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Abstract: Cancer is a global and growing problem. Nodal, which has been showed to be involved in occurrence
and development of cancers, is an important embryonic morphogen. The aim of this study was to evaluate the
significance of Nodal expression in human cancers based on the published related articles. Online databases were
searched to retrieve relevant articles published between 2000 and 2015. The odds ratio (OR) with its 95% confident
intervals (Cl) were employed to calculate the strength of significance. Finally, a total of 11 articles were screened
out, including 801 cancer patients and 372 healthy controls. Nine kinds of cancers were contained, and Nodal
was detected in 56.7% of all participants (665/1173). Overall, our result found that Nodal was highly expressed in
cancer patients than that in healthy controls, indicating that Nodal expression was significantly associated with can-
cers progression (OR=21.72, 95% Cl=9.94-47.46, P<0.00001). Subgroup analysis showed that Nodal expression
was significantly corrected with high WHO grade of human cancers (llI+1V versus I+1l: OR=2.46, 95% CI=1.63-3.71,
P<0.00001). This significant relationship was also found in tumor size, differentiation degree, not observed in gen-
der, age and lymphatic metastasis status of patients with all studied cancers in this meta-analysis. In conclusion,
our results demonstrated that Nodal might be implicated in cancer progression, suggesting that it was a potential
biomarker and therapeutic target for cancers.
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Introduction [B]. Although considerable progress and impro-

vement such as immunotherapy [7], radiothera-

Cancer, the first and the second leading cause
of death in economically developed and devel-
oping countries respectively, is a major public
health problem in many parts of the world [1].
Its occurrence is increasing because of the
growth and aging of the population, and the
increasing prevalence of established risk fac-
tors such as overweight, smoking, and physical
inactivity [2-4]. According to GLOBOCAN esti-
mates, about 14.1 million new cancer cases
and 8.2 million cancer deaths are estimated to
have occurred in 2012 [5]. A population-based
study suggests that more than 20 million peo-
ple will be diagnosed with cancer every year by
2030, with more than 13 million cancer deaths

py [8], and anticancer drugs [9] have been
made in cancer treatment strategies, the 5-year
relative survival rate still remains low [10], with
68% in the United States between 2004 and
2010 [11]; 66.3% in Korean between 2007 and
2011 [12]; and 30.9% in China between 2003
and 2005 [13] for all sites combined in both
sexes. Moreover, most cancers were confirmed
at their late-stages, and the recurrence rate
after the surgery was high [14]. Thus, finding a
more effective biological biomarker which can
predict the prognosis, reduce the recurrence
and metastasis rates, and play a role in medical
treatment of malignant tumor has become an
international difficult problem.
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Figure 1. Flow chart for the selection of included articles.

Cancer cells can motivate normally dormant
embryonic pathways to induce tumorigenesis
and metastasis. Nodal, belongs to the trans-
forming growth factor- (TGF-B) superfamily, is
an embryonic morphogen [15]. In humans,
Nodal is largely restricted expressed in embry-
onic tissues and reproductive cell types, and is
not detectable in most normal adult tissues
[16, 17]. However, recent studies have demon-
strated that Nodal expression is re-emerged
during cancer progression [18], and is correct-
ed with increased tumourigenesis, invasion
and metastasis [19]. Evidences from previous
researches have shown that Nodal could serve
as a biomarker for progression and poor prog-
nosis of cancers, and function as a potential
therapeutic target. Chai et al. found that Nodal
might be useful for the diagnosis of malignant
thyroid tumor, and might be related with the
tumorigenesis of thyroid malignancy [20]. Chen
et al. demonstrated that Nodal expression was
associated with aggressive characteristics of
hepatocellular carcinoma, and its aberrant
expression might be a predictive factor of unfa-
vorable prognosis for hepatocellular carcinoma
after surgery [21]. Kong et al. discovered that
high expression of Nodal correlated with
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reduced patient survival in pancreatic cancer
[22]. Strizzi et al. suggested that Nodal was a
potential biomarker for disease progression
and a promising target for anti-Nodal therapy in
breast cancer [23].

Realizing that the results from each single
study might show discrepancy because of the
different populations, ages, tumor stages of
participants present, we conducted this meta-
analysis to comprehensive review all the relat-
ed articles concerning the effect of Nodal
expression in human cancers and to obtain a
relatively reliable result.

