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Introduction

Although surgery and radiation therapy effectively con-
trol many cancers at their primary sites, the development 
of metastatic disease signals poor prognosis [1]. Metastatic 
tumors, rather than the primary ones, are responsible for  
90 % of all cancer deaths [2]. According to Cancer Facts and 
Figures 2010, if metastasis has developed at diagnosis, the 
5-year relative survival rates in gastrointestinal cancers are 
very low (2 to 3 % for liver, colon, pancreas and esophagus 
cancer, and 11 % for stomach cancer). In other words, the 
prognosis of gastrointestinal cancer patients can be greatly 
improved by early detection or prediction of the meta-
static potential of the primary tumor. This urges the need 
of biomarker development. In this review, we will discuss 
biomarkers identified in gastrointestinal cancers including 
hepatocellular carcinoma (HCC), colorectal cancer (CRC), 
gastric cancer (GC), pancreatic cancer (PC) and esophageal 
cancer (EC).

Biomarkers are indicators of specific biological state, 
which is crucial for patient therapeutic management and 
treatment strategy. Currently, there are some established bio-
markers reported, including markers already used in clinic 
such as CEA, CA19-9 and AFP. Other established tumor/
predictive markers such as ras oncogene mutations, mucin 
4, LSA or CD31, yet their correlations with metastasis of 
gastrointestinal cancers are limiting and will not be dis-
cussed in this review. CEA has been extensively studied in 
GC, CRC and PC. According to the ASCO 2006 recommen-
dations, although high preoperative CEA (>5 ng/mL) may 
correlate with poorer prognosis of CRC patients, data are 
insufficient to support the use of CEA to determine whether 
to treat a patient with adjuvant therapy [3]. In accordance, 
the preoperative CEA level did not show significant associa-
tion with metastasis in most gastrointestinal cancer studies 
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[4, 5]. Regular monitoring of postoperative CEA level has 
been suggested for detecting recurrent or metastatic disease 
in asymptomatic CRC patients [3]; however, a rising CEA 
level may occur in patients with non-malignant liver dis-
ease since clearance of CEA is affected by impaired liver 
function [6, 7]. Moreover, CEA level could be increased by 
the application of a new therapy, such as oxaliplatin, dur-
ing the first 4–6 weeks of application [8, 9]. Therefore, it 
is necessary to include other markers to monitor the patient 
disease status more accurately. CA19-9 has been suggested, 
but present data are still insufficient for supporting their use 
in this purpose [3]. The application of CA19-9 in monitor-
ing recurrence and metastasis is still controversial according 
to the results from different study groups [10–12]. Serum 
alpha-fetoprotein (AFP) is widely used as a surveillance and 
detection test for HCC among patients with cirrhosis, yet 
its performance is limited, particularly in early stage HCC 
[13–16]. Moreover, to the best of our knowledge, its cor-
relation with metastasis of HCC has not been reported. AFP 
was also studied in AFP-producing GC, yet the correlation 
of elevated AFP with liver metastasis lacks consistency [17, 
18].

Moreover, according to the clinical studies of these 
established biomarkers, it shows that elevation of their 
levels identifies a group of high risk patients to develop 
metastatic disease, whereas those with low levels still have 
a certain chance to develop metastasis. It is possibly due 
to heterozygous biology of tumors from different patients. 

These clinical results urge that additional biomarkers with 
higher sensitivity and specificity are necessary for predict-
ing the presence of future metastasis. In some recent stud-
ies, the newly identified biomarkers even showed better 
prognostic values over the above conventional biomarkers.

Understanding the molecular mechanism of metastasis 
provides a basis for the discovery of biomarkers that predict 
future development of metastasis. Basically, cancer cells 
from a primary site give rise to a metastatic tumor through 
the following processes: epithelial-mesenchymal transition 
(EMT), cancer cell invasion and migration, intravasation, 
survival within the circulation, extravasation, colonization 
at distant organs, and metastatic tumor angiogenesis [19]. 
Molecular pathways such as cadherin–catenin interaction, 
integrin signaling and PI3K/Akt/mTOR signaling have been 
demonstrated to regulate the cancer metastasis processes 
(Fig. 1), thus genes involved in these pathways might serve 
as biomarkers for predicting future metastasis. Moreover, 
the presence of a subpopulation of cancer stem cells (CSCs) 
within a bulk tumor is found to be responsible for the devel-
opment of metastasis; hence, surface makers which identify 
CSCs are potential biomarker for predicting metastasis. The 
recent findings and updates of these potential biomarkers 
are summarized in Table 1.

In the following, we will list some recently identified  
proteins which showed variation in clinical metastatic and 
non-metastatic tumors, and discuss how these potential bio-
markers, detected in peripheral blood and/or primary tumors,  

Fig. 1   Involvement of 
cadherin-catenin interaction, 
integrin signaling pathway and 
PI3K/Akt/mTOR pathway in 
the cancer metastasis process, 
whereas cancer cells processing 
cancer stem cell properties are 
more prominent in the meta
stasis process
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Table 1   Recent findings and updates of biomarkers for predicting future metastasis of gastrointestinal cancers

Gene Origin Measurement Correlation Ref

Cadherin–catenin interaction

 E-cadherin HCC IHC
(< or = 90 % tumor cells: reduced)
(>90 % tumor cells: normal)

Reduced expression was correlated  
with invasion and metastasis

[21]

CRC IHC
(<80 % tumor cells: reduced)
(>80 % tumor cells: preserved)

Reduced membranous expression:
Lymph node metastasis
Recurrence

[22]

GC IHC
Staining intensity
(tumor cells as strong as normal  

epithelial cells: preserved)
(weaker in tumor cells: reduced)

Reduced expression had greater extent of:
Lymph node metastasis
Lymphatic invasion
Venous invasion

[24]

GC IHC
(normal: strong and membranous)
(abnormal: others)

Abnormal expression:
Lymph node metastasis
Lymphatic invasion

[23]

GC qRT-PCR of RNA extracted from  
primary specimens

Tumor vs. normal mucosa
(< or = 2: down-regulation)
(>2: up-regulation)

Down-regulation was correlated  
with distant metastasis

[25]

Soluble  
E-cadherin

GC Serum level by ELISA
(cut-off: >10,000 ng/ml)

Higher than cut-off value:
Recurrence

[28]

GC Serum level by ELISA
(cut-off: >7,025 ng/ml)

Higher than cut-off value:
Tumor (T4) depth invasion

[29]

HCC Serum level by ELISA
(cut-off: > or = 8,000 ng/ml)

Higher than cut-off value:
Early recurrence
Extrahepatic metastasis

[30]

Snail HCC qRT-PCR of RNA extracted  
from PBMCs

Snail mRNA level was 18.8-fold  
higher in HCC with extrahepatic  
metastasis

[39]

HCC qRT-PCR of RNA extracted  
from primary specimens

Snail mRNA level was significantly  
higher in HCC with capsular invasion

[46]

HCC qRT-PCR of RNA extracted  
from primary specimens

Snail mRNA level was significantly  
higher in HCC with portal vein  
invasion and intrahepatic metastasis

[47]

EC IHC
(>10 % tumor cells: positive)
(<10 % tumor cells: negative)

Tumors with positive Snail expression  
invaded deeper (p = 0.0385), had more  
distant lymph node metastasis

[49]

Slug CRC IHC
(<10 % tumor cells: negative)
(>10 % tumor cells: positive)

Positive expression correlated with  
distant metastasis

[50]

GC qRT-PCR of RNA extracted  
from primary specimens

Tumor vs. normal mucosa
(>2: upregulation)
(< or = 2: downregulation)

Upregulation was correlated  
with distant metastasis

[25]

GC IHC
(>10 % tumor cells: positive)
(<10 % tumor cells: negative)

Positive expression had greater extent of:
Depth of tumor invasion
Lymph node metastasis
Lymphatic invasion
Venous invasion
Peritoneal recurrence

[24]

ESCC IHC
(>10 % tumor cells: positive)
(<10 % tumor cells: negative)

Positive expression correlated with  
lymphatic invasion and venous invasion

[51]



