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Abstract
AIM: To assess the prognostic value of serum human 
relaxin 2 (H2 RLN) level in patients with esophageal 
squamous cell carcinoma (ESCC). 

METHODS: From October 1998 to September 2009, 
146 patients with histopathologically confirmed ESCC 
were enrolled in this study. One hundred patients un-
derwent en bloc  esophagectomy, and 46 patients with 
unresectable tumors underwent palliative surgery. 
Five of the 146 patients died of surgical complications. 
Serum levels of H2 RLN were measured by enzyme 
linked immunosorbent assay. The relationship between 
serum H2 RLN level and each of the clinicopathologi-
cal parameters was analyzed using the χ 2 test. Patients 
were classified into two groups according to their H2 
RLN level (< 0.462 ng/mL vs  ≥ 0.462 ng/mL). When 
any analysis cell had fewer than five cases, the Fisher’s 
exact test was used. The statistical difference between 
groups A and B in each clinicopathological category 
was determined by the Student’s t  test (two-tailed) or 
analysis of variance. Survival curves were plotted using 
the Kaplan-Meier method. The statistical difference in 
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survival between the different groups was compared 
using the log-rank test. Survival correlation with the 
prognostic factors was further investigated by mul-
tivariate analysis using the Cox proportional hazards 
model with backward stepwise likelihood ratio.

RESULTS: ESCC patients tended to have significantly 
higher serum H2 RLN concentrations (0.48 ± 0.17 ng/
mL, n  = 141) compared with the healthy control group 
(0.342 ± 0.12 ng/mL, n  = 112). There was a signifi-
cant difference between patients with lymph node 
involvement (0.74 ± 0.15 ng/mL, n  = 90), distant 
metastasis (0.90 ± 0.19 ng/mL, n  = 32) and those 
without lymph node involvement (0.45 ± 0.12 ng/mL, 
n  = 51), and distant metastasis (0.43 ± 0.14 ng/mL, n  
= 109), respectively (P  < 0.01). Patients with high H2 
RLN levels (≥ 0.462 ng/mL) had a poorer prognosis 
than patients with low serum H2 RLN levels (< 0.462 
ng/mL; P  = 0.0056). The H2 RLN level was also corre-
lated with survival and tumor-node-metastasis staging, 
but not with age, tumor size, gender, lymphovascular 
invasion or the histological grade of tumors. Cox re-
gression analysis showed that H2 RLN was an indepen-
dent variable.

CONCLUSION: Serum concentrations of H2 RLN are 
frequently elevated in ESCC patients and are corre-
lated with disease metastasis and survival. Serum con-
centrations of H2 RLN may be an important prognostic 
marker in ESCC patients. 

© 2013 Baishideng. All rights reserved.
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Core tip: Esophageal squamous cell carcinoma (ESCC) 
is one of the most aggressive carcinomas of the gas-
trointestinal tract. Despite improvements in detection, 
surgical resection, and (neo-) adjuvant therapy, the 
overall survival of ESCC patients remains lower than 



RLN in supporting tumor cell growth and metastasis[10]. 
RLN is known to regulate the expression of  a variety 
of  genes, including collagens and matrix metallopro-
teinase (MMP)-1[11], vascular endothelial growth factor[9] 

and cyclooxygenase-2[10]. In addition, the expression and 
catalytic activities of  MMP-1, 2, 3 and 9 are increased by 
RLN[12,13]. Moreover, RLN regulates the complex inter-
actions of  the plasminogen activator and MMPs/tissue 
inhibitors of  MMP systems on the ECM, thus facilitat-
ing tumor cell attachment, migration and invasion. RLN 
has been shown to enhance in vitro invasiveness of  breast 
cancer cells by upregulating the MMP-2, -7, -9, -13 and 
-14[14]. Similarly, adenovirus-mediated expression of  RLN 
promotes the invasive potential of  breast cancer cells[15].

A previous study showed that RLN concentrations in 
cancer patients were significantly higher than in a control 
population of  healthy blood donors and patients with 
various other diseases. There was a significant difference 
between patients with and without metastases. Overall 
survival was shorter in RLN-positive than in RLN-neg-
ative patients. Cox regression analysis showed that RLN 
was not an independent variable, in contrast to metastatic 
disease and primary lymph node involvement. 

