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BIOMEDICAL SCIENCE IN BRIEF

Serum relaxin-2 as a novel biomarker for prostate cancer
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Prostate cancer is a common neoplasia in men and its 
incidence continues to rise in many countries. Some 
patients never experience symptoms or disease pro-
gression, whereas others will have a rapid progression 
to a life-threatening disease [1]. Prostate-specific antigen 
(PSA) testing has revolutionarily improved early prostate 
cancer detection [2]. The PSA level at diagnosis is asso-
ciated with tumour volume, stage and Gleason grade, 
and in combination with other factors can risk-stratify 
patients upon diagnosis [3]. However, the use of PSA has 
resulted in significant prostate cancer over-diagnosis [4], 
since elevated levels are often detected in non-malignant 
conditions such as benign prostatic hyperplasia (BPH). 
Therefore, there is a need for improved biomarkers.

Relaxin is a short circulating peptide hormone that 
enhances the motility of sperm in semen [5]. Two highly 
homologous genes (RLN1and RLN2), on human chromo-
some 9 encode relaxin-1 and relaxin-2 peptides with 82% 
identity at amino acid level. Relaxin-2 is produced in the 
prostate by males [6] and corpus lutea in females [7]. 
RLN1 is a pseudogene that does not translate a functional 
peptide. Thus, the major stored and circulatory form of 
relaxin in humans is relaxin-2, and so is the only circulat-
ing form of relaxin detected in peripheral blood.

Elevated relaxin-2 serum concentrations are present 
in metastatic breast cancer [8], oesophageal squamous 
cell carcinoma and osteosarcoma, correlate with disease 
metastasis and short survival rate [9,10], and may be a 
clinically useful indicator for diagnostic and prognostic 
evaluation in ovarian cancer [11]. A previous study has 
reported that relaxin mRNA expression is significantly 
higher in recurrent and low-grade prostatic intraepithe-
lial neoplasia lesions prostate cancer samples [12], but 
a role for circulating relaxin-2 has not been reported. In 
the present study, we hypothesized increased serum 
relaxin-2 in prostate cancer that is linked to tumour 
pathology and outcome.

We prospectively recruited 131 consecutive patients 
with prostatic adenocarcinoma who were diagnosed 

and treated at the central hospital of Linyi, Yishui, China. 
Clinical data were extracted from medical records by 
study personnel. Operative and pathology reports are 
obtained by study personnel from the office of the diag-
nosing physician. From these reports, prostate cancer 
stage, grade, histologic type, size of tumour and extent 
of surgical treatment were verified. All patients were 
staged by digital rectal examinations and transrectal 
ultrasound for local disease and by bone scanning and 
CT of the abdomen and pelvis for metastatic disease 
according to the 2002 American Joint Committee on 
Cancer (AJCC) TNM classification criteria. All patients had 
histopathological confirmation of the diagnosis of pros-
tate cancer based on examination of tissues obtained by 
TRUS-guided prostate biopsy or by TURP. The histologic 
grade of the tumour was determined using the Gleason’s 
system. Of the 131 patients, 75 had clinically localized 
prostate cancer and were treated by retropubic radical 
prostatectomy (RP). The remaining 56 were diagnosed 
with locally advanced (n  =  24) or metastatic prostate 
cancer (n = 32). The metastatic disease included lymph 
node metastases in 12 patients, distant metastases to 
bone in 21 and to the liver in 2. All 56 patients received 
androgen-deprivation therapy (ADT) as the sole treat-
ment – chemical [i.e. luteinizing hormone-releasing 
hormone (LHRH) agonists plus antiandrogen agents] in 
31 and surgical (i.e. bilateral orchidectomy plus antian-
drogen agents) in the remaining 25. No patient had evi-
dence of active infection or inflammatory disease, and 
none were treated before collecting blood samples. We 
included two control groups: 66 normal healthy men and 
48 men with BPH.

Blood samples were prospectively collected from 
prostate cancer patients on the morning of the sched-
uled day of RP or on the morning of the starting day of 
ADT after a pre-treatment overnight fast. For patients 
who underwent TRUS-guided needle biopsy of the pros-
tate, the blood samples were drawn at least 4 weeks after 
the biopsy. The blood samples from 66 normal healthy 
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p = 0.143). Levels of PSA in prostate cancer group, BPH 
group and healthy control group were 26 (1–284) ng/
ml, 4 (0.8–48) ng/ml and 3 (0.7–36) ng/ml, respectively 
(overall, p < 0.001: prostate cancer vs. BPH, p = 0.0013; 
prostate cancer vs. healthy, p = 0.0028; BPH vs. control, 
p = 0.287). Relaxin-2 failed to correlate significantly with 
age or PSA level (r = 0.03, p = 0.426 and r = 0.14, p = 0.073, 
respectively).

