
Introduction

The number of patients who are diagnosed with cancer is 
increasing and it is estimated that there will be 16 million 
new cases every year by 2020. Cancer accounts for 13% of 
global mortality and is projected to continue to rise with 
an estimated 9 million people dying from cancer in 2015 
and 11.4 million dying in 2030 (6,7,11,13). Biomarkers 
represent powerful tools to determine cancer status, 
course of disease and gauging the efficacy and safety of 
novel therapeutic agents. Biomarkers can have tremen-
dous therapeutic impact in clinical oncology, especially 
if the biomarker is detected before clinical symptoms or 
enables real-time monitoring of drug response. Currently 
there are very few biomarkers with diagnostic capabili-
ties for cancer that are used in clinics (6,28). Even these 
lack sensitivity and specificity, and most of them can-
not be used for early diagnosis of cancer. Moreover, 
most are specific for one type of cancer or are raised in 

a few cancers. In addition, some of these biomarkers 
are raised nonspecifically in the circulation in many 
other diseases (28). Therefore, there is a critical need for 
expedited development of biomarkers and their use to 
improve diagnosis and treatment for cancer. Malignant 
transformation involves alterations in protein expression 
with subsequent clonal proliferation of the altered cells. 
These altered proteins are often secreted from tumors 
and released into plasma, which can be monitored both 
qualitatively and quantitatively. Changes in the levels 
of these altered proteins from cancer provide valuable 
information that may be an aid to more effective diagno-
sis, prognosis, and response to therapy.

Netrin-1 is a diffusible, laminin-related protein iden-
tified as neuronal guidance cues during development 
of the nervous system. Netrin-1 mediates its biological 
effects through binding to two families of receptors: 
deleted in colorectal cancer (DCC) and uncoordinated-
5-homolog (UNC5H), a group of the four UNC5H1, 
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Abstract
Context:  The axon guidance cues netrin-1 is a secreted protein overexpressed in many different cancer 
tissues.

Objectives:  To determine whether plasma netrin-1 can be used as a diagnostic biomarker of human 
cancer.

Materials and Methods:  A total of 300 cancer plasma samples from breast, renal, prostate, liver, meningioma, 
pituitary adenoma, glioblastoma, lung, pancreatic and colon cancer patients were compared against 138 
control plasma samples. Netrin-1 levels were quantified by ELISA and immunohistochemistry.

Results:  Plasma netrin-1 levels were significantly increased in breast, renal, prostate, liver, meningioma, 
pituitary adenoma, and glioblastoma cancers as compared to control samples.

Discussion and Conclusion:  Our results suggest that plasma netrin-1 can be used as a diagnostic biomarker 
for many human cancers.
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UNC5H2, UNC5H3, and UNC5H4 receptors (1,2,4). 
Recent studies have shown that netrin-1 is expressed 
outside the nervous system and contributes to the pat-
terning of developing epithelial tissues such as mammary 
gland, pancreas, and lung by regulating diverse processes 
including adhesion, motility, proliferation, and differen-
tiation of cells (17–20,26,29). Moreover, netrin-1 is known 
to regulate inflammation, angiogenesis, and apoptosis 
(16,18,21,22,29,30). The expression of netrin-1 in epithe-
lial cell is induced after injury and these may serve as a 
biomarker of organ injury or disease (5,25).

Netrin-1 is overexpressed in many cancer tissues 
(3,8,12) and either inhibition of receptor or downregula-
tion of netrin-1 expression induced apoptosis in tumor 
cells, leading to tumor regression. However, whether 
netrin-1 is secreted into the circulation by the tumor and 
whether circulating netrin-1 can be used as a diagnostic 
biomarker of cancer is unknown. Therefore we investi-
gated whether netrin-1 is overexpressed in all types of 
cancer and whether levels of netrin-1 in plasma can be 
used as a biomarker of cancer diagnosis. Our results 
show that netrin-1 levels in the circulation is significantly 
increased in renal, liver, prostate, meningioma of brain, 
pituitary adenoma, glioblastoma and breast cancer but 
not in colon, pancreatic and lung adenocarcinoma. 
Therefore we conclude that netrin-1 can be used as a 
biomarker of many human cancers and may be useful as 
a prognostic tool as well.