In this study, we measured the serum levels of  hu-
man relaxin 2 (H2 RLN) in ESCC patients and healthy 
controls using an enzyme linked immunosorbent assay 
(ELISA), and analyzed the association between clinical 
parameters of  ESCC and serum H2 RLN levels.

MATERIALS AND METHODS
Ethics statement
This study was approved by the Medical Ethics Commit-
tee of  the Cancer Center at Tianjin University.

Clinical specimen collection and preparation
From October 1998 to October 2009, 146 consecutive 
patients with histopathologically proven ESCC were en-
rolled in this study. The average age was 62.7 ± 11.3 years, 
and the male: female ratio was 40:3 (male 136, female 
10). Tumor stage was classified according to the TNM 
system[16]. Extensive preoperative examinations including 
esophagoscopy with biopsy, esophagogram, chest radi-
ography, sonograms of  abdomen and neck, computed 
tomography of  the chest, and radionuclide bone scan-
ning were performed to determine the need for surgery. 
Patients with resectable tumor (n = 100) underwent en 
bloc esophagectomy with locoregional lymphadenectomy 
through a right thoracotomy, laparotomy with reconstruc-
tion using the stomach through a retrosternal route, and 
cervical esophagogastrostomy. For patients at stage Ⅱb 
or beyond, concurrent chemoradiotherapy was adminis-
tered after surgery. Patients with unresectable tumor (n = 
46) received chemoradiotherapy after the installation of  a 
feeding jejunostomy or bypass procedure. None of  these 
patients received neoadjuvant therapy. After treatment, all 
patients were followed regularly. Five patients died of  car-
diopulmonary or chronic obstructive pulmonary disease 
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that of patients with other solid tumors due to distant 
metastasis. Therefore, it is important to detect disease 
progression and metastasis as early as possible to im-
prove timely treatment and improve survival. In this 
study, the authors assessed the prognostic value of 
serum human relaxin 2 (H2 RLN) level in patients with 
ESCC, and found that serum concentrations of H2 RLN 
were elevated in ESCC patients and were correlated 
with disease metastasis and survival. Serum concen-
trations of H2 RLN may be an important prognostic 
marker in ESCC patients.

Ren P, Yu ZT, Xiu L, Wang M, Liu HM. Elevated serum levels of 
human relaxin-2 in patients with esophageal squamous cell car-
cinoma. World J Gastroenterol 2013; 19(15): 2412-2418  Avail-
able from: URL: http://www.wjgnet.com/1007-9327/full/v19/
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INTRODUCTION
Esophageal squamous cell carcinoma (ESCC) is one of  
the most aggressive carcinomas of  the gastrointestinal 
tract. Despite improvements in detection, surgical resec-
tion, and (neo-) adjuvant therapy, the overall survival of  
ESCC patients remains lower than that of  patients with 
other solid tumors due to distant metastasis[1-4]. There-
fore, it is important to detect disease progression and me-
tastasis as early as possible to improve timely treatment 
and improve survival.

Several recent studies have shown that tumor-node-
metastasis (TNM) stage and the number of  diseased 
lymph nodes are two important factors associated with 
the prognosis of  ESCC[2-4]. Although these two factors 
can only be assessed during surgery, they are not applica-
ble for monitoring disease advancement and the potential 
of  metastasis. On the other hand, serum biomarkers are 
often associated with the biological behavior of  cancer 
cells. The prognostic measure of  a serum biomarker that 
can reflect the concerted interaction between the tumor 
and the host immune system may provide scientific in-
sight to improve the therapeutic strategy. However, there 
are few serum biomarkers that can be used as comple-
mentary prognostic factors for patients with ESCC.

Relaxin (RLN) is a short circulating peptide hormone. 
Two highly homologous genes on human chromosome 9 
encode relaxin gene 1 (RLN1) and relaxin gene 2 (RLN2) 
peptides with a predicted 82% identity at the amino acid 
level[5,6]. Despite having two peptide-coding genes, RLN1 
and RLN2, the major stored and circulatory form of  
relaxin in humans is RLN2. RLN2 is produced in the 
prostate by males[7] and in the corpus lutea in females[8], 
and RLN1 is a pseudogene, which does not translate into 
a functional peptide in rodents, humans and other non-
human species.