Associations between serum relaxin-2 and clinico-
pathological characteristics showed that serum relaxin-2 
was linked to perineural invasion (p  <  0.001), distant 
metastasis (p  =  0.001) and biochemical recurrence 
(p  <  0.001). However, no significant association was 
observed between serum relaxin-2 and Gleason score 
(p = 0.124), extra-prostatic capsule extension (p = 0.837), 
surgical margin status (p = 0.132), seminal vesicle inva-
sion (p = 0.547), lymph node metastases (p = 0.336) and 
tumour stage (p  =  0.447). PSA was linked to tumour 
stage (p = 0.001), lymph node metastases (p = 0.014), 
distant metastasis (p  <  0.001) and biochemical recur-
rence (p  =  0.003). However, no significant association 
was observed between PSA and surgical margin status 
(p = 0.294), distant metastasis (p = 0.173), biochemical 
recurrence (p = 0.076) and Gleason score (p = 0.254).

To access whether relaxin-2 can be used as diagnostic 
biomarker for prostate cancer, we measured the sensitiv-
ity and specificity using receiver operating characteristic 
(ROC) curve analysis. The relaxin-2 had most accurate dis-
crimination (AUC = 0.81, 95% CI: 0.70–0.92, p = 0.0014) of 
cancer patients and BPH control subjects (Figure 1). At the 
optimal cut-off values of 0.4 ng/ml, sensitivity was 80.4% 
and specificity was 70.8%. Relaxin-2 outperformed PSA 
serum levels (AUC = 0.71, 95% CI: 0.61–0.85, p = 0.012) 
with 74.3% sensitivity and 51.4% specificity at a cut-off 
value of 10 ng/mL (Figure 1). When combining relaxin-2 
and PSA as prostate cancer predictors, diagnostic effi-
ciency was not improvement compared to the relaxin-2 
alone, with the AUC = 0.83, 95% CI: 0.71–0.93, p = 0.0012, 
sensitivity 86.2%, specificity 88.3% and diagnostic accu-
racy 91.2% (Figure 1).

The median follow-up period was 45 months (range, 
12–148  months). In Kaplan–Meier log-rank test analy-
sis, the patients with relaxin-2 levels  ≥  0.4  ng/ml had 
shorter OS (p = 0.004) (Figure 2) and DFS (p = 0.003) than 
those with levels < 0.4 ng/ml. Cox proportional hazard 
model confirmed that relaxin-2 (for OS: RR 5.32, 95% CI, 
1.38–12.6, p = 0.014; for DFS: RR 5.54, 95% CI, 1.33–11.83, 
p  =  0.013) was an independent prognostic factor for 
unfavourable survival.

Despite recent advances in treatment and diagnosis, 
prostate cancer remains the second leading cause of 
cancer-related deaths among men. Detecting prostate 
cancer at earlier curable stages has been facilitated by 
the measurement of the PSA in serum. Traditionally, PSA 
values > 4 ng/mL trigger a suspicion for prostate cancer. 
Men with serum PSA > 10 ng/mL have an increased risk 

men were also drawn on the morning of the scheduled 
day of visiting after an overnight fast. The samples were 
collected into evacuated tubes, serum was separated 
within 1  h of blood collection after centrifuging at 
3000 rpm for 10 min at room temperature and stored 
immediately at −80 °C until analysis. Studies were per-
formed after receiving approval from the central hospital 
of Linyi, Yishui, China. All patients and healthy control 
gave full written consent for their samples to be stored 
and used for research.

ELISA kits for total serum PSA and relaxin-2 were 
purchased from ALPCO Diagnostics (Shanghai, China). 
Detection limits are > 1 pg/mL for PSA and 0.05 ng/mL 
for relaxin-2. The intra-assay and inter-assay coefficients 
of variation were 3.5% and 2.8%, respectively. All data 
with a normal distribution was presented as mean ± SD. 
For non-normal distribution, the data were presented as 
median/IQR (range). Chi-square test or Fisher’s exact test 
were performed to determine the relationship between 
serum relaxin-2 and clinicopathological parameters. 
Mann–Whitney U test or the Kruskal–Wallis with Dunn’s 
tests were used to investigate inter-group differences. 
The Pearson correlation test was applied to evaluate 
possible correlations between the serum relaxin-2 and 
PSA. Receiver operating curve (ROC) analysis was per-
formed for evaluation of specificity and sensitivity of 
serum relaxin-2 and PSA levels for discriminating pros-
tate cancer patients from controls. Diagnostic accuracy 
for combination of biomarkers was also determined 
by calculating weight coefficients for every biomarker 
obtaining the largest possible area under the curve (AUC) 
in ROC analysis. Overall, survival (OS) was calculated as 
the interval between surgery and death or last clinical 
evaluation. Disease-free survival (DFS) was measured 
from the time of surgery to initial tumour relapse (local 
recurrence or distant) or death from any cause. Kaplan–
Meier curves of DFS and OS were compared by the log-
rank test. Statistical analyses were performed with the 
Statistical Package for the Social Sciences (SPSS, 13.0). 
p-values < 0.05 were considered statistically significant.

