 (88.6) 0.955 173 75(84.3) 98 (91.6) 0.113
Poor 13 4 (11.8) 9(11.4) 23 14 (15.7) 9 (8.4)
Invasion depth
T1-T2 58 17 (50.0) 41 (51.9) 0.853 154 73(82.0) 81 (75.7) 0.283
T3-T4 55 17 (50.0) 38 (48.1) 42 16(18.0) 26(24.3
Lymphatic invasion
NO 75 24 (70.6) 51 (64.6) 0.534 90 49(55.1) 41(38.3) 0.019
N1-N3 38 10 (29.4) 28 (35.4) 106 40 (44.9) 66 (61.7)
TNM Staging
I/ 80 28 (82.4) 52 (65.8) 0.076 126 53 (59.6) 73(68.2) 0.207
/v 33 6 (17.6) 27 (34.2) 70 36(40.4) 34(31.8)

Cox proportional hazard regression analysis.
Univariate analysis of 98 enrolled patients
revealed that patients with higher RANK stain-
ing scores had poorer outcomes than those
with lower scores. The median survival time of
patients with lower RANK expression was
33.24 months (range, 1-90 months), whereas
that of patients with RANK overexpression was
only 18.57 months (range, 1-96 months). As
shown in Figure 3, Kaplan-Meier survival analy-
sis showed that ESCC patients with higher
expression of RANK protein had significantly
worse prognosis than ESCC patients with low or
no expression (log-rank test, x> = 11.743, P =
0.001).

Discussion

This study is the first to explore the expression
of RANK in Han and Kazakh ESCC tissues,
LGIN, HGIN, and NETs to further analyze the
correlation between RANK expression and clini-
copathological characteristics. We also investi-
gated the differentiation of RANK levels be-
tween Han and Kazakh ethnic ESCC patients.
Our immunohistochemical results found that
up-regulated RANK expression was detected in
both Han and Kazakh ethnic ESCC tissues com-
pared with NETs. RANK expression was remark-
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ably increased during malignant transforma-
tion from normal epithelium into LGIN and HGIN
tissues in Han ethnic patients. Furthermore,
the increased expression of RANK correlated
with lymph node metastasis in Kazakh ethnic
ESCC patients, and patients with higher levels
of RANK had short overall survival. In summary,
RANK could be a therapeutic target in ESCC
patients.

Many tumor patients will ultimately suffer from
primary tumor metastases to secondary
organs. Solid tumor (lung, prostate, and breast
cancers) metastasis to bone remains a signifi-
cant cause of morbidity with few successful
treatment options. In normal bone, osteoblast
formation and osteoclast resorption are coordi-
nately regulated and maintain dynamic bal-
ance. In the mid-1990s, RANK/RANKL/OPG
pathway revealed a key molecular axis for
osteoclast formation, function, and survival.
This system provided crucial insights into the
regulation of normal physiologic bone remodel-
ing [23, 24]. However, imbalance occurs in the
course of bone metastasis of tumor cells.
Notably, the RANKL/RANK/OPG pathway is
dysregulated in several tumors. A recent study
reported that high RANK expression in primary
breast tumors is associated not only with a high

Int J Clin Exp Pathol 2015;8(2):2249-2258
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Table 4. The different expression pattern of RANK in Han
and Kazakh ethnic ESCC tissue

different metastatic potentials. Our
results showed that RANK expres-

sion was significantly higher in both

Characteristic Total RANK expression P value : s
Low (%) High (%) Han and Kazakh ethnic ESCC tis-
ESCC sues than in normal epithelium.
) Notably, in Han ethnic ESCC tissues,

Kazakh ethnic 196 89 (72.4) 107 (57.5) 0.007* . .

_ although no correlation existed
Han ethnic 113 34 (27.6) 79 (42.5) between the high expression of
NETs RANK in LGIN and HGIN or between
Kazakh ethnic 76 53 (47.3) 23(37.1) 0.193 the LGIN or HGIN and ESCC, the
Han ethnic 98  59(52.7) 39(62.9) overexpression of RANK gradually
No lymph node metastasis increased in the transformation
Kazakh ethnic 90 47 (66.2) 43(45.7) 0.008* from normal epithelium into LGIN,
Han ethnic 75 24(33.8) 51(54.3) HGIN, and invasive ESCC. Thus, in
lymph node metastasis Han ethnic ESCC tissues, RANK cor-
Kazakh ethnic 106 40 (80.0) 66(70.2) 0.205 related with the progression of
Han ethnic 38 10(20.0) 28(29.8) ESCC, and the overexpression of