Materials and methods
Search strategy

We performed a systematic literature search in
the online databases of Medline, PubMed,
Embase, Cochrane Library databases and CNKI
(Chinese National Knowledge Infrastructure) to
retrieve relevant articles published between
January 2000 and July 2015. The following
MeSH terms: “cancer or carcinoma or neo-
plasm or tumor or malignancy”, “Nodal or
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Table 1. Main characteristics of included studies in this meta-analysis

First author Year Country Sources of participants Sample size
Cases Controls Positive  Total Positive Total

Zhou HJ 2010 China Gastric carcinoma Normal gastric mucosa 46 50 1 20
Xu RR 2011 China Cervical carcinoma Normal cervical epithelium 22 26 2 20
Wang XJ 2012 China Hepatocellular carcinoma Normal liver tissue 59 95 4 20
HuJ 2013 China Bladder urothelial carcinoma Normal bladder mucosa 17 17 0 6
Ji HY 2013 China Gastric carcinoma Normal gastric mucosa 94 135 22 99
Luo HP 2013 China Colorectal cancer Normal colorectal tissues 59 93 17 93
Ouyang ZC 2013 China Lung adenocarcinoma Normal lung tissue 56 80 3 20
Li YK 2014 China Renal cell carcinoma Normal renal tissue 25 25 0 16
Liu P 2014 China Colon adenocarcinoma Normal colon mucosa 97 100 10 23
Zeng FC 2014 China Breast cancer Normal breast epithelium 83 140 8 35
Zhu W 2014 China Prostate carcinoma Normal prostatic tissue 40 40 0 20

”ou

embryonic morphogen”, “expression” and “clin-
ical significance” as well as their combinations
were employed as the searching words. To
obtain more articles, we manually searched the
references of each included studies. Our study
only focused reports that conducted on hu-
mans. The languages were limited to Chinese
and English.

Inclusion and exclusion criteria

Eligible articles should meet the following crite-
ria: 1) evaluating the significance of Nodal
expression in patients with cancers; 2) patients
of each cancer were confirmed by at least two
pathologists, and must be accorded with the
diagnostic standards for a single cancer; 3) the
controls should be healthy participants; 4) the
Nodal-positive expression was determined by
immunohistochemistry (IHC) method; and 5)
the related data were available to extract.

The exclusion criteria were as follow: 1) studies
were reviews or conference papers; 2) dupli-
cated studies from the same authors or labora-
tory; 3) without control group; and 4) data
couldn’t be extracted.

Data extraction

Two of our authors systematically read all relat-
ed articles independently, and then assessed
the quality of selected articles. They should
reach a consensus on each item, and any dis-
agreement was resolved by discussing with a
third expert. The first author, published year,
country, sources of cases and controls, sample
size and number of Nodal-positive expression
were extracted from each included study.
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Statistical analysis

The pooled odds ratio (OR) with its correspond-
ing 95% confidence interval (Cl) were employed
to identify the significance of Nodal expression
on cancer progression. The Z test was used to
estimate the effect with P-value less than 0.05
considering significant. Between-study hetero-
geneity was calculated by the Q test and the I
test. When the effect was assumed to be homo-
geneous (p-value for the Q test more than 0.01
and 12 for the I? test less than 50%), the fixed-
effect model was used; otherwise, the random-
effect model was used when it was on its oppo-
site. The RevMan 5.2 program was used to per-
form all the analysis.

Results
Characteristics of included studies

After applying the inclusion and exclusion crite-
ria, we totally screened out 11 relevant articles,
including 1173 participants (801 cancer pati-
ents and 372 healthy controls). Figure 1 sho-
wed the process of selection. The 11 articles,
which were all conducted in Chinese popula-
tion, contained nine types of cancers (gastric
carcinoma [24, 25], cervical carcinoma [26],
hepatocellular carcinoma [27], bladder urothe-
lial carcinoma [28], colorectal cancer [29, 30],
lung adenocarcinoma [31], renal cell carcinoma
[32], breast cancer [33], prostate carcinoma
[34]). The sample size ranged from 23 to 234.
Nodal expression was all measured by HIC
method, and was detected in 56.7% of all par-
ticipants (665/1173). The main characteristics
of included studies were shown in Table 1.
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Cancer patients  Healthy controls Odds Ratio Odds Ratio