Material and Methods:

Patient population

Specimens from adult patients were collected by the 
Penn State Cancer Institute Tissue Bank in accord-
ance with protocols submitted to and approved by the 
Institutional Review Boards of Penn State College of 
Medicine and Penn State Cancer Institute. The number 
of patients was based on our preliminary statistical anal-
ysis, and sample size was increased based on statistical 
power. All patients had metastatic tumors of different 
organs with pathologic confirmation of diagnosis. Tumor 
diagnoses included invasive ductal carcinoma of breast 
(IDC) (n = 40), prostate adenocarcinoma (n = 40), lung 
adenocarcinoma (n = 20), pancreatic adenocarcinoma 
(n = 20), renal cell carcinoma (n = 40), liver adenocar-
cinoma (n = 40), brain tumors including meningioma, 
pituitary adenoma, and glioblastoma (n = 80), and colon 
carcinoma (n = 20). All samples were from adult patients 
(age 22–90 years). Except for 3 patients, all patients had 
not received any chemotherapy before tumor resection. 
Plasma samples were collected just before surgery. 
The control patients were noncancerous age- and 
sex-matched volunteers who may have had different 

diseases. No control subjects had any known histories of 
tumors. Collected plasma samples were stored at -800C, 
then analyzed for netrin-1 by ELISA (kit from USCN Life 
Sciences Inc.).

Quantification of plasma netrin-1 by ELISA

De-identified samples were blinded for netrin-1 
analysis. Twenty microliters of plasma was used for 
the netrin-1 assay, which used an ELISA kit (catalogue 
no. E1827h; USCN Life Science Inc., Wuhan, China). 
Briefly, netrin-1 standard and plasma samples were 
added to antibody-coated 96-well plates and incubated 
for 2 hours at room temperature, followed by addition 
of biotin-conjugated polyclonal antibody specific for 
netrin-1 and incubation for an additional 1 hour. Plates 
were then washed and incubated with avidin conju-
gated to horseradish peroxidase for 1 hour. Color was 
developed using tetramethylbenzidine substrate, and 
reaction was arrested by adding sulfuric acid. The color 
change was measured using a plate reader (Labsystems) 
at a wavelength of 450 nm. The concentration of netrin-1 
in the samples was determined by comparing the OD 
of the samples to the standard curve, with a minimal 
limit of detection of 7.8 pg/ml. All measurements were 
made in duplicate. Plasma netrin-1 concentration was 
expressed as picograms per milliliter of plasma. The 
intraassay coefficient of variation for plasma netrin-1 
was 8.1%. The accuracy of the assay was tested by spik-
ing plasma samples with known concentrations of 
netrin-1. The recovery was 103 ± 10 percent. Dilution 
linearity was determined by spiking different concen-
trations of netrin-1 in plasma. The assay was linear from 
10 to 2000 pg.

Immunohistochemical localization of netrin-1

Stage I-III renal cell carcinoma and normal tissue 
section (Tissue Array) was obtained from Biomax to 
immunolocalize netrin-1, as described previously (29). 
Briefly, tissue sections were dewaxed and rehydrated 
with graded ethanol (100%, 90%, 70% and 30%) and 
then washed with PBS. Antigen retrieval was carried 
out using citrate buffer and steamer. The tissue section 
was permeabilized with 0.2% Triton X-100 in PBS, and 
washed and blocked with PBS containing 5% donkey 
serum and 1% BSA. Primary antibodies included a 
chicken anti-netrin-1 polyclonal antibody (Neuromics 
cat # CH23002). Primary antibodies were detected using 
secondary antibodies conjugated with biotin, which was 
followed by incubation with streptavidin-horseradish 
peroxidase (Pierce). Slides were mounted in permount 
and photographed using an Olympus microscope 
attached to a CCD camera.
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Statistical analysis