RLN plays an important role in the remodeling of  
extracellular matrix (ECM) in several reproductive tract 
tissues[9]. There is growing evidence that implicates 



complications after surgery and were excluded from the 
prognosis analysis. Serum samples were obtained from 
each patient at the time of  diagnosis. Serum samples from 
112 healthy individuals with equivalent age and sex distri-
bution were used as normal controls. The Medical Ethics 
Committee (Tianjin University) approved the protocol, 
and written informed consent was obtained from each 
healthy individual (normal controls). The healthy individu-
als were negative for hepatitis B virus, hepatitis C virus, 
and human immunodeficiency virus. Abdominal and 
breast (female) ultrasound examination, chest X-ray, rou-
tine blood tests, and biochemistry tests were performed 
for the healthy controls, and the results were within nor-
mal ranges. After centrifugation of  the peripheral blood, 
serum samples were stored at -20 ℃ until assayed.  

ELISA assays
The serum level of  H2 RLN was measured with a com-
mercially available ELISA kit (Santa Cruz, Shanghai, China) 
following the manufacturers’ instructions. Briefly, 96-well 
ELISA microplates were coated overnight with 100 μL 
H2 RLN antibody (Santa Cruz, Shanghai, China) at a final 
concentration of  0.25 mg/L in phosphate buffered saline 
(PBS). After washing with PBS/0.05% (w/v) Tween-20 
(PBST, pH 7.4), the wells were blocked with blocking buf-
fer at room temperature for 1 h. Then, 100 μL diluted 
serum samples (at 1:30 dilution) were added and incubated 
at room temperature for 2 h. Similarly, 100 μL PBS with 
0.04% Tween 80 (PBST), PBST lacking antibody was used 
as a negative control. Following three washes with PBST, 
100 μL antibody diluted to a concentration of  0.25 mg/L 
was added. After incubation at room temperature for 2 h, 
100 μL avidin-horseradish peroxidase conjugated second-
ary antibody (at 1:2000 dilution) was added, and the plates 
were incubated at room temperature for 30 min. Excess 
conjugate was removed by washing the plates three times 
with PBST. The amount of  bound conjugate was deter-
mined by adding phosphate buffer and 3-ethylbenzothi-
azoline-6-sulfonic acid. Liquid substrate solution to each 
well, and plates were incubated at room temperature for 
color development. The absorbance was measured at 405 
nm using a Model 680 microplate reader (Bio-Rad Lab. 
Inc., Hercules, CA, United States). All analyses were per-
formed in triplicate. The coefficient of  variation was lower 
than 15% between analyses. Concentrations of  H2 RLN 
were presented in ng/mL. Patients were classified into two 
groups according to their H2 RLN level (< 0.462 ng/mL 
vs ≥ 0.462 ng/mL).

Statistical analysis
The results were expressed as mean ± SD. The relation-
ship between serum H2 RLN level and each of  the 
clinicopathological parameters (age, size, lymph node in-
volvement, distant metastasis, cell differentiation, lympho-
vascular invasion, and tumor stage) was analyzed using the 
χ 2 test. When any analysis cell had fewer than five cases, 
Fisher’s exact test was used. The statistical difference be-
tween groups A and B in each clinicopathological category 

was determined by Student’s t test (two-tailed) or analysis 
of  variance. Survival curves were plotted using the Ka-
plan-Meier method. The statistical difference in survival 
between the different groups was compared using the log-
rank test. Survival correlation with the prognostic factors 
was further investigated by multivariate analysis using the 
Cox proportional hazards model with backward stepwise 
likelihood ratio. Statistical analysis was performed using 
SPSS statistical software (Chicago, IL, United States). Sta-
tistical significance was assumed for P < 0.05. 