—Study or Subgroup __ Events _ Total Events Total Weight M-H, Random, 95% C| Year M-H, Random.95%Cl
Zhou HJ 46 50 1 20 6.8% 218.50 [22.90, 2084.61) 2010 I
XuRR 22 26 2 20 86% 49.50 [8.12, 301.88] 2011 —_—
Wang XJ 59 95 4 20 11.7% 6.56 [2.03, 21.15]) 2012
Luo HP 59 923 17 93 14.2% 7.76 [3.95, 15.23] 2013 -
Ouyang ZC 56 80 3 20 11.0% 13.22 [3.54, 49.36] 2013
Ji HY 94 135 22 99  14.5% 8.02 [4.41, 14.61] 2013 -
HuJ 17 17 0 6 31% 455.00 [8.15, 25394.29] 2013 - *
Ly 25 25 0 16 3.1% 1683.00 [31.81, 89042.72] 2014 -
LiuP 97 100 10 23 10.5% 42,03 [10.22, 172.88] 2014 —_—
Zeng FC 83 140 8 35 13.3% 4.91[2.08, 11.59] 2014 -
Zhu'W 40 40 0 20 3.1% 3321.00 [63.58, 173474.50] 2014 —+
Total (95% Cl) 801 372 100.0% 21.72 [9.94, 47.46] -
Total events 598 67

Heterogeneity: Tau? = 1.00; Chi® = 37.16, df = 10 (P < 0.0001); I = 73%
Test for overall effect: Z = 7.72 (P < 0.00001)

Figure 2. Meta-analysis of Nodal expression and progres

Hi+1v

1A ) n d d eign

Zhou HJ 3 32 15 18 2.0%
Wang XJ 38 52 21 43 20.6%
Ouyang ZC 17 20 41 60 10.2%
Luo HP 32 46 27 47  27T1%
Zeng FC 45 58 29 54 22.4%
Liu P 35 41 44 59 17.6%
Total (95% CI) 249 281 100.0%
Total events 198 177

Heterogeneity: Chi? = 1.83, df =5 (P = 0.87); I?= 0%
Test for overall effect: Z = 4.29 (P < 0.0001)

Figure 3. Forest plot of the significance of Nodal express

Significance of Nodal expression in cancer de-
velopment and progression

We identified the difference of Nodal expres-
sion in human cancers and related normal tis-
sues. Between-study heterogeneity was ob-
served, and the random-effect model was
used. Overall, we found that Nodal protein was
highly expressed in cancer patients than that in
healthy controls (74.7% versus 18.0%). This
result demonstrated that Nodal expression
was significantly associated with the increased
risk of patients with cancers (OR=21.72, 95%
Cl=9.94-47.46, P<0.00001) as shown in Figure
2.

Correction of Nodal expression on TNM stage
of cancers

According to WHO grade, we divided cancer
patients into low- (I+ll) and high-grade (llI+1V).
Six articles contained these data and were
available to extract, including 249 high-grade
and 281 low-grade patients, respectively. No
significant heterogeneity was found between
studies (P=0.87, 1°=0%), and the fixed-effect
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ion in tumor grade in a fixed-effect model.

model was employed. Our results observed
that Nodal was highly expressed in high-grade
patients than that in low-grade (79.5% versus
62.9%), indicating Nodal expression was signifi-
cantly associated with high WHO grade of
human cancers (OR=2.46, 95% Cl=1.63-3.71,
P<0.00001) as shown in Figure 3.

Association between Nodal expression and
gender, age, tumor size, lymphatic metasta-
sis status, tumor differentiation degree, and
5-year overall survival of patients with cancers

Four studies concerned the gender issue,
including 368 cases (206 male patients and
162 female patients). Our results did not find a
significant association between Nodal expres-
sion and different gender composition (male
versus female: OR=0.83, 95% Cl=052-1.84,
P=0.44) in a fixed-effect model as shown in
Figure 4A.