Individual cancer types were compared with organ-
matched controls for differences in plasma netrin-1 
levels. Due to the skewness of the netrin-1 levels, the 
log values were used in the analysis. We also compared 
the individual tumors with combined controls. Receiver 
operating characteristic (ROC) curve analysis was done 
to calculate the area under the curve for the independ-
ent predictors and to identify threshold values (i.e., 
cutoff points) that provide the optimal tradeoff between 
sensitivity of specificity. Area under the curve (AUC) 
values were used to summarize diagnostic performance 
of the netrin-1 biomarker. A logistic regression was used 
to evaluate the effectiveness of netrin-1 as a predictor 
of cancer while allowing age and sex to be appropriate 
controls as covariates. P-values corresponding to netrin-1 
as a predictor for cancer in the logistic regression are 
reported in Table 3. Statistical analysis was conducted 
using R version 2.11.1 (http://www.r-project.org/).

Results

Patient characteristics

The average age of the combined controls is 51.7 years, 
and the average age of the combined cancer patients is 
59.8 years; the difference is statistically different (p<.001). 
The controls consisted of 71% female patients, and the 
cases consisted of 47% female patients; the difference is 
statistically different (p<0.001). Only 3.1% of the patients 
had chemotherapy prior to collection of the samples.

Netrin-1 protein levels in plasma collected from non-
cancerous control patients who may have different 
diseases

Control patient characteristics and their diagnose are 
listed in Table 1. In the plasma samples examined by 
ELISA, no significant difference in the levels of netrin-1 
was found among various control patients for different 
organs (Figure 1). The average plasma netrin-1 levels in 
a combined control population was 479 ± 74 pg/ml.

Netrin-1 protein levels in plasma collected from 
cancer patients is significantly elevated as compared 
to control patients

It has been shown that netrin-1 mRNA is overexpressed 
in many different cancers including breast, pancreatic, 
colon and brain (8,12,23). However, none of these studies 
had determined the quantity of netrin-1 protein expres-
sion and whether it is secreted into plasma. Moreover, 
whether netrin-1 is universally overexpressed in all can-
cers or specific to certain types of cancer is not known. 

Therefore we have determined whether netrin-1 is 
elevated in plasma from cancer patients, and if elevated, 
whether it is specific for one type of cancer or is a general 
cancer biomarker. The analysis was done in two ways. 1. 
Levels of plasma netrin-1 in each cancer type was com-
pared with its own tissue control (no cancer but may have 
other disease of the organ). For this comparison, we did 

Table 1.    Diagnostic description of the control patients for the 
different tumor types are shown.