RESULTS
Serum H2 RLN level and clinicopathological features in 
ESCC patients 
Serum H2 RLN was 0.342 ± 0.12 ng/mL in normal 
healthy controls (range, 0.26-0.41 ng/mL; n = 112) and 
was significantly higher in patients with ESCC (0.48 ± 
0.17 ng/mL; range, 0.43-0.58 ng/mL, n = 141; P < 0.05). 
This was above the normal range in 69.5% (98 of  141) 
of  ESCC patients before surgery, and 30.5% (43 of  141) 
of  these patients had levels < 0.462 ng/mL, the mean 
plus 1 SD as determined from the control. Using 0.462 
ng/mL as the cutoff  value, these ESCC patients were 
then divided into group A (n = 43) as those with the 
lower level (< 0.462 ng/mL; mean, 0.45 ng/mL; range, 
0.164-0.618 ng/mL) and group B (n = 98) as those with 
the higher level (> 0.462 ng/mL; mean, 0.71 ng/mL; 
range, 0.624-0.93 ng/mL). Of  the 146 ESCC patients, 
136 male patients had a serum H2 RLN level ranging 
from 0.26-0.40 ng/mL and 10 female patients had a se-
rum H2 RLN level ranging from 0.253-0.41 ng/mL. χ 2 
analysis showed that the preoperative serum H2 RLN 
levels correlated well with lymph node involvement (N 
status) and distant metastasis (M status, Table 1). Higher 
H2 RLN levels were related to disease progression (Table 
2). Serum levels of  H2 RLN were significantly higher in 
patients with lymph node metastasis or distant metastasis 
than in those without lymph node involvement or distant 
metastasis. No relationship was found between gender 
and H2 RLN levels. However, although the patients were 
grouped by their histopathological findings (pathological 
grade or lymphovascular invasion), no more differences 
were found in their serum H2 RLN levels (Tables 1 and 2). 
Although ESCC was most often found in male patients, 
there were only a limited number of  female patients (n 
= 10), and we were unable to study the correlations be-
tween H2 RLN levels and sex hormones (ER, PR and 
Her-2).

Correlation of serum H2 RLN level with the prognosis of 
ESCC patients 
The associations between median serum H2 RLN levels 
and clinicopathological parameters are presented in Table 
2. H2 RLN levels were not associated with age, tumor 
size and gender (data not shown), cell differentiation, lym-
phovascular invasion and tumor status, however, elevated 
median H2 RLN levels were significant for patients with 
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assessed. No significant difference in age, gender, tumor 
size (data not shown), tumor status, lymphovascular inva-
sion and cell differentiation was found between the two 
groups; however, patients with lymph node metastasis, 
distant metastasis and higher clinical stage were more fre-
quently observed in the elevated H2 RLN group (≥ 0.462 
ng/mL) than in the non-elevated H2 RLN group (< 0.462 
ng/mL). The overall cumulative survival rates of  our pa-
tients were 42.4% at 2 years and 18.2% at 5 years. In view 
of  the serum H2 RLN level, group A patients seemed to 
have a much worse prognosis than group B patients (P = 
0.018; Figure 1). Figures 2 and 3 show the comparison of  
survival time between different disease stages. The cumula-
tive 2-year survival rate for group A patients was 27.3% 
and for group B patients was 48.2%. The median survival 
for group A was 7.8 mo, and for group B was 22.4 mo. 
Among patients who had persistently high H2 RLN levels 
or a marked increase in H2 RLN level within a short in-
terval (1-6 mo) after esophagectomy, distant metastasis of  
cancer was frequently found. On the other hand, patients 
with a low preoperative level of  H2 RLN or H2 RLN 
levels which decreased after esophagectomy could remain 
disease-free for 12-23 mo. As previously mentioned, the 
depth of  tumor invasion, lymph node metastasis, distant 
nodal or organ metastasis correlated well with H2 RLN 
level. 

Further univariate and multivariate analyses also 
showed these parameters to be independent factors for 
patient survival (lymph node metastasis, P < 0.001; distant 

distant metastasis and lymph node involvement (P < 
0.05). We also noted that the median levels of  H2 RLN 
significantly increased with increasing T classification (P 
< 0.05) of  the malignancy. Next, patients were classified 
into two groups according to their H2 RLN level (< 0.462 
ng/mL vs ≥ 0.462 ng/mL); the relationships between 
H2 RLN levels and clinicopathological parameters were 

  Clinicopathological factors
Groups1

P  value2

A (n) B (n)
  Age (yr) 0.144
     < 65 (n = 72) 21 51
     ≥ 65 (n = 69) 22 47
  Tumor status 0.089
     T1 (n = 16)   2 14
     T2 (n = 14)   4 10
     T3 (n = 75) 24 51
     T4 (n = 36) 13 23
  Lymph node involvement 0.003
     Positive (n = 90) 32 58
     Negative (n = 51) 11 40
  Distant metastasis 0.027
     Positive (n = 32) 21 11
     Negative (n = 109) 22 87
  Lymphovascular invasion 0.186
     Positive (n = 42) 18 24
     Negative (n = 99) 25 74
  Stage (TNM) 0.035
     Ⅰ (n = 17)   7 10
     Ⅱ (n = 37)   8 29
     Ⅲ (n = 53) 10 43
     Ⅳ (n = 34) 18 16
  Cell differentiation 0.267
     Well (n = 23)   9 14
     Moderate (n = 90) 23 56
     Poor (n = 28)   9 19

Table 1  Relationship between serum levels of human relaxin 
2 and clinicopathological factors

1Patients were grouped by preoperative serum levels of human relaxin 2 
(H2 RLN). In group B (n = 43), serum H2 RLN levels were ≥ 0.462 ng/mL, 
and in group A (n = 98), H2 RLN levels were 0.462 ng/mL; 2P values were 
determined by χ 2 test. TNM: Tumor-node-metastasis.

