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Abstract: Objective: This study aimed to confirm the potential of growth-related gene product β (GROβ) as a biomark-
er for colorectal cancer. We compared serum GROβ levels in patients with colorectal cancer, healthy individuals and 
individuals with non-tumor diseases. Methods: We measured serum GROβ levels with enzyme-linked immunosor-
bent assay in patients with colorectal cancer (123 preoperative samples and 66 postoperative samples), 88 healthy 
controls and 125 individuals with other diseases. Serum levels of carcinoembryonic antigen (CEA) and carbohydrate 
antigen 19-9 (CA19-9) were measured in all samples with an immunoluminometric assay. Statistical analyses were 
performed to determine associations between serum GROβ levels and clinical parameters for colorectal cancer. A 
receiver operating characteristic (ROC) curve was analyzed for GROβ, CEA and CA19-9. Results: The serum GROβ 
levels were much higher in patients with colorectal cancer (median: 96.15 pg/ml) than those in healthy controls 
(median: 43.28 pg/ml, P < 0.01) and other disease controls (median: 57.30 pg/ml, P < 0.01). Serum GROβ levels 
in colorectal cancer were correlated positively with tumor-node-metastasis staging (P < 0.01) and the depth of 
infiltration (P < 0.05), but not with the histological grade, tumor embolus, lymph node metastasis, gross pathologic 
tumor type, or patient gender. The sensitivity and specificity of the assay for serum GROβ were 56.1% (69/123) and 
95.31% (203/213), respectively. The area under the ROC curve constructed with GROβ (0.834) was larger than 
that constructed with CEA (0.739) or CA19-9 (0.676) for discriminating colorectal cancer from matched controls. 
Conclusion: These preliminary results suggested that the serum GROβ level could be a useful biomarker for colorec-
tal cancer diagnoses.
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Introduction

Colorectal cancer is one of the most commonly 
diagnosed cancers. It is the fourth leading 
cause of cancer mortality worldwide. In China, 
there is very little governmental support for 
colorectal cancer screening, and we lack any 
kind of colorectal cancer screening initiative, 
including screening guidelines. Consequently, 
although China has historically displayed a low 
risk of colorectal cancer, the incidence rates 
are rapidly increasing [1, 2]. Thus, despite 
recent improvements in surveillance and thera-
peutic approaches, approximately 1.2 million 
cases of colorectal cancer are reported annu-
ally, with over 608,700 deaths per year [3]. 

Carcinoembryonic antigen (CEA) and carbohy-
drate antigen 19-9 (CA19-9) are commonly 
used as tumor markers for the diagnosis and 
surveillance of colorectal cancer [4, 5]. However, 
these two markers lack sensitivity for detecting 
potentially curable lesions [6]. Therefore, the 
development of novel diagnostic biomarkers for 
colorectal cancer is crucial for improving the 
prognosis and optimizing the efficiency of indi-
vidualized therapies.

Chemokines are a group of small (8-14kDa) pro-
teins that interact with cell-surface receptors 
during development of the host immune 
response [7]. Growing evidence has suggested 
that, in addition to their role in the immune sys-
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tem, chemokines are also involved in tumor 
development and progression [8, 9]. Che- 
mokines are produced by many cell types, 
including leukocytes, endothelial cells, fibro-
blasts, epithelial cells and tumor cells [10]. The 
growth-related oncogene (GRO) protein, a 
member of the CXC chemokine subfamily, plays 
a major role in inflammation and wound heal-
ing. CXC chemokines have been associated 
with angiogenesis, tumorigenesis, metastasis 
and tumor-leukocyte interactions [11, 12]. GRO 
proteins include GROα, GROβ and GROγ sub-
types [13, 14]. GROβ is an angiogenic chemo-
kine that belongs to the CXC chemokine family; 
it is also known as CXCL2 chemokine, MIP2-
alpha protein and GRO-2 protein. CXCL2/GROβ 
was originally identified from culture superna-
tants from melanoma cell lines [15], and its 
expression was high in human melanomas 
[16]. An increasing number of reports have 
gradually revealed the roles of GROβ in tumori-
genesis. GROβ attracts tumor infiltrating cells 
and may also directly contribute to esophageal 
cancer cell transformation and growth. When 
CXCL2 was depleted with small interfering RNA 
(siRNA), esophageal cancer cells showed 
reduced proliferation and colonization capacity 
[17]. cDNA microarray analysis showed that 
GROβ was highly expressed in esophageal 
squamous cell carcinoma tumor tissues and 
cultured tumor cells [11]. Thus, GROβ may act 
as a proangiogenic chemokine in esophageal 
cancer biology. Downregulation of CXCL1 and 
CXCL2 was associated with marked inhibition 
of metastasis-promoting genes [18]. Doll et al. 
used quantitative RT-PCR to show that GRO-2 
expression was significantly increased in colon 
cancer and premalignant adenomas compared 
to normal colon tissue [19]. Oral squamous cell 
carcinomas synthesized CXCL2, which promot-
ed osteoclast formation by stimulating RANKL 
expression in stromal cells [20]. However, GROβ 
suppressed the growth of Lewis lung tumors in 
immune-competent and immune-deficient 
mice by suppressing tumor vascularization 
[21]. When breast tumors with little or no GROβ 
mRNA expression were compared to matched, 
uninvolved tissue, the results suggested that 
impaired autocrine/paracrine chemokine sig-
naling may contribute to breast tumorigenesis 
[22]. Thus, biological responses to GROβ vary, 
depending on the cellular context. Recently, 
one research group has reported that serum 
GROβ levels were much higher in patients with 
esophageal squamous cell carcinoma than in 