Tissue type Tissue Type

Renal Pancreas

Adenoma Microcystic serous adenoma

Cystadenoma Mucinous cystadenoma

Cystic nephroma Chronic pancreatits

Mesenteric cyst Fibrosis

Adenoma Serous oligocystic adenoma

Benign cyst No malignancy found

Atrophy Atrophy

Nodular hyperplasia Microcystic serous

Ganglioneuroma cyst adenoma

Cortical adenoma Adenoma

 Mucinous cystic neoplasm

 Cystadenoma

 Ulcer

 Tubular adenoma

 Cystic neoplasm

Colon Mucinous cystadenoma

Adenoma Serous cystadenoma

Fibrosis  

Diverticulosis  

Fibrosis  

Dysplasia  

Chronic inflammation  

No pathological diagnosis  

Breast Prostate

Breast Reduction Negative for tumor

No pathological Diagnosis Reactive lymphoid Hyperplasia

Fibrosis Negative for malignancy

Intraductal Papilloma  

Lung Liver

Nodules (non-cancerous) Hemangioma

Caseating granuloma Calcified granuloma

Granulomatous inflammation Fibrosis

Fungal Bronchropneumonia Nodular Hyperplasia

Fibrosis Bile duct hamartoma

Emphysema Inflammation

No malignancy found Endometrosis with hyperplasia

Interstitial lung disease Fatty Infiltration

No tumor identified Mucinous cystadenoma

Caseating granuloma Cavernous hemangioma

Hyperplasia Focal hyperplasia

Interstitial fibrosis Negative for tumor

Hamartoma Hepatocellular adenoma

Granduloma Solitary cyst

 Cystadenoma

 Bile duct proliferation
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not have any control for brain tumors. 2. The second com-
parison was made with combining all tissue controls and 
then comparing with individual tumors types. As shown 
in Figure 2, plasma levels of netrin-1 are significantly ele-
vated in adenocarcinoma of breast, prostate, liver, renal 
cell carcinoma, and brain tumors (pituitary adenoma, 
meningioma, glioblastoma) as compared to their corre-
sponding control patient plasma (Figure 2) or combined 
control plasma (Figure 2). However, the netrin-1 level is 
not elevated in plasma from adenocarcinoma of lung, 
pancreas and colon as compared to their corresponding 
controls or combined controls.

Netrin-1 is a diagnostic biomarker of many cancers

Since netrin-1 was found to be elevated in many cancer 
types, we determined whether plasma netrin-1 can be 
used as a diagnostic biomarker of most cancers.

Conventional ROC curves for cancer versus no cancer 
were generated for plasma netrin-1. The AUC of the dif-
ferent tissue cancer ROC curves are presented in Table 2. 
Figure 3 displays the unadjusted ROC curve for plasma 
netrin-1 for different organ cancers. The sensitivities 
and specificities at log 6 plasma netrin-1 concentrations 
are listed in Table 2, which corresponds to optimal sen-
sitivity and specificity. The lowest sensitivity was seen 
for lung and highest sensitivity was seen for prostate 
adenocarcinoma.

Univariable logistic regression identified female gen-
der (p = 0.02) (for breast and renal) and higher netrin-1 
concentration (p = 0.02) is significantly associated with 
higher odds of cancer (Table 3).

Associations of netrin-1 with patient characteristics

To determine whether netrin-1 levels in plasma are 
independently associated with patient characteristics, 
Pearson’s product-moment correlation coefficient of 
netrin-1 with different clinical characteristics was calcu-
lated. Netrin-1 did not have any significant association 
with patient’s gender, age, tumor stage, or tumor size.

Netrin-1 is overexpressed in renal cell carcinoma as 
determined by immunohistochemistry

To determine whether elevated levels of plasma netrin-1 
are associated with increased expression of netrin-1 in 
human renal carcinoma tissues, immunolocalization of 
netrin-1 was carried out from paraffin section (Tumor 
tissue array from US Biomax, Inc.,). A total of 10 patient 
tissues were used for immunohistochemistry. All 10 
patients had malignant renal cell carcinoma (Stage I-III). 
There were 7 stage III patients and 1 patient each in stage 
I and stage II. 5 of 7 patients in stage III and all patients 
(1 in each) in stage I and II were positive for netrin-1 

staining. We were not able to correlate tissue staining 
and plasma netrin-1 from the same patient as these 
two samples are came from totally unrelated patients. 
As shown in Figure 4, normal kidney tissue adjacent to 
tumor did not show any staining for netrin-1 (Figure 
4B). However, increased netrin-1 staining was seen in 
all stages of renal cell carcinoma malignancies (Figure 
4C-F). Secondary antibody control did not show any 
staining (Figure 4A). In addition, netrin-1 is also over-
expressed in non-malignant renal cell carcinoma tissue 
(not shown). These results suggest that netrin-1 expres-
sion is up-regulated and may play a role in tumor growth 
and invasion.