  Category H2 RLN (ng/mL) P  value

  Normal control (n = 112) 0.34 ± 0.12 0.0261

  ESCC (n = 141) 0.48 ± 0.17
  Tumor status 0.1422

     T1 (n = 16) 0.32 ± 0.08
     T2 (n = 14) 0.53 ± 0.13
     T3 (n = 75) 0.49 ± 0.16
     T4 (n = 36) 0.47 ± 0.19
  Lymph node involvement 0.0141

     Positive (n = 90) 0.74 ± 0.15
     Negative (n = 51) 0.45 ± 0.12
  Distant metastasis 0.0161

     Positive (n = 32) 0.90 ± 0.19
     Negative (n = 109) 0.43 ± 0.14
 Lymphovascular invasion 0.3422

     Positive (n = 42) 0.51 ± 0.18
     Negative (n = 99) 0.46 ± 0.16
  Stage (TNM) 0.0022

     Ⅰ (n = 17) 0.42 ± 0.09
     Ⅱ (n = 37) 0.46 ± 0.12
     Ⅲ (n = 53) 0.47 ± 0.14
     Ⅳ (n = 34) 0.82 ± 0.23
  Cell differentiation 0.5421

     Well (n = 23) 0.46 ± 0.21
     Moderate (n = 90) 0.48 ± 0.13
     Poor (n = 28) 0.52 ± 0.12

Table 2  Levels of serum human relaxin 2 in patients with  
esophageal squamous cell carcinoma

P value was determined by: 1Student’s t test (two-tailed) or 2one way 
analysis of variance test. ESCC: Esophageal squamous cell carcinoma; 
H2 RLN: Human relaxin 2; TNM: Tumor-node-metastasis.
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Figure 1  Survival of patients with esophageal squamous cell carcinoma 
in relation to their serum human relaxin 2 levels. The cutoff value of serum 
human relaxin 2 (H2 RLN) concentration for dividing patients into groups A and 
B was defined as 0. 462 ng/mL which represents the mean plus 1 SD measured 
from the healthy control subjects. Survival analysis between group A (H2 RLN, 
≥ 0.462 ng/mL) and group B (H2 RLN, < 0.462 ng/mL) was assessed using 
the Kaplan-Meier method, and the survival difference between the groups was 
compared using the log rank test (P = 0.018).
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organ metastasis, P < 0.001; H2 RLN, P < 0.05 (Table 3).

DISCUSSION
Identification of  targets for early detection of  ESCC 
is important to improve the prognosis of  patients with 
this pernicious disease. Currently, carcinoembryonic an-
tigen[17], cytokeratin-19 fragments[18], and squamous cell 
carcinoma-associated antigen[18], are routinely used as 
serum markers for the detection of  ESCC. Due to the 
low sensitivity and specificity of  detection of  these mark-
ers[19], additional serum markers must be established for 
early detection and diagnosis of  ESCC.

It has been previously shown that the polypeptide 

hormone relaxin is expressed exclusively in human breast 
cancer[20], and relaxin confers increased carcinoma cell 
growth, motility, adhesion and in vitro invasiveness in hu-
man breast cancer cells[14,21]. Furthermore, adenoviral-me-
diated delivery of  the prorelaxin 2 gene increases the in-
vasiveness of  canine breast cancer cells[10]. It was reported 