healthy controls [23]. However, no report has 
described serum GROβ levels in colorectal 
cancer.

In this study, we measured the serum levels of 
GROβ in patients with colorectal cancer, in 
patients with non-tumor diseases and in con-
trol healthy patients. We also analyzed correla-
tions between the clinicopathological charac-
teristics of colorectal cancer and serum GROβ 
levels. We evaluated whether the combination 
of preoperative levels of GROβ, CEA and CA19-
9 had any diagnostic significance in patients 
with colorectal cancer. We reasoned that the 
combination of three tumor markers may pro-
vide a more sensitive biomarker for colorectal 
cancer. Furthermore, we considered the corre-
lation between the preoperative and postoper-
ative levels of GROβ; i.e., with and without a 
tumor burden.

Materials and methods

Clinical specimen collection and preparation

In this study, sera from 123 subjects newly 
diagnosed with colorectal cancer were provid-
ed by the Cancer Hospital of Peking Union 
Medical College (PUMC; 123 preoperative 
serum samples and 66 postoperative serum 
samples). The patients included 86 males and 
37 females, with a mean age of 57.7 ± 10.5 y 
(range 24-80 y). All patients provided informed 
consent. The resected specimens were patho-
logically classified according to the seventh edi-
tion of the Union for International Cancer 
Control tumor-node-metastasis (TNM) classifi-
cation of malignant tumors [24]. Sixty six 
patients had tumors located in the colon, and 
57patients had tumors located in the rectum. 
Postoperative sera were obtained two weeks 
after surgery.

We also obtained sera from 88 matched 
healthy individuals with a mean age of 40.2 ± 
9.6 y (range 26-59 y) from the Health 
Examinations Center, China Meitan General 
Hospital. All subjects provided informed con-
sent. The healthy individuals had no obvious 
evidence of malignancy, based on abdominal 
ultrasound examinations, X-rays, routine blood 
tests and biochemistry tests.

The 125 samples from matched individuals 
with non-tumor diseases (controls) were 
obtained from inpatients in China Meitan 
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approved by the ethics committees of PUMC 
and China Meitan General Hospital.

ELISA for GROβ

A human GROβ ELISA detection kit (Peprotech, 
Rocky Hill, NJ, USA) was used to measure GROβ 
in human serum. Briefly, 96-well ELISA micro-
plates were coated with 100 μl of anti-GROβ 
antibody (Peprotech, Rocky Hill, NJ, USA) sus-
pended in PBS buffer at a final concentration of 
0.25 μg/ml. After an overnight incubation, the 

General Hospital. All subjects provided in- 
formed consent. These patients had a mean 
age of 63.8 ± 14.5 y (range 25-94 y), and they 
showed no evidence of malignancy. Each sub-
ject had at least one organic disease, and we 
obtained records from regular physical and 
blood examinations and from mandatory 
screenings with colonoscopy and computed 
tomography.