3634 L. Ng et al.

1 3

Gene Origin Measurement Correlation Ref

 Twist HCC Tissue microarray by immunostaining  
of primary and metastatic HCCs

Twist expression associated with HCC  
metastasis

[54]

HCC IHC
Staining
(Extent + percentage >2: positive)
(Extent + percentage <2: negative)

Positive expression:
Intrahepatic and extrahepatic metastasis

[55]

HCC IHC
(< or = 10 % tumor cells: negative)
(>10 % tumor cells: positive)

Positive expression:
Invasion and metastasis

[21]

HCC IHC Nuclear overexpression:
Metastasis

[53]

CRC qRT-PCR mRNA expression in tumor tissues  
correlated with lymph node metastasis

[56]

GC IHC
Staining
(Extent + percentage > or = 3: positive)
(Extent + percentage < 3: negative)

Higher Twist expression:
Lymph node metastasis

[58]

GC IHC Twist positive expression:
Lymph node metastasis

[59]

GC IHC
Staining intensity
(0–1: low)
(2–3: high)

High expression:
Depth of invasion
Lymph node metastasis
Distant metastasis

[57]

EC IHC Twist positive expression:
Lymphatic metastasis

[60]

EC qRT-PCR
normalized with GAPDH
(>twofold: overexpression)
(<twofold: underexpression)

Overexpression of Twist:
Depth of tumor invasion
Lymph node metastasis

[61]

EC IHC Twist expression correlated with distant  
metastasis after esophagectopmy

[62]

EC IHC
Twist expression:
(negative or weak: low)
(moderate or strong: high)

High level of twist expression associated  
with a higher risk for the patient to  
develop distant metastasis

[63]

 Vimentin HCC IHC Upregulation in metastatic HCC as  
compared to primary cases

[41]

GC qRT-PCR of primary specimens mRNA expression:
Recurrence
Distant metastasis

[40]

GC qRT-PCR of bone marrow RNA
normalized with GAPDH
(>threshold: positive)
(<threshold: negative)

Positive expression:
Tumor invasion
Lymph node metastasis
Lymphatic invasion

[44]

 ZEB1 HCC Western blotting
ZEB1 vs. GAPDH intensity
(>0.3: high)
(<0.3: low)

High expression:
Intrahepatic metastasis
Vascular invasion
Early recurrence

[68]

 Nanog CRC IHC Lymph node metastasis [72]

 p28GANK HCC IHC
Staining density
Lower than the median: low
Higher than the median: high

High expression:
Vascular invasion
Intrahepatic metastasis
Distant metastasis

[73]

 EIF5A2 HCC qRT-PCR High expression was correlated with  
tumor venous infiltration

[71]

HCC qRT-PCR Overexpression was correlated with metastasis [70]

CRC IHC
ROC curve to determine the cut-off  

score for the overexpression

Overexpression:
Lymph node metastasis
Distant metastasis

[69]

Table 1   continued
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Gene Origin Measurement Correlation Ref

 PRL-3 CRC ISH mRNA expression was elevated in nearly  
all metastatic lesions comparing to normal  
colon and non-metastatic CRCs

[76]

CRC ISH
(>10 % tumor cells showed elevated level  

comparing to internal control: high)
(>90 % tumor cells showed no elevated  

level comparing to internal control: low)

High expression detected more frequently  
in CRCs with liver and lung metastasis,  
and higher in CRCs with venous invasion

[77]

CRC IHC Positive expression was a predictor for  
liver metastasis

[79]

CRC qRT-PCR
Normalized by expression in normal  

mucoses

High expression:
Liver or lung metastasis
Vascular or lymphatic invasion

[78]

CRC IHC
Expression
(< or = 5 %: low)
(6–30 %: median)
(>30 % tumor cells: strong)

Increase percentage of strong expression  
in tumor bud of patient:

Lymph and blood vessel invasion

[80]

CRC qRT-PCR Mean expression was significantly higher  
in CRC patients with lymphatic invasion,  
vascular invasion or liver metastasis

[75]

GC IHC
Number of stained cells and staining  

intensity
Almost no positive cells: negative
5–50 % tumor cells showed weak  

to moderate staining: low
>50 % tumor cells showed strong  

staining: high

Expression associated with:
Lymphatic invasion
Venous invasion
Extent of lymph node metastasis
Nodal metastasis

[81]

GC ISH
Staining compared to internal control:
(>25 % tumor cells showed higher  

intensity: high expression)
(Negative or no increase in staining:  

low/none expression)

Incidence of high PRL-3 expression:
Lymphatic invasion
Venous invasion
Extent of lymph node metastasis
Nodal metastasis

[84]

GC IHC
Staining
<10 % tumor cells with weak staining: low
10–50 % positive: moderate
>50 % tumor cells with strong  

inetnsity: strong

High expression:
Depth of cancer invasion
Lymph node metastasis

[83]

GC IHC
Staining score
no stained cells: 0
faint intensity or <10 % staining cells: 1
moderate intensity: 2
strong intensity: 3

Overexpression (score 2 or 3):
Lymphatic permeation
Vascular permeation
Lymph node metastasis

[82]

GC IHC
Staining
<5 % tumor cells: negative
>5 % tumor cells: positive

Positive expression
Extent of lymph node metastasis
Lymphatic invasion

[85]

HCC qRT-PCR
Expression level expressed as PRL-3/β-actin

High expression correlated with vascular  
invasion

[86]

HCC qRT-PCR
Expression level expressed as PRL-3/18S rRNA
IHC
Percentage of stained cells
<20 % tumor cells: negative
> or = 20 % tumor cells: positive

High mRNA expression:
Portal vein invasion
Vascular invasion
Positive expression:
Hepatic vein invasion
Vascular invasion
Tumor stage

[87]

Table 1   continued
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EC IHC
Immunoreactive score: intensity × extent  

score (range from 0 to 12)
(> or =4: positive)
(<4: negative)

PRL-3 overexpression:
Lymph node metastasis
Vascular invasion

[89]

EC Semiquantitative RT-PCR
Expression level expressed as PRL-3/β-actin

Frequency and level of PRL-3 expression was  
higher in ESCC with lymph node metastasis

[88]

 Stathmin HCC qRT-PCR
Expression
(tumor:adjacent liver > threefold:  

overexpression)

Overexpression:
Local invasion
Early HCC recurrence
HCC recurrence

[91]

CRC IHC
Overall protein expression score was  

calculated by score of staining  
intensity × score of staining area

(< or = 8: low)
(>8: high)

High expression:
Tumor invasion
Lymph node status

[90]

 β-Catenin HCC IHC Positive staining:
Microvascular invasion
High tumor node metastasis stage
Concomitant expressed with HIF-1α:
Intrahepatic metastasis
Microvascular invasion

[99]

GC IHC Positive staining:
Reduced in mucinous gastric cancer which  

was more aggressive and metastatic

[102]

GC IHC Loss of membranous or appearance of nuclear  
expression correlated with lymph node metastasis

[101]

CRC IHC
Expression on cell–cell boundaries of tumor cells 

compared with normal epithelial cells:
(Equal to normal: preserved)
(Weaker or variable: Reduced)

Reduced expression:
Lymph node metastasis
Metastasis

[103]

CRC IHC
Membranous expression
(>80 % tumor cells: preserved)
(<80 % tumor cells: reduced)

Reduced expression:
Lymph node metastasis

[22]

CRC IHC
Nuclear expression

Positive nuclear accumulation was associated  
with lymph node metastasis

[104]

CRC IHC
Cytoplasmic expression
(< or = 10 %: negative)
(>10 %: positive)

Positive cytoplasmic expression:
Lymph node metastasis
Distant metastasis

[105]

CRC IHC
Expression
(Similar to normal colonic or rectal  

crypt: membranous)
(Nuclear accumulation throughout  

the tumor: NA)
(Nuclear accumulation at tumor  

invasive front only: NAinv)

NAinv pattern correlated with distant  
metastasis

[106]