  Characteristic
Univariate analysis Multivariate analysis

HR 95%CI P  value1 HR 95%CI P  value1

  Age (yr)
     < 65 vs ≥ 65 1.321 0.864-1.743    0.185 1.268 0.747-1.826 0.174
  Gender
     Male vs female 0.942 0.621-1.563    0.342 0.852 0.732-1.472 0.296
  Lymph node involvement
     Yes vs no 2.136 1.142-2.687 < 0.001 2.830 1.384-2.982 0.001
  Distant metastasis
     Yes vs no 3.784 2.543-5.894 < 0.001 3.549 1.302-3.108 0.001
  pTNM
    Ⅰ-Ⅱ vs Ⅲ-Ⅳ 3.120 2.148-5.143 < 0.001 1.632 1.130-2.740 0.028
  Lymphovascular invasion
     Yes vs no 1.121 0.765-1.574    0.129 1.290 0.862-1.420 0.172
  H2 RLN level
     < 0.462 ng/mL vs ≥ 0.462 ng/mL 2.469 1.362-2.836    0.015 2.530 1.424-2.732 0.003

Table 3  Univariate and multivariate survival analysis in patients with  esophageal squamous cell carcinoma

1Cox hazard regression model. HR: Hazard ratio; TNM: Tumor-node-metastasis; H2 RLN: Human relaxin 2.
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Figure 2  Comparison of overall survival between different disease stages. 
We also analyzed the prognostic value of human relaxin 2 (H2 RLN) levels in 
selected patient subgroups stratified according to disease stage. Esophageal 
squamous cell carcinoma patients with elevated H2 RLN levels had a significantly 
shorter overall survival rate compared to patients with non-elevated H2 RLN 
levels in the clinical stage Ⅰ-Ⅱ subgroup (n = 54; log-rank P < 0.001; Figure 3A), 
and the clinical stage Ⅲ-Ⅳ subgroup (n = 87; log-rank P < 0.001; Figure 3B).
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Figure 3  Overall survival curves for patients with esophageal squamous 
cell carcinoma after curative resection. The patients were categorized with 
elevated (≥ 0.462 ng/mL) or non-elevated (< 0.462 ng/mL) levels of relaxin. 
P values were determined using the log rank test. A: Clinical stage Ⅰ-Ⅱ sub-
group; B: Clinical stage Ⅲ-Ⅳ subgroup.
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that serum RLN concentrations were significantly higher 
in breast cancer patients than in a control population of  
healthy blood donors[22]. Notably, serum RLN levels were 
higher in patients with metastatic disease compared to 
those without known metastases[22].

Immunostaining with antibodies to human relaxin 
(H2) suggests the presence of  a relaxin-like peptide in the 
gastrointestinal tract and its tumors[23]. In our preliminary 
experiment, we found that H2 RLN was overexpressed 
in ESCC tissues using an immunohistochemistry assay 
(data not shown). In this study, we evaluated the H2 RLN 
serum concentrations in ESCC patients. Our results dem-
onstrate that median H2 RLN serum concentrations in 
a population of  ESCC patients were significantly higher 
than those in a control group of  healthy blood donors. 
H2 RLN concentrations were particularly elevated in pa-
tients with lymph node metastasis and distant metastasis. 
However, no significant differences were found in the 
serum levels of  H2 RLN in ESCC patients according to 
different histological tumor grades, age, tumor size and 
tumor status. Thus, H2 RLN concentration may be a suit-
able routine serum marker for the detection of  metastatic 
disease in ESCC. Because our study involved a relatively 
small number of  ESCC patients and the sensitivity and 
specificity of  our assay which measured serum H2 RLN 
were not sufficiently high, further confirmation of  these 
findings in a larger sample size is warranted.

Evaluation of  survival data showed that survival was 
significantly shorter in patients with H2 RLN concentra-
tions > 0.462 ng/mL, and high H2 RLN concentrations 
predicted a poor prognosis in patients with ESCC, espe-
cially in those presenting with distant and lymph node 
metastasis. H2 RLN was not an independent variable in 
ESCC. However, in breast cancer[22], although elevated 
RLN serum concentrations were a significant discrimina-
tor between metastatic and non-metastatic patients, the 
predictive power of  individual RLN values in the inves-
tigated population was rather low, as there was a broad 
overlap of  concentrations in the two groups with or 
without metastases, suggesting cell type-specific effects 
of  RLN.

In conclusion, we found that serum H2 RLN levels 
were increased in ESCC patients and correlated positively 
with TNM stage and both lymph node and distant metas-
tasis, but not with gender, tumor size or the histological 
grade of  ESCC. H2 RLN was an independent variable in 
ESCC. Examining and monitoring serum H2 RLN levels 
may be useful in estimating the prognosis of  patients 
with ESCC.
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