Discussion

We provide here the first demonstration that a large frac-
tion of plasma samples from different cancer patients 
showed elevated levels of netrin-1, the ligand of the 
dependence receptors DCC and UNC5H. This expression 
was also confirmed by immunohistochemistry. Moreover, 
we determined whether netrin-1 in plasma could be used 
as a diagnostic biomarker of cancer. Our results showed 
that plasma netrin-1 can be used as a global cancer sur-
veillance tool and measurement of netrin-1 can be used 
for diagnosing cancer of different organs. Earlier studies 
have documented that netrin-1 is overexpressed in breast 
(12), colorectal cancer (23), lung cancer (9), melanoma 
(14), pancreatic cancer (10), and brain tumors (glioblas-
toma) (8). However, whether overexpressed netrin-1 from 
tumors is secreted into the circulation and the levels of 
circulating netrin-1 were unknown. Moreover, whether 
netrin-1 levels in plasma can be used as a diagnostic tool 
for cancer was unknown.
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Figure 1.  Plasma netrin-1 concentration in control patients. Plasma 
netrin-1 was measured as described in Materials and Methods. There 
is no significant difference in plasma netrin-1 concentration among 
controls for different types of tumors.
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P value

4 5 6 7 8

log(netrin)

139 305 0.0001 0.0001

3 40 0.504 0.0001

0 80 0.0001

23 45 0.008 0.0001

35 40 0.059 0.013

21 40 0.378 0.018

20 20 0.386 0.347

17 20 0.542 0.161

20 20 0.478 0.577

Figure 2.  Summary of netrin-1 measurements and depiction with a forest plot. For the different cancer types, sample sizes, p-values, and 95% 
confidence intervals for the mean netrin-1 level are provided. The nonparametric Mann-Whitney test was used to compare the cases to controls 
or combined controls yielding the reported p-values. The graphic demonstrates the increased netrin-1 levels over the combined controls in the 
prostate, brain, renal, breast, and liver cancers. P value less than 0.05 was considered significant.

Table 2.    Diagnostic measures of plasma netrin-1 for different tumor types. Sensitivity. and specificity measurements are provided based on a 
fixed netrin-1 threshold of 6 on the log scale and 95% confidence interval. Area under curve (AUC) values are also provided.

 Tumor AUC Sensitivity (low, high) Specificity (low, high)

1 Prostate 0.813 0.75 (0.588, 0.873) 0.719 (0.637, 0.792)

2 Glioblastoma 0.783 0.60 (0.361, 0.809) 0.719 (0.637, 0.792)

3 Brain (combined) 0.712 0.637 (0.522, 0.742) 0.719 (0.637, 0.792)

4 Renal 0.693 0.689 (0.534, 0.818) 0.719 (0.637, 0.792)

5 Pituitary adenoma 0.665 0.60 (0.421, 0.761) 0.719 (0.637, 0.792)

6 Meningioma 0.661 0.65 (0.408, 0.846) 0.719 (0.637, 0.792)

7 Breast 0.629 0.525 (0.361, 0.685) 0.719 (0.637, 0.792)

8 Liver 0.623 0.475 (0.315, 0.639) 0.719 (0.637, 0.792)

9 Colon 0.461 0.25 (0.087, 0.491) 0.719 (0.637, 0.792)

10 Pancreas 0.435 0.10 (0.012, 0.317) 0.719 (0.637, 0.792)

11 Lung 0.403 0.05 (0.001, 0.249) 0.719 (0.637, 0.792)
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The role of netrin-1 and netrin-1 receptors in can-
cer development and survival is well documented. 
Increased expression of netrin-1 or loss of netrin-1 
receptor expression have been shown to play an 

important role in the development and progression of 
cancer. Moreover, the apoptosis-mediated regulatory 
function of netrin-1 receptor in the adult is involved 
in breast and intestinal tumor initiation and progres-
sion (3,12). Inhibition of apoptosis occurs by either a 
decrease in the levels of the receptors [e.g., DCC and 
UNC5H expression is lost in the majority of colorectal 
cancers] (3,12,19,23) or overexpression of netrin-1. 
Recent studies have shown that overexpression of 
netrin-1 confers a selective advantage for tumor cell 
survival in metastatic breast cancer (12), and Link et al. 
(15) have observed that netrin-1 overexpression is 
associated with worse outcome in poorly differentiated 
pancreatic adenocarcinomas.