Gastroentero-
pancreatic

IHC
Expression
(Subcellular localisation of immunostaining: 

membranous, nuclear or cytoplasmic)

Nuclear expression correlated with  
metastasis

[107]

EC IHC
Membranous staining
>70 % cells: preserved expression
<70 % cells: reduced expression

Reduced expression correlated with  
invasion depth and lymph node metastasis

[108]

 CDK8 GC IHC Expression was associated with lymph  
node metastasis

[111]

Table 1   continued
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Gene Origin Measurement Correlation Ref

 VLDLR II GC IHC
Average intensity = intensity × percentage  

area stained

High expression:
Lymph node metastasis
Distant metastasis
Advanced TNM stage

[113]

 L1 CRC IHC
(>5 % tumor cells: positive)
(<5 % tumor cells: negative)

Positive expression
Distant metastasis
Recurrence

[22]

PC IHC
(>10 % tumor cells: positive)
(<10 % tumor cells: negative)

L1CAM positive expression correlated  
with lymph node involvement and distant  
metastasis

[110]

PC IHC
Staining score = intensity × percentage of cells
(<30: negative)
(> or = 30: positive)

L1CAM positive expression correlated  
with node involvement and vascular invasion

[109]

 Soluble L1 Gastrointestinal 
stromal  
tumor

Serum level by ELISA
(>2 ng/ml: high)
(<2 ng/ml: low)

High level associated with recurrence [97]

 TC1 GC IHC Overexpression:
TNM stage
depth of invasion
lymph node metastasis
lymphatic infiltration

[114]

 EPLIN CRC Microarray
IHC

Expression of transcripts was lower in  
metastatic colon cancer

Expression was significantly decreased  
in lymph node metastatic tumors

[116]

 NM23-H1 HCC IHC Expression was negatively correlated  
with intrahepatic metastasis

[117]

GC Northern blot analysis Downregulation correlated with serosal  
invasion and nodal metastasis

[118]

CRC IHC Expression was negatively correlated  
with lymph node metastasis

[121]

CRC IHC
Score based on intensity and percentage  

of stained area

Underexpression was correlated  
with distant metastasis

[105]

EC IHC
(<10 % of cells: negative)
(10–50 %: positive)
(>50 %: strongly positive)

Decreased expression of NM23H1 correlated  
with lymph node metastasis

[119]

EC IHC
(<10 % of cells: negative)
(10–50 %: positive)
(>50 %: strongly positive)

Decreased expression of NM23H1 correlated  
with tumor invasion and lymph node  
metastasis

[120]

 c-myc CRC IHC
Score based on intensity and percentage  

of stained area

Expression was correlated with distant  
metastasis

[105]

Integrin signaling

 Serum β1integrin GC Serum level by ELISA
Compared with cut-off value  

(5.2 μg/ml)

Higher serum level:
Lymph node metastasis
Remote metastasis

[124]

 Blood β1integrin GC qRT-PCR of blood RNA
Expression level of targets mRNA was 

expressed as 2–ΔCt, ΔCt  =  Ct(targets 
mRNA) − Ct(GAPDH)

Higher mRNA expression:
Higher TNM stage
Lymphatic metastasis
Distant metastasis

[125]

 PBMC β1integrin PC PBMC Triplex qRT-PCR Assay
The copy number was quantified  

with regard to the standard curve

The expression correlated with  
liver metastasis and clinical stage

[128]

PC PBMC Triplex qRT-PCR Assay
The copy number was quantified  

with regard to the standard curve

The expression correlated with clinical  
stage, lymph node and liver metastasis

[129]

Table 1   continued
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 β1integrin HCC Western blotting to detect  
phospho-β1integrin (T788/789)

Positive expression was correlated  
with vascular invasion

[136]

GC IHC
Staining index = intensity × proportion  

of positive cells
(< or = 3: low)
(>3: high)

High expression:
Depth of invasion
Vessel invasion
Lymph node metastasis
Distant metastasis
TNM stage

[137]

 α2β1 and α3β1  
integrins

GC IHC α2β1 expression:
Lymph node metastasis
Liver metastasis
α3β1 expression:
Liver metastasis
Peritoneal metastasis

[138]

 α3 integrin HCC IHC
Mean number of positive stained  

cells in 10 randomly chosen  
microscopic fields

Mean number of positive stained cells  
was higher in HCC with metastasis  
than that without metastasis

[139]

 αvβ3 integrin PC IHC
Intensity
no, faint or equivocal: negative
unequivocal or strong: positive

Positive expression correlated with  
advance stage and node involvement

[140]

 Plasma OPN GC Blood sample by ELISA Higher median plasma level:
Serosal invasion
Lymph node metastasis
Lymphatic invasion
Venous invasion
Liver metastasis

[131]

HCC Blood sample by ELISA Higher plasma level:
TNM stages
Recurrence

[133]

HCC Blood sample by ELISA
(cutoff value based on ROC curve: 

100 ng/ml)
(<100 ng/ml: low)
(> or = 100 ng/ml: high)

Higher plasma level group:
Recurrence

[132]

ESCC Blood sample by enzyme  
immunoassay

High OPN level was associated  
with lymph node metastasis

[134]

 OPN CRC qRT-PCR
normalized by mRNA level of β-actin
Cutoff value based on log-rank plot  

analysis: 0.276
(mRNA level < 0.276: low)
(mRNA level > or = 0.276: high

High expression:
Lymph node metastasis
Lymphatic invasion
Venous invasion
TNM stage

[141]

HCC RT-PCR and signal measured by gel  
electrophoresis

mRNA level determined by ratio  
of signal intensity to that of S26

(< or = 0.6: no overexpression)
(>0.6: overexpression)

mRNA overexpression:
Portal vein invasion
Early recurrence

[142]

HCC cDNA microarray Overexpression:
Good diagnostic value for metastatic HCC patients

[143]

GC IHC
Staining:
(negative: −)
(weak or focal expression: 1+)
(moderate expression with focal strong  

expression: 2+)
(strong expression: 3+)

High protein expression:
Tumor depth
Hematogenous metastasis
Positive expression (1 + to 3 +):
Tumor depth
Regional lymph node metastasis
Hematogenous metastasis

[144]

 OPN fragment HCC qRT-PCR Overexpression was detected in metastatic  
HCC as compared with non-metastatic samples

[145]

Table 1   continued
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 Cyr61 GC qRT-PCR of blood RNA
Expression level of targets mRNA was 

expressed as 2–ΔCt, ΔCt  =  Ct(targets 
mRNA) − Ct(GAPDH).

Higher mRNA expression:
Higher TNM stage
Distant metastasis

[125]

GC IHC
Intensity
(<50 % tumor cells: low)
(>50 % tumor cells: high)

High intensity correlated with status of lymph  
node metastasis

[126]

ESCC qRT-PCR
Expression level of targets mRNA was expressed 

as 2–ΔCt, ΔCt  =  Ct(targets mRNA) − Ct(β-
actin).