Five studies focused on the age issue, contain-
ing 407 cancer patients. We divided ages into
two comparable groups (>50-year-old group
and <50-year-old group). As shown in Figure
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A Male Female
Wang XJ 39 68 20 27 31.1%
Luo HP 29 49 30 44  32.9%
Ouyang ZC 28 36 30 44  15.3%
LiuP 42 53 37 47  20.7%
Total (95% CI) 206 162 100.0%
Total events 138 117
Heterogeneity: Chi* = 3.41, df = 3 (P = 0.33); I’ = 12%
Test for overall effect: Z = 0.77 (P = 0.44)

B >50 =50
XuRR 11 12 11 14 1.7%
Wang XJ 25 44 34 51 26.9%
Luo HP 25 40 34 53 21.7%
Ouyang ZC 36 49 22 31 141%
Zeng FC 28 50 46 62 357%
Total (95% CI) 195 211 100.0%
Total events 125 147
Heterogeneity: Chi? = 3.94, df =4 (P = 0.41); I = 0%
Test for overall effect: Z = 1.37 (P = 0.17)

C >5cm <5cm
Wang XJ 41 56 18 39 81.3%
Zeng FC 1 2 73 110 18.7%
Total (95% CI) 58 149 100.0%
Total events 42 91

Heterogeneity: Chi? = 1.51, df = 1 (P = 0.22); I? = 34%
Test for overall effect: Z = 2.36 (P = 0.02)

D Yes No
XuRR 8 8 14 18  2.0%
Quyang ZC 32 38 26 42 15.3%
Luo HP 34 55 25 38 44.2%
Zeng FC 55 84 19 28 38.5%
Total (95% CI) 185 126 100.0%
Total events 129 84

Heterogeneity: Chi* = 5.30, df = 3 (P = 0.15); I? = 43%
Test for overall effect: Z = 1.08 (P = 0.28)

E High-/ moderate- Low-
dy o ants ota ents 2 eigh
Ouyang ZC 39 59 19 21 246%
Luo HP 33 62 26 31 42.0%
LiuP 45 64 34 36 33.4%
Total (95% CI) 185 88 100.0%
Total events 117 79

Heterogeneity: Chi? = 0.24, df =2 (P = 0.89); I? = 0%
Test for overall effect: Z = 4.27 (P < 0.0001)
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Figure 4. Meta-analysis of Nodal expression in gender (A), age (B), tumor size (C), lymphatic metastasis status (D)
and differentiation degree (E) of patients with human cancers.

4B, our results showed no difference between
Nodal expression and age groups (OR=0.75,
95% Cl=0.49-1.13, P=0.17) in a fixed-effect
model.
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Two articles concerned the tumor size (207
cancer patients). Our results indicated that
Nodal expression was significant associated
with the difference of tumor size (>5 cm versus

Int J Clin Exp Med 2015;8(11):20227-20235
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Discussion

Nodal is an oncofetal pro-
0 tein. It plays a key ro-
le not only in regulating the
growth and differentiation
of embryonic stem cells
[35], but also in the plastic-
ity and invasion of malig-
nant tumor cells [36]. Nodal
expression has been shown
to be correlated with tumor
grade. In this present meta-
analysis, we retrieved 11
related articles containing
OR nine tumors. Our results

5
0.01 0.1 1

Figure 5. Publication bias of the funnel plot of Nodal expression in cancer pro-

gression.

<5 cm OR=2.69, 95% CI=1.18-6.11, P=0.02) in
a fixed-effect model as shown in Figure 4C.

Four studies concerned the lymphatic metasta-
sis status (311 patients). Our results demon-
strated that Nodal expression was not associ-
ated with whether the lymphaden metastasizes
or not (Yes versus No: OR=1.33, 95% CI=0.80-
2.21, P=0.28) in a fixed-effect model as sho-
wn in Figure 4D.

Three studies focused on the tumor differen-
tiation degree. Our analysis found a signifi-
cant relationship between Nodal expression
and differentiation of cancers (high-/moderate-
versus low-: OR=0.19, 95% CI=0.09-0.41,
P<0.00001) in a fixed-effect model as shown in
Figure 4E.

Only one study identified the 5-year overall
survival (0OS) and disease-free survival (DFS).
The results showed that Nodal expression was
significant associated with 5-year OS and
5-year DFS (P<0.01).