Our study shows that netrin-1 is not only over-
expressed in tumor tissues but is also secreted into 
the circulation. Elevated levels of netrin-1 in plasma 
suggests that plasma netrin-1 is a novel universal 
biomarker for human cancer. However, netrin-1 is not 
a specific biomarker for one type of cancer but rather 
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Figure 3.  Receiver operating characteristic curve (ROC) analysis for plasma netrin-1 at 6 log for different tumors compared with combined 
controls.

Table 3     The effects of netrin-1 levels on different tumor types 
compared against the combined controls in a logistic regression model 
after adjusting for age and sex. P-values corresponding to the age, sex, 
and netrin-1 variables of the logistic regression model are provided.

 Tumor Type Age Sex Netrin-1

1 Renal 0.1842 0.0009 0.0102

2 Breast 0.0405 0.0029 0.0083

3 Liver 0.0563 0.9859 0.0578

4 Brain (combined) 0.0353 0.1188 0.001

5 Pituitary adenoma 0.2120 0.0253 0.0140

6 Meningioma 0.3456 0.1149 0.0662

7 Glioblastoma 0.0087 0.4066 0.001

8 Prostate 0.8576 0.9905 0.0002

9 Colon 0.0046 0.3063 0.6728

10 Lung 0.0001 0.4381 0.8586

11 Pancreas 0.0018 0.1851 0.6547

B
io

m
ar

ke
rs

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

Pe
ki

ng
 U

ni
ve

rs
ity

 o
n 

11
/1

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



178    Ganesan Ramesh et al.

is overexpressed and elevated in the plasma of many 
cancers as compared to most of the biomarkers cur-
rently available. In addition, netrin-1 does not show 
stage-specific expression and is elevated in all stages of 
tumors. Therefore, it could be used as an early diagnostic 
biomarker of cancer (Table. 2). The diagnostic sensitivity 
of plasma netrin-1 is comparable or better than currently 
validated biomarkers for cancer (6). Plasma netrin-1 lev-
els do not significantly correlate with gender, stages of 
tumor, and size of the tumor. However, plasma netrin-1 
has a strong correlation with the presence or absence 
of tumors suggesting that netrin-1 is an independent 
predictor of the presence of a tumor. Our results indi-
cate that netrin-1 is a powerful diagnostic biomarker 
of human cancer. The magnitude of raise supports the 
notion that netrin-1 is a highly discriminatory biomarker 
with a wide dynamic range and cutoff values that allow 
for risk stratification.

Plasma netrin-1 likely originates from tumor cells 
because it is present in low levels in noncancerous 
patient plasma and high expression by tumor tissues. 
Moreover, all plasma samples were collected from 
patients before surgery and before treatment with any 
chemotherapy. However, the reason as to why netrin-1 
levels were not increased in plasma from lung adeno-
carcinoma, pancreatic adenocarcinoma, and colon 
adenocarcinoma are not clear. It is possible that these 

tumors may secret netrin-1 outward into the gut and 
lung effusion. In this study we did not examine the 
prognostic value of netrin-1 for any cancer. However, 
our xenograft animal model showed that netrin-1 level 
decreases as tumors regress suggesting that netrin-1 
may be a useful prognostic biomarker as well (Ramesh 
et  al., Unpublished). This view was also supported 
by studies in a brain tumor (glioblastoma) xenograft 
model (8).