High expression correlated with regional  
lymph node metastasis

[147]

 Cyr61 and CTGF HCC qRT-PCR
Relative yield of PCR product to that  

of β-actin

High expression correlated with portal vein  
invasion

[148]

 SPARC GC IHC
Staining index
(< or = 3: low)
(> or = 4: high)

High expression:
Depth of invasion
Vessel invasion
Lymph node metastasis
Distant metastasis
TNM stage

[137]

GC IHC
Staining
(no or trace staining: negative)
(moderate or strong staining : positive)

Positive staining:
Depth of invasion
Lymph node metastasis
Lymphatic invasion
Perineural invasion

[150]

ESCC IHC
Staining
(No detectable or only trace staining:  

negative)
(Low, moderate or high levels: positive)

High SPARC expression associated with  
lymph node metastasis

[151]

 Serum ANGPTL4 HCC Serum level by ELISA
Cutoff value determined by ROC analysis: 

93.5 ng/ml
(<93.5: negative)
(> or = 93.5: positive)

High serum level:
Macrovascular invasion
Intrahepatic metastasis

[127]

 ANGPTL4 CRC IHC Expression:
Depth of invasion
Venous invasion

[152]

GC IHC
Percentage of cells stained:
(0–10 % tumor cells: negative)
(>10 % tumor cells: positive)

Positive:
Depth of invasion
Lymph node metastasis
Lymph duct invasion
Venous invasion
TNM stage

[234]

 ILK CRC IHC
Intensity:
(negative: 0)
(weak staining: 1)
(moderate staining: 2)
(strong staining: 3)

Expression:
Depth of invasion
Lymph node metastasis

[155]

GC RT-PCR
IHC
Staining:
(<50 % tumor cells: weak)
(>50 % tumor cells: strong)

Positive expression was correlated  
with lymph node metastasis

Strong expression:
Depth of invasion
Lymph node metastasis

[156]

 Tβ4 CRC IHC
Score = intensity × area
(<mean score: low)
(>mean score: high)

High expression was associated  
with distant metastasis

[160]

Table 1   continued
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 Cten CRC IHC
Assessed using H-score
(<150: low)
(>150: high)

High expression:
Lymph node metastasis
Extra-mural vascular invasion
Distant metastasis

[161]

 FAK and  
phospho  
FAK (Tyr397)

HCC IHC
Staining:
(< or = 20 % tumor cells: negative)
(>20 % tumor cells: positive)
FAK mRNA by qRT-PCR

Positive expression:
Capsular invasion
Vascular invasion
Intrahepatic metastasis
Overexpression:
Advance TNM stage
Metastasis

[163]

 FAK GC IHC
Staining:
(<10 % tumor cells: no staining)
(> or = 10 %: Positive)
Gene amplification by FISH
FAK/CEB8 ratio:
(> or = 2 in more than 10 % tumor cells: high)

Positive expression:
Depth of invasion
Nodal metastasis
Distant metastasis
Lymphatic invasion
Venous invasion
Perineural invasion
High level amplification:
Nodal metastasis
Distant metastasis
Lymphatic invasion
Venous invasion
Perineural invasion

[164]

GC or  
CRC l

IHC
Staining:
(negative to mild: low)
(moderate to strong: high)

High expression:
Extent of invasion
Metastasis

[165]

EC IHC
More than 40 % cells stained more intensely  

than the normal epithelium: overexpression

Overexpression:
Depth of tumour invasion
Presence of regional lymph node metastasis
Number of lymph node metastases

[166]

PC IHC
More than 5 % tumor cells were positively 

stained was considered positive

Positive staining correlated with distant  
metastasis

[167]

 MAP4K4 HCC IHC
Cutoff determined by median percentage  

of stained tumor cells: 10 %
(> or = 10 %: high)
(<10 %: low)

High expression:
Intrahepatic metastasis
TNM stage

[169]

CRC IHC
Staining score = intensity × area
(<4: low)
(> or = 4: high)

High expression:
Lymph node metastasis
Tumor invasion

[170]

PC IHC
Cytoplasmic staining
(> or = 10 % tumor cells: positive)
(<10 % tumor cells: negative)

Positive staining:
Recurrence/Distant metastasis
Average number of positive lymph nodes

[171]

 Grb7 HCC IHC
Staining:
(<20 % tumor cells: negative)
(>20 % tumor cells: positive)

Positive expression:
Portal venous invasion
Hepatic venous invasion
Intrahepatic metastasis

[172]

PC IHC
Staining:
(>20 % tumor cells: positive)
(<20 % tumor cells: negative)

Positive expression correlated with lymph node 
metastasis

[173]

 LOXL2 GC IHC
Staining = intensity × percentage  

of stained cells
(no staining: 0)
(faint, moderate to strong in 0 to 25 % cells: 1)
(moderate or strong in 25 to 50 % cells: 2)
(Strong in > or = 50 % cells: 3)

Higher expression
Lymph node metastasis
Tumor invasion

[174]

Table 1   continued



3641Biomarkers for predicting metastasis

1 3

Gene Origin Measurement Correlation Ref

 Egfl7 HCC IHC
Staining:
(< or = 10 %: negative)
(>10 %: positive)

Positive expression:
Tumor nodule numbers
Capsular formation
Venous invasion

[175]

 Egfl8 CRC qRT-PCR Downregulation
Distant metastasis
TNM stage

[176]

 SCARA5 HCC IHC
Intensity
(0: negative)
(1: low)
(2: Moderate)
(3: High)
(4: Strong)

Protein level was significantly lower in HCC with 
portal vein tumor thrombosis (PVTT), which was 
associated with cellular invasion, venous permea-
tion, and perhaps even metastasis

[179]

PI3K/Akt/mTOR signaling

 Phospho Akt GC IHC
>10 % tumor cells with moderate to strong  

staining: positive
Others: negative

Overexpression:
Depth of invasion
Lymph node metastasis

[179]

ESCC IHC
Staining
>50 % tumor cells stained positive:  

High expression
< or = 50 % tumor cells stained positive:  

Low expression

High expression correlated with depth of tumor inva-
sion

[186]

 Phospho mTOR GC IHC
Staining of tumor cells
(no staining or staining weaker than normal: 

underexpression)
(staining similar to normal: normal)
(staining stronger than normal:  

overexpression)

Overexpression was correlated with lymph node 
metastasis

[187]

 mTOR GC IHC
Scoring = intensity × percentage of stained cells
No expression (Score 0): negative
Any expression (Score 1-12):  

positive

Higher expression was correlated with distant metas-
tasis in foregut.

[188]

 Phospho mTOR GC IHC
Scoring = extent × percentage of stained cells
(< or = 2: negative)
(>2: positive)

Expression was correlated with extent  
of lymph node metastasis

[189]

 mTOR CRC IHC
Scoring = intensity × percentage of stained cells
(<20: negative)
(>20: positive)

Expression was correlated with depth of tumor 
infiltration

[190]

 HOXB7 CRC IHC
Intensity
(moderate or strong staining with  

at least 50 % stained cells: high)
(no or weak staining with less than 50 % stained 

cells: low)

High level was correlated with distant metastasis [191]

PDA IHC
Histoscore = staining intensity × percent tumor 

cell staining

High expression correlated with lymph  
node metastasis

[192]

 YKL-40 GC IHC
Staining index = intensity × percentage of 

stained cells
(<4: no overexpression)
(> or = 4: overexpression)

Overexpression:
Tumor invasiveness
Lymphatic metastasis
TNM stage

[183]
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 BMI1 GC IHC
>10 % tumor cells with moderate to strong  

staining: positive
Others: negative

Higher expression correlated with lymph  
node metastasis

[185]

PC IHC
Cases with >10 % of cells stained  

nuclear were regarded as positive

Positive staining was associated  
with lymph node metastasis

[193]

ESCC IHC
Score: intensity × percentage of stained cells
(<4: low overexpression)
(> or = 4: high expression)

High expression was associated with lymph  
node metastasis

[194]

Cancer stem cell identification

 CD26 CRC Percentage of CD26+ cells determined  
by flow cytometry

Higher percentage:
Microscopic vascular invasion
Distant metastasis

[197]

 CD133 CRC qRT-PCR of blood RNA
Expression expressed as ratio to GAPDH
(>cut-off (3.4 × 10−4): Positive
(<cut-off (3.4 × 10−4): Negative

Positive expression:
Hematogenous metastasis

[198]

CRC qRT-PCR of PBMC
Amount of target was normalized to GAPDH  

and relative to calibrator
Cutoff value: 4.79

mRNA level > or = 4.79 was correlated  
with recurrence

[199]

GC IHC
RT-PCR
Expression as brightness scale value (BSV)  

ratio of CD133 strip and control strip

Positive protein expression:
Lymph node metastasis
TNM stage
Lymphatic vessel infiltration
Depth of tumor invasion
mRNA expression was correlated with lymph node 

metastasis

[201]

PC IHC Expression correlated with venous invasion [203]

PC IHC
Tumor cells distinctly stained: positive

Positive staining:
lymphatic invasion
lymph node metastasis

[204]

 CD24 GC IHC Positive expression:
Lymphatic invasion
Vascular invasion

[206]