NETs: Normal esophageal mucosa. *P < 0.05 was considered to indicate a

statistically significant difference.

risk of metastases to the bone or other organs
but also with lymph node involvement [25],
such as in human non-small-cell lung [16],
prostate [18], and renal cell carcinomas [26].
Moreover, recent studies have examined func-
tional RANK expression in cancer cell lines
from human origin (non-small-cell lung cancer
[16], breast and prostate carcinomas [17], and
osteosarcoma [27]). In clinical pathology,
esophageal precancerous lesions may consist
of LGIN, HGIN, and carcinoma in situ [28].
These findings strongly suggest the importance
of RANK protein in ESCC metastasis, which
encouraged us to examine the relationship
between the RANK expression and various clin-
ical features of ESCC to evaluate the potential
of RANK as a therapeutic target in ESCC metas-
tasis. We also deduced that some biological
systems account for the malignancy and devel-
opment of ESCC and that some molecules
could be identified as prognostic biomarkers in
precursor lesions.

Thus, ESCC cells can express RANK and acti-
vate the RANK/RANKL pathway, leading to
lymph node and distant metastases. The high
RANK expression of ESCC cells would then be
associated with tumor progression. To verify
this hypothesis, we selected ESCC patients
from two ethnic groups (Han and Kazakh) in
China. Immunohistochemical analysis showed
that RANK expression was detected in ESCC
tissues, HGIN, LGIN, and NETs, which exhibited
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RANK might represent a late event
in the multistep pathogenesis of
ESCC. Importantly, we also found
that the Han ethnic ESCC patients
with higher levels of RANK had short overall
survival. These data might indicate that upregu-
lation of RANK plays an important role in the
activation and progression of precancerous
lesions in ESCC, suggesting that RANK could
be a potential biomarker for ESCC.

In China, ESCC is one of the most common
malignancies of the digestive system. This can-
cer also ranks sixth in mortality and seventh in
incidence in China with significant variations in
geography, ethnicity, and socio-culture [29].
Han and Kazakh are the two major ethnic
groups in China. ESCC of Kazakhs is character-
ized by a strong tendency toward familial aggre-
gation, high incidence and mortality, and age-
standardized rates of 90 to 150/100,000 [30],
compared with other ethnic populations resid-
ing within Xinjiang, northwest of China. Thus,
the pathogenesis of esophageal cancer in Han
and Kazakh ethnic groups of China should be
compared. Bone and lymph node metastases
are common complications in ESCC patients,
similar to human non-small-cell lung [16], pros-
tate [18, 31], and breast cancer patients [31-
33]. Our current results indicated that the over-
expression of RANK is closely correlated with
lymph node metastases in Kazakh ethnic ESCC
patients. However, in Han ethnic ESCC patients,
no significant correlation existed between the
expression level of RANK and clinicopathologi-
cal characteristics. The statistical results of the
two ethnic groups were inconsistent, which

Int J Clin Exp Pathol 2015;8(2):2249-2258
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Figure 3. Comparison of survival time of low and high RANK
protein expression in esophageal squamous cell carcinoma
patients. Based on the results of immunohistochemical stain-
ing, the Han ethnic patients with ESCC (n = 113) were divided
into high RANK expression (n = 79) and low RANK expression
(n = 34) after resection. Log-rank test revealed that patients in
the low-expression group exhibited significantly better survival

than those in the high-expression group (P = 0.001).

could be attributed to their differences in RANK
levels and/or clinicopathological information.
Further immunostaining analyses demonstrat-
ed that RANK expression is strongly significant
in Han and Kazakh ethnic ESCC patients, as
well as in those without lymph node metasta-
sis. Thus, we deduce the difference in RANK
expression among various ethnic groups. Fur-
ther studies are necessary to clarify the rela-
tionship of RANK expression and the different
ethnic ESCC patients in China.

In conclusions, this study is the first to identify
RANK overexpression as a novel esophageal
cancer marker in both Kazakh and Han ethnic
ESCC patients. The results support the associ-
ation between RANK and ESCC across ethnici-
ties. In summary, RANK could be a therapeutic
target in ESCC patients. Additional studies are
warranted to confirm that the metastatic poten-
tial of ESCC cells was enhanced because of the
disruption of RANK/RANKL interaction. There-
fore, a further prospective study should investi-
gate the expression levels of RANKL and OPG,
as well as their correlation with the metastatic
potential of ESCC in vitro and in vivo.
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