Sensitivity analysis and publication bias

Each study was deleted to reveal any single
study on the overall effect. Our results indicat-
ed that the pooled OR was not significantly
influenced by omitting any single study at a
given time. The funnel plot also demonstrated
no publication bias in this meta-analysis as
shown in Figure 5.
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100 showed that Nodal expres-
sion was significant associ-
ated with progression,
grade, size, and differentia-
tion degree of tumors. No
relationship was found between Nodal expres-
sion and gender, age, lymphatic metastasis
status of cancer patients. This is the first sys-
tematic meta-analysis evaluating the signifi-
cance of Nodal expression in human can-
cers.

Nodal protein plays a critical role in normal
embryonic development, and regulates the pro-
liferation and numerous developmental pro-
cesses in various normal physiological sys-
tems. Harrison et al. have found that Nodal was
highly expressed in the proliferative and early
secretory phases of human endometrium dur-
ing remodelling, and was abruptly downregu-
lated by the mid-secretory phase [37]. Kenney
et al. have found that members of the Nodal
signaling pathway were cyclically expressed
during mammary gland remodeling [38]. These
results indicated that Nodal might promote the
proliferative phenotypes in dynamic epithelial
cell types.

Recent findings have revealed that Nodal is an
important regulator of cancer growth, plasticity,
and tumorigenicity. Understanding the impact
of Nodal signaling pathways and the regulatory
programs holds significant potential for new
cancer therapies. Previous studies have
showed that TGF-B1 promoted the expression
of Nodal via activating Smads and MAPK path-
ways, and thereby promoted the growth of glio-
ma cells [39]. Nodal also promotes the self-
renewal of human colon cancer stem cells via
an autocrine manner through Smad2/3 signal-

Int J Clin Exp Med 2015;8(11):20227-20235
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ing pathway [40]. Duan et al. discovered that
Nodal overexpression enhanced pancreatic
cancer cells migration and invasion via the
Smad2/3 pathway, and inhibition of Nodal sig-
naling reduced distant metastasis and reversed
the invasive, indicating that targeting Nodal sig-
naling might be a promising therapeutic strate-
gy for pancreatic cancer [41]. Moreover, Nodal
is involved in promoting invasion in multiple cel-
lular contexts via a mitogen-activated protein
kinase-dependent pathway, indicating Nodal
inhibition may be useful as a therapeutic target
for patients with progressive disease [42]. Fang
et al. revealed that Nodal promoted the aggres-
sive phenotype of B16 murine melanoma cells
by inducing EMT via up-regulation of Snail [43].
In human breast cancer, Nodal signaling pro-
moted a tumorigenic phenotype [44], AND sup-
ported tumor growth at primary and secondary
sites by increasing the ratio of proliferation and
apoptosis in breast cancer cells [45].

Nodal might be involved in tumor angiogenesis,
thus promoting the occurrence and develop-
ment of malignant tumors. The extent of tumor
neovasclarzation can reflect the degree and
invasion of malignancy, and the prognosis of
patients. Hueng et al. demonstrated that over-
expression of Nodal promoted glioma growth
and angiogenesis in vivo, and inhibition of
Nodal suppressed US87MG glioma growth and
angiogenesis in the brain [46]. Chen et al. found
that Nodal was highly expressed in hepatocel-
lular carcinoma tissues which was was posi-
tively correlated with high microvascular densi-
ty and low accumulated survival rate, indicating
that Nodal could promote angiogenesis, and be
used as a predictor of poor prognosis [47].
Quail et al. showed that Nodal promoted vascu-
lar recruitment in vivo, suggesting Nodal as a
potential target for the treatment of breast can-
cer angiogenesis and progression [48].

There were several limitations in our study.
Firstly, all the included studies were conducted
in Chinese population, while other ethnicities
should be considered. Secondly, total nine
kinds of tumors were included, more articles
concerned the same tumor are needed due to
the difference of tumor biology. Thirdly, other
genes, such as VEGF, Cripto-1 which may inter-
act with Nodal should be focused on. Lastly,
high quality studies with complete reports,
including TNM stage and survival data, were
limited, which may affect our conclusions.
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In conclusion, our results showed that Nodal
expression was associated with progression,
stage, size, and differentiation of cancers.
Future large-scale, well-designed studies with
more nations are still needed to further explor-
ing the significance of Nodal expression in
human cancers.
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