HCC IHC
Staining score = intensity × percentage  

of stained cells
(0 to 3: negative)
(4 to 9: positive)

High expression:
Diffused intrahepatic recurrence
Distant metastasis

[205]

HCC qRT-PCR
Expression cutoff value of tumor/non-tumor: 3
(<3: low)
(>3: high)

High expression:
Recurrence in the 1st year after surgery
Venous infiltration

[207]

PC IHC
Staining score = intensity × percentage  

of stained cells
(<2: negative)
(between 2 and 6: weakly positive)
(>6: strongly positive)

Positive expression:
Nodal metastasis
Microscopic lymphatic invasion
Venous invasion
Neural invasion

[208]

 CD133 and CD44 HCC IHC
Score:
(none: 0)
(0.01 to 5 % tumor cells: 1)
(> or = 5 % tumor cells: 2)
Percentage of CD133/CD44 cells  

determined by flow cytometry

CD133 score was stronger in metastatic group  
and associated with vascular invasion

CD44 score was higher in metastatic group,  
and higher in tumor edge as compared  
with the tumor bulk

More CD133/CD44 cells were associated  
with portal vein metastasis

[202]

 Epithelial and  
variant CD44

CRC RT-PCR of RNA extracted from PBMC Expression rate in PBMC was correlated with TNM 
stage and could predict distant metastasis

[211]
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are associated with metastasis of gastrointestinal cancers. 
Focus will be placed on biomarkers present in peripheral 
blood due to the ease of detection and the possibility of post-
operative monitoring of the patient. Finally, we will briefly 
discuss how certain proteins are involved in tumor microen-
vironment modification to facilitate cancer cell metastasis.

Cadherin–catenin interaction

At the cellular level, the early stages of cancer metastasis are 
characterized by cancer cell dissemination, which is the loss 
of contact with neighboring cells and an increase in invasive 
capacity. Such process is known as EMT, in which epithelial 
cells acquire a fibroblast-like morphology, enhanced motil-
ity, and gene expression patterns characteristic of mesen-
chymal cells. Loss of E-cadherin expression is a hallmark 
of EMT. A low level of E-cadherin advantages tumor cells 
in breaking the adhesion junctions and detaching from adja-
cent cells, so that these cells can invade and metastasize 
to distant organs [20]. In accordance, loss of E-cadherin 
expression in primary tumors associated with more invasive 
and metastatic tumors in HCC [21], CRC [22], GC [23–25], 
PC [26] and EC patients [27].

E-cadherin is lost from the cell surface upon proteolytic 
cleavage. Such process results in an 80-kDa degradation 
fragment known as soluble E-cadherin (sE-cadherin) which 
can be detected in the peripheral blood of cancer patients 
and acts as a non-invasive prognostic biomarker. In a GC 
study, there was no significant difference in preopertative 
sE-cadherin level among patients with and without recur-
rence (6,290 vs. 5,747 ng/ml, p =  0.8), whereas a signifi-
cant increase in postoperative sE-cadherin level at months 
3, 6, 9, 12, 18, and 21 was observed in the group with recur-
rence but not in that without recurrence [28]. Moreover, 

the authors indicated that a sE-cadherin level cut-off value 
of 10,000  ng/ml at 6  months postsurgery provided opti-
mum sensitivity (59  %) for predicting recurrence, which 
was significantly better than the sensitivity of CEA (6  %) 
using the conventional cut-off value (5 ng/ml), and level of  
sE-cadherin but not CEA higher than the cut-off value pre-
dicted recurrence independently [28]. In another GC study, 
patients with preoperative sE-cadherin level over 7,025 ng/ml  
were also more likely to have tumor (T4) depth invasion 
[29]. High level of serum sE-cadherin (>8,000 ng/ml) also 
correlated with early recurrence and extrahepatic metastasis 
in HCC patients [30]. In CRC patients, preoperative serum  
sE-cadherin concentration was significantly higher in stage 
IV (9,471 ng/ml) than in stage I to III patients (~6,500 ng/ml),  
and significantly higher in patients with hepatic metas-
tasis (9,637 vs. 6,648  ng/ml) and metachronous hepatic 
metastasis (10,540 vs. 6,018 ng/ml) [31]. Recently, Chung  
et al. [32] demonstrated the detection of serum sE-cadherin 
in esophageal squamous cell carcinoma (ESCC) patients 
and suggested that sE-cadherin is a potential prognos-
tic marker. These studies demonstrated the high potential  
of sE-cadherin as metastatic biomarker in gastrointestinal  
cancers, though further investigations are warranted to deter-
mine the cut-off value, sensitivity and specificity of sE-cad-
herin in predicting metastasis of CRC, PC and EC patients.

It should be taken into account that the serum sE-cad-
herin level could be affected by other factors in addition 
to tumor progression and development of metastasis. For 
example, Weiss et al. [33] reported an elevation of serum 
sE-cadherin concentration in patients with familial adeno-
matous polyposis. Serum sE-cadherin level also increased 
with age in both GC patients and control subjects [34]. 
These factors should be taken into account when interpret-
ing the patient’s sE-cadherin level. Moreover, there was  
discrepancy in the level of serum sE-cadherin in patients of 

Gene Origin Measurement Correlation Ref

 CD44 PC IHC
quantity of immunopositive cells
(≤1 % positive cells: negative)
(2–20 % positive cells: weakly positive)
(21–50 % positive cells: moderately positive)
(51–100 % positive cells: strongly positive)

Expression was significantly higher in carcinomas 
with lymph node metastasis or distant metastasis

[212]

 ALDH1 ESCC IHC Increased nuclear accumulation correlated  
with lymph node metastasis

[213]

ESCC IHC
Percentage of positive tumor cells
(> or = 10 %: positive)
(<10 %: negative)

Positive expression correlated with recurrence [214]

GC IHC
Percentage of positive tumor cells
(> or = 10 %: positive)
(<10 %: negative)

Positive expression correlated with tumor stage and 
TNM stage

[215]
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the same category measured among different studies. For 
example, comparing the results of Okugawa et al. [31] and 
Weiss et al. [33], the mean serum sE-cadherin level in early 
stage (I to II) CRC patients was over 6,000 and 4,900 ng/ml, 
respectively, and in late stage patients (III to IV) was ~7,800 
and 6,100 ng/ml, respectively. Since similar level of serum 
sE-cadherin was detected in healthy control in their studies 
(~4,500 and 4,800 ng/ml, respectively), their measurement 
technique was probably not the reason for the discrepancy. 
Such discrepancy could be due to difference in sample size; 
hence, a more accurate level shall be obtained by recruiting  
more patients in each category. We believed that serum  
sE-cadherin level would be a useful biomarker for predicting  
development of metastasis in the future.

The E-cadherin expression and EMT process are regu-
lated by certain transcriptional factors, common examples 
include Snail [35, 36], Slug [37] and Twist [38]. It is not sur-
prising that alteration of their levels correlated with cancer 
metastasis. In a HCC study, positive Snail mRNA expres-
sion in peripheral blood mononuclear cells (PBMCs) iso-
lated from peripheral blood of patients was used to identify 
presence of circulating tumor cells (CTCs), which was asso-
ciated with metastatic potential [39]. The authors showed 
that Snail mRNA expression was 26.6 folds higher in HCC 
patients with extrahepatic metastasis when compared with 
those without extrahepatic metastasis. When the cut-off 
level of Snail mRNA expression ratio (GAPDH normalized) 
was set at 1 log10, the positive and negative predictive values 
for extrahepatic metastasis were 88.2 and 81.3 %, respec-
tively. Furthermore, the authors demonstrated that Snail 
mRNA expression was a better prognostic biomarker than 
serum AFP level. Though serum AFP level was high in all 
HCC cases with extrahepatic metastasis, it showed variation 
in those without metastasis. In contrast, Snail mRNA lev-
els were low in most HCC patients without metastasis and 
high in those with metastasis. More importantly, the authors 
showed a decline of Snail mRNA expression in all of the 
six HCC patients after complete remission by repeated 
transarterial chemobilization. Though the complete set of 
post-surgery follow-up data for Snail mRNA has not been 
completed, their study demonstrated the potential of Snail 
mRNA expression as a surrogate marker for disease moni-
toring in HCC.