The clinical characteristics of the serum sam-
ples are shown in Table 1. This study was 

Table 1. Clinical parameters of patients with colorectal cancer, patients with non-tumor diseases, and 
healthy controls; values represent n (%)

Colorectal cancer (Pre-
operative Samples)  

n = 123

Colorectal cancer (Post-
operative Samples)  

n = 66

Non-tumor diseases  
n = 125

Healthy controls  
n = 88

Age (y)
    < 50 26 (21.1) 10 (15.2) 20 (16) 67 (76.1)
    ≥ 50 97 (78.9) 56 (84.8) 105 (84) 21 (23.9)
Gender
    Male 86 (69.9) 45 (68.2) 59 (47.2) 54 (61.4)
    Female 37 (30.1) 21 (31.8) 66 (52.8) 34 (38.6)
Histological grade
    Well 12 (9.8) 3 (1.5)
    Moderate 79 (64.2) 48 (72.7)
    Poor 26 (21.1) 15 (9.1)
    Unknown 6 (4.9) 0
TNM stage
    I 18 (14.6) 15 (22.7)
    II 39 (31.7) 17 (25.8)
    III 57 (46.3) 30 (45.5)
    IV 9 (7.3) 4 (6.1)
Tumor embolus
    Positive 39 (31.7) 20 (30.3)
    Negative 80 (65.0) 46 (69.7)
    Unknown 4 (3.3) 0
Lymph node metastasis
    Yes 56 (45.5) 27 (40.1)
    No 67 (54.5) 39 (59.1)
Type
    Swelling 50 (40.6) 28 (42.4)
    Ulcer 61 (49.6) 34 (51.5)
    Other types 12 (9.8) 4 (6.1)
Depth of infiltration
    Mucosa 10 (8.1) 6 (9.1)
    Muscular layer 23 (18.7) 11 (16.7)
    Peritoneum 64 (52.0) 35 (53.0)
    Lipid of pericolon 22 (17.9) 13 (19.7)
    Unknown 4 (3.3) 1 (1.5)
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microplates were washed with PBS/0.05% 
(w/v) Tween-20 (PBST, pH 7.4). Then, the wells 
were blocked with blocking buffer at room tem-
perature for at least 1 h. Next, 100 μl crude 
serum samples were added to the wells and 
incubated at room temperature for 2 h. 
Similarly, 100 μl PBST buffer lacking antibody 
was used as a negative control, and 100 μl 
pooled healthy serum was used as a quality 
control in one well of each plate. Following four 
washes with PBST, 100 μl biotinylated antigen-
affinity purified rabbit anti-hGROβ antibody 
(diluted to a final concentration of 0.25 μg/ml) 
was added, and plates were incubated at room 
temperature for 2 h. Then, 100 μl of avidin-
horseradish peroxidase-conjugated secondary 
antibody (1:2000) was added, and the plates 
were incubated at room temperature for 30 
min. The excess conjugates were removed by 
washing the plates four times with PBST. The 
amount of bound conjugate was determined by 
adding 100 μl ABTS liquid substrate solution to 
each well, and allowing the plates to incubate 
at room temperature for color development. 
The absorbance was measured at 405 nm with 
wavelength correction set at 650 nm on a Stat 
Fax 2100 microplate reader (Awareness 
Technology, Inc., Palm City, FL, USA). Reliable 
standard curves were obtained by monitoring 
the plates at 5-min intervals for approximately 
15 min. The O.D. readings did not exceed 0.2 
units for the zero standard concentration or 1.4 
units for the highest standard concentration. 

Immunoluminometric assay for CEA and CA19-
9

The serum CEA and CA19-9 levels were mea-
sured with an immunoluminometric assay on a 
random-access analyzer (Architect i2000, 
Abbott Diagnostics Division) [25]. The recom-
mended cut-off limits for CA19-9 and CEA  
were 37 U/ml and 5 ng/ml, respectively. The 
within-run (intra-assay) analytical variation  
was minimized by using the same lot No. of 
reagent on the same day. Two quality control 
samples of two different concentrations of the 
analyses were included in each assay run, and 
Westgard Multi-rules were used to accept or 
reject runs [26]. A high CEA level was defined 
as exceeding 5 ng/ml, and a high CA19-9 level 
was defined as exceeding 37 U/ml, according 
to the guidelines defined by the manufacturer 
of the test kit.

Statistical analysis

Statistical significance was determined with 
the nonparametric Mann-Whitney U-test (for 
differences between two groups) and the 
Kruskal-Wallis nonparametric test (for differ-
ences among more than two groups) for the 
serum GROβ levels and clinicopathological 
characteristics. Analyses were performed with 
the SPSS 16.0 software package for Windows 
(Chicago, IL, USA). We used the χ2 or Fisher’s 
exact test to analyze the significance of the 
sensitivity between the preoperative serum 
GROβ and CEA or CA19-9 levels. Statistical sig-
nificance was set at P < 0.05. The diagnostic 
significances of GROβ, CEA, and CA19-9 were 
analyzed with receiver operating characteristic 
curve (ROC) analyses. 