Previous studies had shown that breast tumors and 
a large fraction of lung tumors overexpress netrin-1 
but not in colorectal tumors where most of them lose 
the receptors (only 7% of colorectal cancers show an 
increase in netrin-1 expression) (3,9,12). Consistent 
with these earlier observation, we see a larger fraction 
of colorectal tumor plasma samples do not show high 
levels of netrin-1. A possible explanation is that netrin-1 
expression not only confers a gain in survival on the 
lung tumor cells but may also lead to enhancement of 
nonapoptotic signaling by netrin-1 receptors. The role 
of netrin-1 in nonapoptotic signaling in the adult is not 
known with certainty. Netrin-1 was shown to bind a 
complex that includes some integrins (27,32), and thus 
it is conceivable that netrin-1 overexpression triggers 
the activation of α6β4/α3 β1 integrins expressed by lung 
epithelial cells. These integrins regulate cell migration 
and invasiveness and therefore may have a role in can-
cer progression (24). It is also possible that netrin-1 is 
an angiogenic factor that promotes tumor vasculature, 
since netrin-1 was recently proposed to play a role in 
embryonic angiogenesis, although this hypothesis 
is controversial (21,22,30,31). Alternatively, because 
endogenous netrin-1 expression inhibits proapoptotic 
signaling by all dependence receptors, it may have more 
potent effects on survival than the loss of one or two 
netrin-1 receptors.

The mechanism of netrin-1 up-regulation in tumors 
is unknown. Hypoxia is known to induce netrin-1 in 
epithelial cells (25,26,29). Our in vitro studies suggested 
that netrin-1 is regulated at translational levels (Ramesh 
et al, unpublished) in renal epithelial cells. However, the 
mechanism as to how netrin-1 is rapidly translated is not 
known.

Our study has strengths. First, we retrospectively ana-
lysed a relatively homogeneous cohort of cancer patient 
samples in whom the only obvious etiology for elevated 
levels of netrin-1 is cancer. Second, in all subjects the 
plasma samples were collected just before surgery for 
tumor resection. Third, we eliminated the false rise of 
netrin-1 due to tumor lysis after chemotherapy since 
these patients did not receive any chemotherapy before 
surgery.

The current study also has limitations. First, it is a 
single-center pilot study of adult subjects who have 
already been diagnosed with cancer. Thus, these 

Figure 4.  Immunohistochemical localization of netrin-1 in renal 
cell carcinoma (RCC) tissues. A. Secondary antibody control show-
ing no staining. B. Normal adjacent tissues do not show any staining 
for netrin-1. C. Stage I RCC shows staining for netrin-1. D. Stage II 
RCC shows staining for netrin-1. E&F. Stage III RCC shows staining 
for netrin-1.
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results will need to be validated in a larger popula-
tion, in a prospective study, to determine the useful-
ness of netrin-1 as an early diagnostic biomarker of 
cancer. Second, a large number of our controls are 
from hospital patients with a different organ disease 
without cancer. Therefore, it will be important to have 
non-hospitalized subjects as controls to determine 
normal blood levels of netrin-1. Third, in addition to 
netrin-1, simultaneous examination of other plasma 
biomarkers as potential predictors of cancer may 
provide additional information. Recent studies have 
uncovered other cancer biomarkers such as alpha feto 
protein, carcinoembryonic antigen, prostate specific 
antigen, cancer antigen and Cyfra2 1-1(6). However, 
none of these are universal cancer biomarkers or are 
useful for early diagnosis and screening a healthy 
population. All biomarkers have individual strengths 
and weaknesses.

Conclusion

Netrin-1 is overexpressed in many tumors and secreted 
into the circulation. Elevated levels of netrin-1 in plasma 
was seen in several tumors at all stages of tumor progres-
sion as compared to control patients. Our results suggest 
that plasma netrin-1 can be used as diagnostic biomarker 
of many human cancers.
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