Expression of another EMT marker vimentin in primary 
tumor-associated with invasion and/or metastatic disease 
of HCC and GC patients [40, 41]. In GC patients vimentin 
mRNA was detectable in bone-marrow, which is an impor-
tant reservoir of tumor cells and from which they recirculate 
into distant organs such as liver or lungs [42, 43]. Patients 
with positive expression of vimentin (cut-off value: 95 % 
confidence interval of normal) showed significantly higher 
frequency of tumor invasion (71.5 %), lymph node metasta-
sis (78.6 %) and lymphatic invasion (66.8 %) [44]. However, 

in the group with no bone-marrow vimentin mRNA expres-
sion, more than half of the patients still showed these unfa-
vorable prognostic features, indicating that the false negative 
rate was also high. In another study, vimentin methylation in 
pre-operative serum of CRC patients was studied [45]. They 
showed that comparing with patients showing no vimentin 
methylation, those showing vimentin methylation had a 
significantly higher risk of liver metastasis (10 vs. 50 %), 
peritoneal dissemination (5 vs. 75 %), and distant metastasis  
(0 vs. 50  %). However, the sample sizes of patient with 
vimentin methylation, liver metastasis, peritoneal dissemi-
nation, and distant metastasis were small. It is necessary to 
increase the number of patients in those groups to validate the 
prognostic value of vimentin methylation in CRC patients.

The expression of these EMT regulators in primary  
specimens of certain types of gastrointestinal cancers also 
correlated with metastasis. High snail expression in HCC, 
PC and ESCC specimens correlated with aggressiveness, 
invasion and/or metastasis [46–49]. Slug expression corre-
lated with invasion and metastasis of GC, CRC and ESCC 
[24, 25, 50, 51], yet its mRNA and protein expressions 
showed no correlation with metastatic features of HCC [46, 
52]. Twist expression associated with metastasis of HCC 
[21, 53–55], lymph node metastasis of CRC [56], distant 
and lymph node metastases of GC [57–59], as well as depth 
of tumor invasion, lymphatic metastasis and distant metas-
tasis of ESCC [60–63]. Twist has been implicated in tumor 
progression of PC, yet solid association with metastasis 
is lacking [64]. Nonetheless, these studies suggested that 
Twist expression in primary tumor is a potential biomarker 
for predicting development of metastatic disease in gas-
trointestinal carcinomas. Besides inducing EMT in tumor 
cells, Twist was implicated in a process named vasculogenic 
mimicry, which is a unique property of aggressive tumor 
cells [65]. Extended investigation showed that up-regulated 
twist expression forms a complex with Bcl-2 and facilitates 
its translocation to the nucleus, leading to MMP-9 overex-
pression and affecting HCC angiogenesis, which is a critical 
step in distant metastasis [53, 66, 67], further supporting its 
crucial roles in HCC metastasis.

Furthermore, the correlations of other EMT regulators or 
their associated proteins with metastatic clinicopathologi-
cal parameters have been reported, strengthening the impor-
tance of EMT regulators in the development of metastasis 
and their potentials as biomarkers for predicting metastasis. 
For example, recently, high protein expression of Zeb1 in 
tumor tissue correlated with intrahepatic metastasis and vas-
cular invasion in HCC [68]. Putative oncoprotein EIF5A2 
which was capable of inducing EMT in vitro, its upregu-
lation significantly correlated with metastasis in CRC and 
HCC [69–71]. Overexpression of Nanog induced expres-
sions of snail and slug in vitro and correlated with lymph 
node metastasis in CRC [72]. Oncoprotein p28Gank induced 
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E-cadherin down-regulation and EMT through alteration of 
Twist, showed significantly higher expression in HCCs with 
vascular invasion and intrahepatic and distant metastases 
[73].

Phosphatase of regenerating liver-3 (PRL-3), which is 
transcriptionally activated by Snail [74], showed increased 
expression in metastatic CRC [75–80], GC [81–85], HCC 
[86, 87] and ESCC [88, 89]. Recent studies identified stath-
min and polyC-RNA-binding protein 1 (PCBP1) as PRL-3 
associated proteins. Stathmin is a key oncoprotein which 
interacts with PRL-3 and promotes tumor cell invasion and 
metastasis in vitro [90, 91]. Overexpression of stathmin 
strongly correlated with tumor invasion in HCC and CRC 
[90, 91]. PCBP1 was capable of downregulating PRL-3 
translation in vitro and negatively correlated with PRL-3 
protein levels in GC and CRC specimens [92]. Despite the 
lack of clinical data currently, PCBP-1 has been suggested 
as a potential metastatic suppressor in HCC [93]. These 
observations demonstrated the significance of PRL-3 and its 
associated genes in tumor metastasis and their potential as 
biomarkers in metastatic cancers.

β-catenin is an epithelial marker which interacts with 
E-cadherin in coordinating cell–cell adhesion, as well as 
the central mediator of the Wnt/β-catenin pathway which 
contributes to tumorigenesis. Plasma β-catenin mRNA level 
positively correlated with tumor stage of CRC patients, 
and the level was significantly decreased in 16 of 19 CRC 
patients after tumor removal [94], suggesting that moni-
toring of plasma β-catenin mRNA level might be a useful 
biomarker for monitoring disease progression and detect-
ing early recurrence. Serum β-catenin level has also been 
detected and correlated with the development of HCV-
associated HCC [95]. Further investigations are warranted 
to examine the prognostic value of blood β-catenin level in 
HCC and other gastrointestinal cancers.

A recent report identified L1, a neural cell adhesion mol-
ecule, as a new target gene of Wnt/β-catenin-T cell factor 
(TCF) signaling [96]. Recently, Zander et al. [97] demon-
strated that the median serum L1 level at the time of diag-
nosis in gastrointestinal stromal tumor (GIST) patients with 
tumor recurrence was significantly higher (1.7 vs. 1.1 ng/ml).  
Moreover, the 5-year recurrence-free survival rate in GIST 
patients with low L1 level (<2 ng/ml) was 52 %, while the 
rate in the high L1 level group was only 19 % [97]. We think 
monitoring of post-operative L1 level in GC patients could 
be detective of early recurrence.

β-catenin expression in primary tumors and its correla-
tion with metastasis have been demonstrated by numerous 
studies. While membranous β-catenin determines an epithe-
lial phenotype which is less aggressive, nuclear β-catenin 
represents a transcriptional regulator and main effector of 
the Wnt signaling pathway [98]. A recent study showed 
that β-catenin-positive staining correlated with increased 

microvascular invasion and high tumor-node-metastasis 
(TNM) stage in HCC [99]. In the same study, the authors 
further demonstrated a strong positive correlation between 
β-catenin and HIF-1α expression levels in HCC tissues, and 
patients with concomitant HIF-1α- and β-catenin-positive 
expressions had a higher incidence of intrahepatic metas-
tasis and microvascular invasion compared with patients 
with expression of either HIF-1α or β-catenin alone [99]. 
An indirect correlation between β-catenin level and devel-
opment of metastasis in HCC has also been demonstrated 
in another recent study, which showed that loss of membra-
nous β-catenin reactivity may be associated with the occur-
rence of peritoneal seeding that is significantly associated 
with lymph node metastasis [100]. In GC, reduced mem-
branous expression or nuclear translocalization of β-catenin 
correlated with lymph node metastasis [101]. In addition, 
β-catenin expression was reduced in mucinous tumors which 
showed a more aggressive and metastatic phenotype [102]. 
In CRC, reduced expression of membranous β-catenin was 
significantly associated with liver and lymph node metas-
tases [22, 103], whereas β-catenin nuclear accumulation or 
cytoplasmic expression correlated with lymph node metas-
tasis and/or distant metastasis [104, 105]. The presence of 
nuclear accumulation of β-catenin at the tumor invasive 
front also significantly correlated with distant metastasis 
[106]. In gastroenteropancreatic endocrine tumors, nuclear 
expression of β-catenin also correlated with development of 
metastasis [107]. On the other hand, reduced expression of 
membranous β-catenin detected immunohistochemically in 
the resected cancer tissues of ESCC correlated with invasive 
depth and lymph node metastasis [108].