Results

Serum GROβ levels in patients with colorectal 
cancer and controls

A total of 336 subjects were enrolled in this 
study. The serum levels of GROβ were mea-
sured with ELISA. Among patients with colorec-
tal cancer, preoperative serum GROβ concen-
trations (range 25.56 to 721.09 pg/ml; median 
= 96.15 pg/ml) were significantly lower than 
the postoperative levels (range 30.35 to 
542.44 pg/ml; median = 167 pg/ml; P < 0.01, 
Figure 1A). However, the preoperative GROβ 
levels in patients with colorectal cancer were 
significantly higher than those in healthy con-
trols (range 29.67 to 185.01 pg/ml; median = 
43.28 pg/ml; P < 0.001) and those in non-
tumor disease controls (range 12.79 to 246.54 
pg/ml; median = 57.30 pg/ml; P < 0.01, Figure 
1A).

Association between serum GROβ concentra-
tions and clinical parameters in patients with 
colorectal cancer

We assessed potential correlations between 
serum GROβ levels and clinical parameters, 
including the TNM stage, lymph node metasta-
sis, tumor embolus, histological grade, depth of 
infiltration, tumor type and patient gender. The 
median levels of GROβ in patients with colorec-
tal cancer at different stages were: stage I: 
77.45 pg/ml (range 27.18 to 110.71 pg/ml); 
stage II: 118.44 pg/ml (range 25.56 to 295.4 
pg/ml); stage III: 105.37 pg/ml (range 40.86 to 
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Figure 1. Comparisons between serum growth-related oncogene product β (GROβ) levels and clinicopathological parameters in colorectal cancer (CRC). (A) Enzyme-
linked immunosorbent assay results show serum GROβ levels in patients with colorectal cancer (CRC), both preoperatively (CRC preo; n = 123) and postoperatively 
(CRC post: n = 66 samples), compared to healthy controls (HC: n = 88) and patients with non-tumor diseases (Non-T controls: n = 125). B-H. Serum GROβ levels were 
compared among samples with different (B) tumor-node-metastasis stages (I-IV), (C) depths of infiltration, (D) histological grades, (E) presence of tumor embolus, (F) 
presence of lymph node (LN) metastasis, (G) gross pathologic tumor types, and (H) patient gender. Boxes represent the distribution of data between the 25th and 
75th percentiles (the internal horizontal line is the median, and the dots indicate outlying points).
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patients with non-tumor diseases, 9.4% 
(20/213) had high CEA levels and 5.2% 
(11/213) had high CA19-9 levels. The sensitivi-
ties of CEA for identifying stage I and stage II 
colorectal cancer were 16.7% (3/18) and 46.1% 
(18/39), respectively. The sensitivities of CA19-
9 for identifying stage I and stage II colorectal 
cancer were 5.6% (1/18) and 12.8% (5/39), 
respectively. In this study, the GROβ values for 
the 213 control samples were not normally dis-
tributed. Therefore, we defined a cut-off value 
for GROβ of 105pg/ml, which represented the 
95th percentile of 213 controls. This cutoff 
value was used to differentiate healthy and 
non-tumor disease control samples from 
colorectal malignant tumor samples. The sensi-
tivity and specificity of serum GROβ were 56.1% 
(69/123) and 95.31% (203/213), respectively. 
The sensitivity of serum GROβ was significantly 
higher than those of CEA (P = 0.041) and CA199 
(P < 0.01). The sensitivities of serum GROβ for 
identifying stage I and stage II colorectal can-
cer were 5.6% (1/18) and 41% (16/39), respec-
tively. There was no significant difference 
between GROβ and CEA in the sensitivity for 
identifying stage I (P = 0.603) or II (P = 0.820) 