The groups were matched for age: 68.4 ± 6.7 years 
in patients with prostate cancer, 68.8 ± 7.4 in BPH and 
67.3  ±  8.4 in healthy controls (p  =  0.214). All tumours 
were acinar-type adenocarcinoma: Gleason score  ≤  7 
was present in 72 cases, >7 in 59 cases. Extra-prostatic 
capsule extension was present in 39, a positive surgical 
margin in 30, lymphovascular invasion in 12, perineu-
ral invasion in 67, seminal vesicle invasion in 14, clin-
ically localized disease in 75, locally advanced disease  
in 24, lymph node metastases in 12 and distant  
metastasis in 23.

Levels of relaxin-2 in prostate cancer group, BPH group 
and healthy control groups were 2.0 (0.2–3.7) ng/ml, 0.4 
(0.3–0.7) ng/ml and 0.4 (0.2–0.6) ng/ml, respectively 
(overall, p  <  0.001: prostate cancer vs. BPH, p  =  0.004; 
prostate cancer vs. healthy, p = 0.0012; BPH vs. control, 



BRITISH JOURNAL OF BIOMEDICAL SCIENCE﻿    147

Figure 1.  Diagnostic outcomes of serum relaxin-2 in the diagnosis of prostate cancer. ROC curve for serum relaxin-2, PSA and 
relaxin-2/PSA for patients with prostate cancer vs. BPH.

Figure 2. Kaplan–Meier survival analysis of serum relaxin-2 in 131 patients of prostate cancer (log-rank test). Relationship of serum 
relaxin-2 and patient overall survival (P = 0.004).
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discriminate prostate cancer patients from healthy or 
BPH controls, so may represent a novel prognostic and 
diagnostic markers for prostate cancer.
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of non-organ-confined prostate cancer. However, only 
30% of men with serum PSA levels between 4 and 10 
are diagnosed with prostate cancer and up to 15% of 
patients with PSA values < 4 ng/mL carry the diagnosis 
[13]. In some cases of poorly differentiated disease, PSA 
levels are not significantly elevated. PSA is an imperfect 
marker for prostate cancer and that additional diagnostic 
and prognostic tools are needed. In the present study, we 
found that serum relaxin-2 is significantly higher levels in 
prostate cancer patients compared to BPH and healthy 
subjects. Hence, detection of serum relaxin-2 might be 
used to refine the PSA test to better determine the risk 
or prognosis of prostate cancer

It has demonstrated that PSA does not distinguish 
between stages of prostate cancer and, significantly, 
does not identify metastatic prostate cancer with the 
sensitivity and specificity required to make accurate 
therapeutic decisions [14]. It is now evident that the PSA 
test produces unacceptably high rates of false positive 
results and is not prognostic. We found that high serum 
relaxin-2 was associated with perineural invasion, dis-
tant metastasis and biochemical recurrence. In addition, 
serum relaxin-2 has higher accurate discrimination of 
cancer patients and BPH controls compared to the PSA, 
suggesting that relaxin-2 could be the better diagnostic 
biomarker for prostate cancer.

However, because of the limitation of small sample 
size, such as lymphovascular invasion, seminal vesicle 
invasion, lymph node metastases, the possible false neg-
ative in using relaxin-2 to diagnose prostate cancer may 
exist. Moreover, because records were not maintained for 
the purpose of research, there was missing information 
related to few variables in standard record maintained by 
hospital. No conclusive finding could be obtained about 
certain risk factors because of small sample in one of 
the comparison groups that rendered statistical analysis 
insignificant. Therefore, large sample size would be used 
in the future study.

The PSA test is currently the best biomarker for pros-
tate cancer recurrence and it has undoubtedly been 
partly responsible for the increased awareness of this 
disease. However, no study to date has proven that 
screening with PSA reduces prostate cancer mortality. 
Our study reveals that high serum relaxin-2 has a short 
survival and bad prognosis for patients with prostate 
cancer.

This work represents an advance in biomedical 
science because it shows that serum relaxin-2 could 
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