Certain factors regulating β-catenin expression and mem-
branous/nuclear distribution in clinical specimens correlated 
with the metastatic potential of gastrointestinal cancers. The 
expression of L1 in primary tumors correlated with distant 
metastasis of CRC [22], as well as node involvement, vascu-
lar invasion and distant metastasis of PC [109, 110]. In GC 
patients, CDK8 expression was associated with β-catenin 
activation, which together showed a significant positive  
correlation with lymph node metastasis [111]. VLDLR II 
overexpression enhanced the activation of β-catenin/TCF 
signaling in vitro [112] and its expression correlated with 
β-catenin level and lymph node and distant metastases 
in GC [113]. Expression of TC1, a novel regulator of the 
Wnt/β-catenin signaling pathway, correlated with TNM 
stage, depth of invasion, lymph node metastasis and lym-
phatic infiltration of GC [114]. TC1 level also correlated 
with β-catenin target genes involved in cancer invasiveness, 
including cyclin D1, MMP-7 (matrilysin), MMP-14, CD44, 
c-Met, and LAMC2 [114]. Recently, EPLIN and NM23-
H1 were demonstrated as metastatic suppressor genes and 
their down-regulation promoted the nuclear translocation 
of β-catenin in vitro [115, 116]. EPLIN expression was 
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significantly decreased in lymph node metastatic tumors 
as compared with primary tumors in CRC [116], whereas 
NM23-H1 downregulation correlated with intrahepatic 
metastasis of HCC [117], serosal invasion and nodal metas-
tasis of GC [118], as well as tumor invasion and lymph node 
metastasis of ESCC [119, 120]. In recent years, the signifi-
cance of NM23-H1 in CRC has also been documented by 
two studies, in which underexpression of NM23-H1 corre-
lated with lymph node metastasis and/or distant metastasis 
[105, 121]. In one study, Chen et al. [105] further showed 
that overexpression of c-Myc (another Wnt signaling gene) 
was associated with lymph node metastasis and distant 
metastasis.

Integrin signaling pathway

Integrins are transmembranous glycoproteins that mediate 
cell-to-cell and cell-to-matrix interactions and contribute to 
cancer progression, invasiveness, and metastasis [122]. Inte-
grins directly bind components of the extracellular matrix 
(ECM) and provide the traction necessary for cell motility 
and invasion. To date, 24 distinct integrin heterodimers have 
been identified, formed by the combination of 18 α-subunits 
and eight β-subunits and preferentially binding to distinct 
ECM proteins [123].

The prognostic significance of blood β1 integrin level 
of GC patients was examined in two studies [124, 125].  
In one study, quantitative PCR was performed to determine 
the expression of β1 integrin in peripheral blood karyocyte  
and the expression level was expressed as 2  −  ΔCt 
(ΔCt  =  Ct(β1-integrin) − Ct(GAPDH)). β1 integrin level 
was significantly higher in patients with higher TNM stage 
(0.012 vs. 0.007) and distant metastasis (0.020 vs. 0.008) 
[125]. Moreover, their study showed that peripheral blood 
karyocyte CYR61 level, which positively correlated with 
the status of lymph node metastasis of GC patients through 
elevating functional COX-2 by an integrin-αvβ3/NF-κB-
dependent pathway [126], was significantly increased 
in patients with higher TNM stage (0.025 vs. 0.014) and  
distant metastasis (0.08 vs. 0.016) [125]. ANGPTL4 acted as 
an important regulator in metastasis of HCC in β1-integrin-
dependent signaling in vitro, and its serum protein level in 
HCC patients correlated with intrahepatic metastasis and 
macrovascular invasion [127]. In another GC study, ELISA 
was applied to determine the preoperative serum level of 
β1 integrin. Patients with lymph node metastasis and dis-
tant metastasis had higher β1 integrin level [124]. However, 
though the author mentioned the serum β1 integrin level of 
GC patient (4.8 μg/ml) was significantly higher than that 
of normal (2.1  μg/ml), there was no information on the 
level in groups of TNM staging, lymph node metastasis and 
distant metastasis. These values are crucial for developing 

the cut-off value to distinguish patients of different risk to 
develop metastasis. In two PC studies, β1 integrin level in 
PBMCs detected by qRT-PCR correlated with stage, lymph 
node and liver metastasis [128, 129]. These studies demon-
strated the probability of using integrin and integrin-asso-
ciated genes as metastatic biomarkers. However, different 
detection methods have been applied to determine the blood 
β1 integrin level, it would be better to standardize a method 
to quantify the blood β1 integrin level in order to set the 
cut-off value for identifying cancer patients with higher risk 
to metastasis.

Osteopontin (OPN) is a secreted phosphoprotein that 
interacts with integrins αvβ3, αvβ1 and αvβ5 and may contrib-
ute to tumor invasion and metastasis via integrin-mediated 
signaling [130]. Plasma OPN level was significantly higher 
in GC patients with serosal invasion, lymph node metasta-
sis, lymphatic invasion, venous invasion and liver metastasis 
[131]. Using a cut-off of 111.2  ng/ml, the sensitivity and 
specificity of plasma OPN in the prognosis of liver metasta-
sis in GC patients were 75 and 83.1 %, respectively [131]. 
However, the proportion of patients with liver metastasis 
in that study was small (eight of 132 patients), it is neces-
sary to include more GC patients with metastatic disease for  
validating the efficacy of using plasma OPN as prognostic 
biomarker. Plasma OPN level in HCC patients also correlated 
with TNM stage and/or recurrence [132, 133]. In Sun et al’s 
study, high pre-operative plasma OPN level (over 100 ng/ml)  
as determined by ELISA assay correlated with recurrence 
(52.2 vs. 24.4 %). A cut-off value at 100 ng/ml gave a sen-
sitivity of 47.8 % and specificity of 75.6 %. Additionally, 
their study showed that using AFP cut-off value at 20 ng/ml,  
the sensitivity and specificity for predicting recurrence are 
87.0 and 46.6  %, whereas the OPN level was similar in 
AFP high and low groups (82.5 vs. 83.0, p = 0.788). These 
results suggested that OPN level could be applied in addi-
tion to AFP for the purpose of increasing the sensitivity for 
identifying high risk patients who show no elevation of AFP 
level. In Zhang et al’s study, the authors also demonstrated 
that plasma OPN level was significantly higher in patients 
with recurrence (213.6 vs. 153.7 ng/ml), and patients with 
higher OPN (over 200 ng/ml) had higher recurrence rates 
than those with lower OPN level (81.1 vs. 39.3 %). Addi-
tionally, the OPN level determined in Zhang et al’s study 
measured was generally higher than that in Sun’s study, 
probably due to using a different ELISA kit and proto-
col. Shimada’s study demonstrated that high plasma OPN 
level was associated with lymph node metastasis in ESCC 
patients, which was, in addition, a more accurate metastatic 
marker than CEA in their study [134]. The role of OPN as 
diagnostic marker in CRC patients has been investigated, 
yet the serum OPN level was not significantly different from 
normal [135]. However, we believe that it is still necessary 
to examine its correlation with metastasis as OPN could be 
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involved in cancer invasion and metastasis rather than in 
tumor development. In another study, the sensitivity of pre-
operative serum OPN (cut-off at 95 % specificity) was low 
in lower stage CRC patients (stage 0–3: 23.2 %), whereas 
the sensitivity increased to 54.4  % in stage IV patients 
[135]. These results suggested that OPN could serve as a 
non-invasive prognostic marker for tumor progression, inva-
sion and metastasis in gastrointestinal cancers.