721.09 pg/ml); and stage IV: 92.81 pg/ml 
(range 27.09 to 266.28 pg/ml). The serum 
GROβ levels were significantly different 
(Kruskal-Wallis nonparametric test, P = 0.014) 
among the four TNM stages. Compared to 
patients in stage I, serum GROβ levels were sig-
nificantly higher in patients in stages II (Mann-
Whitney U-test, P = 0.001) and III (Mann-
Whitney U-test, P = 0.009, Figure 1B). However, 
there was no significant difference between 
GROβ levels in stages II and III (Mann-Whitney 
U-test, P = 0.715). Furthermore, high GROβ lev-
els were significantly related to the depth of 
tumor infiltration. Patients with peritoneum 
infiltration had significantly higher serum GROβ 
levels (median = 119.78 pg/ml; range 25.56 to 
330.89 pg/ml) than those with muscular layer 
infiltration (median = 90.15 pg/ml; range 27.18 
to 266.28 pg/ml; Mann-Whitney U-test, P = 
0.015) and those with pericolon lipid infiltration 
(median = 71.66 pg/ml; range 27.09 to 721.09 
pg/ml, Figure 1C). However, there was no sig-
nificant difference in serum GROβ levels among 
patients with well-differentiated tumors (medi-
an = 83.66 pg/ml; range 40.86 to 319.82 pg/
ml), moderately-differentiated tumors (median 

= 99.18 pg/ml; range 25.56 to 
330.89 pg/ml), and poorly-dif-
ferentiated tumors (median = 
97.83 pg/ml; range 27.09 to 
721.09 pg/ml; Figure 1D). The 
serum GROβ levels were not 
related to the presence of 
tumor embolus (Mann-Whitney 
U-test, P = 0.711, Figure 1E), 
lymph node metastasis (Mann-
Whitney U-test, P = 0.500, 
Figure 1F), the gross patholog-
ic tumor type (Mann-Whitney 
U-test, P > 0.05, Figure 1G), or 
patient gender (Mann-Whitney 
U-test, P = 0.691, Figure 1H).

Diagnostic evaluation of GROβ, 
CEA, and CA19-9 for colorectal 
cancer

Out of 123 preoperative serum 
samples from patients with 
colorectal cancer, 42.3% (52/ 
123) had high CEA levels and 
17.1% (21/123) had high 
CA19-9 levels. Out of 213 con-
trol serum samples from 88 
healthy individuals and 125 

Figure 2. Receiver operator characteristics (ROC) curve analysis shows the 
performances of GROβ, CEA, and CA19-9. The areas under curve (AUC) 
for GROβ (black line), CEA (green line), and CA19-9 (red line) were 0.834, 
0.739, and 0.676, respectively.
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colorectal cancer. However, the sensitivity of 
GROβ was significantly higher than that of 
CA19-9 for identifying stage II colorectal cancer 
(P = 0.01). When the data for GROβ, CEA, and 
CA19-9 were combined into a panel and the 
samples positive for colorectal cancer were 
pooled, the sensitivity was 22.2% (4/18) for 
identifying stage I and 66.7% (26/39) for identi-
fying stage II. We evaluated the diagnostic 
value of GROβ for identifying colorectal cancer 
in a receiver operating characteristic analysis. 
We compared the results with those for CEA 
and CA19-9. The areas under the curve (AUC) 
were 0.834, 0.739, and 0.676 for GROβ, CEA, 
and CA19-9, respectively (Figure 2). 

Discussion

The present study was the first to demonstrate 
that serum GROβ levels were significantly high-
er in patients with colorectal cancer than in 
healthy individuals and patients with non-tumor 
diseases. Furthermore, we found that serum 
GROβ levels were significantly correlated with 
two clinical parameters of colorectal cancer, 
the TNM stage and the depth of infiltration. 
Thus, serum GROβ may be useful for detecting 
colorectal cancer progression.

Currently, the TNM staging system is the main 
tool used by clinicians to estimate tumor bur-
den and to predict prognosis and survival. We 
found that serum GROβ levels were significant-
ly increased in stage II or III compared with 
stage I colorectal cancer (P < 0.01). The 
increase in serum GROβ concentrations 
observed when patients with colorectal cancer 
demonstrated peritoneum metastasis after 
intestinal wall penetration may reflect an 
enhancement in the potential of tumor cells to 
proliferate and metastasize. However, the 
serum GROβ levels in patients with tumors 
located in the muscularis mucosa were not sig-
nificantly increased compared to the levels in 
patients with tumors limited to the mucosa. 
This finding suggested that the stage change 
related to tumor infiltration depth may not be 
related to serum GROβ levels. However, when 
tumor cells penetrate from the muscularis 
mucosa to the peritoneum, vascular growth is a 
very important molecular event. Interestingly, 
the serum GROβ level was increased signifi-
cantly in this stage, which suggested that GROβ 
might play a key role in angiogenesis and vas-
culogenesis [10].

Patients with distant metastases out of the 
intestine exhibited significantly decreased 
GROβ levels compared to patients with metas-
tases to the peritoneum. These results sug-
gested that GROβ may initiate and promote the 
different stages of colorectal cancer metasta-
sis by stimulating complicated cross-talk 
between immunocytes and tumor cells. The 
detailed interactions involved in this process 
must be further investigated.

The histological grade of tumors is also an 
important indicator associated with the devel-
opment and prognosis of cancer [27]. However, 
the serum GROβ levels were not significantly 
different in colorectal cancer patients with dif-
ferent histological tumor grades (P > 0.05) in 
this study.

We found that, after surgery, patients with 
colorectal cancer displayed significant increas-
es in serum GROβ levels compared to those 
measured before surgery. This increase sug-
gested that GROβ may be important for tissue 
regeneration after resection, consistent with 
results from a previous study [28].

In the present study, we used a control group 
that comprised patients with non-tumor diseas-
es, including benign neoplasms, ulcers, enteri-
tis, obstructions, digestive system bleeding, 
and other common systemic diseases. This 
study design was different from those used in 
many other biomarker discovery studies. We 
used this strategy to challenge the reliability of 
the candidate biomarker in a differential 
diagnosis.

Several studies have reported correlations 
between GROβ expression and inflammation 
and angiogenesis related to tumor growth [7, 
11, 15, 29]. However, most of those studies 
focused on GROβ expression in tumor tissues 
and cells. No report has studied serum GROβ in 
patients with cancer, except for one study on 
esophageal squamous cell carcinoma [23]. 
Here, we analyzed serum GROβ levels in 123 
patients with colorectal cancer and estimated 
the potential of serum GROβ for diagnosis com-
pared to CA19-9 and CEA, two widely used 
serum biomarkers for colorectal cancer [30]. A 
ROC AUC value up to 0.7 is typically statistically 
significant for a biomarker [31]. The ROC AUC 
for GROβ was 0.834, larger than that for CEA 
(0.739), which was considered a statistically 
significant colorectal cancer predictor; in con-
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trast, the ROC AUC for CA19-9 was 0.676. 
Although the quantity of samples in our study 
may have been insufficient for claiming superi-
ority, we found that, under the same conditions, 
GROβ displayed a higher sensitivity for predict-
ing colorectal cancer (56.1%; 69/123) than 
CEA (42.3%; 52/123) and CA19-9 (17.1%; 
21/123).

The patients with colorectal cancer in stages I 
and II could undergo complete tumor resection, 
which provided an improved prognosis. Our 
data strongly suggested that, by analyzing the 
levels of GROβ, CEA, and CA19-9, successful 
diagnosis of early-stage colorectal cancer could 
be increased from 16.7% (3/18) to 22.2% 
(4/18) for stage I and from 46.1% (18/39) to 
66.7% (26/39) for stage II; however, the sensi-
tivities of GROβ alone in stages I and II were a 
bit inferior to those of CEA alone. Therefore, our 
results showed that combining GROβ with CEA 
and CA19-9 could increase the sensitivity of 
the diagnosis of colorectal cancer. In addition, 
our findings suggested that GROβ may be 
potentially useful for the early detection of 
colorectal cancer; however, this interpretation 
was based on only a limited number of patients 
with early stage colorectal cancer.

In conclusion, we found that serum GROβ levels 
were increased in patients with colorectal can-
cer. The GROβ levels in patients with colorectal 
cancer were positively correlated with TNM 
stage and depth of infiltration, but not with 
lymph node metastasis, histological grade, 
tumor embolus, histological grade, gross patho-
logic tumor type, or patient gender. Our results 
suggested that GROβ may function as an onco-
gene, with roles in tumor formation, progres-
sion, and metastasis.

However, the role and significance of GROβ in 
colorectal cancer remain uncertain, due to 
insufficient data. More advanced studies are 
therefore needed to clarify the roles of GROβ in 
tumorigenesis. Those studies may result in 
novel diagnostic and therapeutic applications 
for patients with colorectal cancer. Moreover, 
because our statistical data were limited, cross 
validations are needed to evaluate the sensitiv-
ity and specificity of GROβ in a large-scale vali-
dation study. In conclusion, GROβ may be use-
ful as both a tumor marker and a target for new 
immunotherapies.
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