In addition, expressions of integrin and associated pro-
teins in primary tumors have been found to correlate with 
invasion/metastasis in gastrointestinal cancers. A recent 
study detected phospho-β1 integrin in HCC specimens 
from all patients with vascular invasion and in paired  
peritumoral specimens with metastatic nodules, whereas 
none of the HCC and peritumoral specimens without vascu-
lar invasion showed phospho-β1 integrin expression [136]. 
In GC, β1 integrin expression correlated with depth of inva-
sion, vessel invasion, and lymph node and distant metas-
tases [137]. Moreover, the expression of α2β1 integrin was 
associated with liver metastasis while that of α3β1 integrin-
associated with lymph node and peritoneal metastasis [138]. 
α3 integrin was involved in HCC invasiveness and metasta-
sis formation, and its overexpression might be caused by 
TGF-β1 [139]. In PC patients, expression of αvβ3 integrin 
significantly correlated with higher stage and lymph node 
metastasis [140].

Investigations have discovered that the expression of 
OPN in primary tumors significantly correlated with lymph 
node metastasis, lymphatic invasion and venous invasion 
in CRC [141] and metastasis in HCC [142, 143]. In GC, 
OPN protein expression was also significantly associated 
with hematogenous metastasis [144]. Moreover, Takafuji 
et al. [145] reported that increased expression of an OPN 
splice variant which is generated by proteolytic cleavage 
of OPN by MMP-9 was associated with clinical metastatic 
HCC. The association of OPN with metastasis in clinical 
specimens has not been demonstrated in PC so far. Interest-
ingly, OPN expression was associated with improved sur-
vival though it was found to be overexpressed in PC patients 
when compared with controls subjects [146].

Several studies showed that CYR61, SPARC and 
ANGPTL4 were implicated in the development of metas-
tasis in an integrin-related manner. Secreted protein Cyr61 
belongs to the CYR61-CTGF-NOV (CCN) gene family. 
Kuo et al. [126] also reported that high expression level of 
Cyr61 was frequently observed in invasive gastric adeno-
carcinoma and Cyr61 level positively correlated with the 
status of lymph node metastasis of GC patients and ESCC 
patients [147], through elevating functional COX-2 by an 
integrin-αvβ3/NF-κB-dependent pathway [126]. Moreover, 
mRNA expressions of CYR61 and another CCN family 
member CTGF were higher in HCC with venous invasion 
[148]. SPARC protected cells from stress-induced apoptosis 

in vitro by interaction with β1 integrin [149]. Recently, 
SPARC expression was found to correlate with β1 integ-
rin level, invasion and metastasis in GC [137], which is in 
accordance with the previous finding with GC that higher 
expression of SPARC was significantly associated with 
lymph node metastasis, lymphatic invasion and perineural 
invasion [150]. High protein expression of SPARC also cor-
related with lymph node metastasis in ESCC [151]. The 
expression of ANGPTL4 in tumor lesions correlated with 
depth of tumor invasion and venous invasion in CRC and 
GC, and all CRC patients with distant metastasis showed 
immunopositivity for ANGPTL4 [152].

Integrins transmit signals by interacting with cytoskel-
etal signaling and adaptor proteins to form structures known 
as focal adhesions. Although intrinsic enzymatic activity 
is absent in the cytoplasmic domain of integrin receptors, 
by clustering integrins recruit and activate kinases such 
as focal adhesion kinase (FAK) and integrin-linked kinase 
(ILK) [123, 153]. In the following, the correlation between 
metastatic potential and expressions of ILK and FAK is dis-
cussed, and so do their associated proteins.

ILK is a multifunctional non-receptor serine/threonine 
protein kinase that binds to the cytoplasmic tail of integ-
rin β1 and β3 subunits and transduces many signals initiated 
by the interactions between cells and ECM [154]. In CRC, 
the level of ILK expression strongly correlated with tumor 
invasion and was significantly higher in metastatic tumors 
[155]. ILK may have an important role in the progression 
of human CRC, possibly through in vivo regulation of the 
β-catenin, E-cadherin and Akt pathways [155]. Significant 
association was also detected between ILK mRNA expres-
sion and nodal metastasis in GC [156]. In HCC, ILK expres-
sion level showed a significant stepwise increase along with 
tumor progression, whereas down-regulation of ILK signifi-
cantly suppressed cell growth, motility and invasion in HCC 
in vitro [157]. However, clinical evidence demonstrating 
the correlation between ILK expression and development of 
metastasis in HCC is still lacking.

ILK was also associated with Tβ4 and Cten which were 
found to be correlated with metastasis recently. In a previ-
ous study, overexpression of Tβ4 (a G-actin-sequestering 
peptide) was observed in liver metastasis in patients of 
CRC, indicating that tumor cells expressing high level of 
Tβ4 was more metastatic [158]. A strong positive correla-
tion between Tβ4 and ILK expression in CRC was later 
established and it is postulated that ILK is the most critical 
mediator of Tβ4-induced effects [159]. Recently, Tang et al. 
[160] showed that CRC patients with higher Tβ4 expres-
sion levels displayed a marked increase in the incidence of 
subsequent distant metastasis, and that the expressions of 
Tβ4 and ILK positively correlated in metastatic CRC, which 
may act together in developing distant metastasis. Cten is 
a member of the Tensin gene family which is localized to 
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the cytoplasmic tails of integrins at focal adhesions. Albasri 
et al. [161] reported that high Cten expression was associ-
ated with lymph node metastasis, extramural vascular inva-
sion and distant metastasis in CRC. They also showed that 
ILK was regulated by Cten and mediated Cten-induced cell 
motility in vitro.

FAK is a cytoplasmic non-receptor protein tyrosine 
kinase and a crucial mediator of integrin and growth factor 
signaling [162]. The significance of FAK in metastasis has 
been highlighted in certain studies. For example, increased 
levels of FAK and phospho-FAK (tyr397) correlated with 
vascular invasion and intrahepatic metastasis of HCC 
[163]. In GC, FAK gene amplification or protein expres-
sion was associated with nodal metastasis, distant metasta-
sis, lymphatic invasion, venous invasion and/or perineural 
invasion [164]. In a previous study, enhanced expression 
of FAK correlated with depth of invasion and lymph node 
metastasis in GC and CRC [165]. FAK overexpression 
also correlated with depth of tumor invasion, presence of 
regional lymph node metastasis, number of lymph node 
metastases in ESCC [166], as well as distant metastasis 
in pancreatic ductal adenocarcinoma [167], though such 
correlation could not be demonstrated in another PC study 
[168].

Moreover, FAK is associated with many metastasis-
related proteins. Overexpression of mitogen-activated 
protein kinase kinase kinase kinase 4 (MAP4K4) in HCC 
significantly associated with intrahepatic metastasis, and 
down-regulation of MAP4K4 resulted in enhanced apop-
tosis and repression of the JNK pathway downstream of 
FAK in vitro [169]. MAP4K4 protein expression also asso-
ciated with tumor invasion and lymph node metastasis of 
CRC [170]. Moreover, MAP4K4 correlated with higher 
frequency of recurrence/metastasis and increased number 
of positive lymph nodes in pancreatic ductal adenocarci-
noma [171]. FAK protein expression significantly corre-
lated with growth factor receptor-bound protein 7 (Grb7), 
whereas positive staining of Grb7 protein correlated with 
portal venous invasion, hepatic venous invasion and intra-
hepatic metastasis in HCC [172] and lymph node metasta-
sis in PC [173]. Elevated level of secreted LOXL2 in GC 
was significantly associated with depth of tumor invasion 
and lymph node metastasis via the Src/FAK pathway [174]. 
The expression level of a secreted protein epidermal growth 
factor-like domain 7 (Egfl7) which facilitates FAK phos-
phorylation was found to be significantly higher in HCC 
with venous invasion [175]. Interestingly, downregulation 
of Egfl8 expression significantly correlated with distant 
metastasis in CRC [176]. Egfl8 is the only known paralog 
of Egfl7 and the proteins they encode share the same overall 
domain structure [177, 178]. Whether Egfl8 acts as a metas-
tasis inhibitor by competing with Egfl7 in tumors needs 
further investigation. Downregulation of a candidate tumor 

suppressor gene SCARA5 was associated with vascular 
invasion in HCC, and SCARA5 was physically associated 
with FAK and inhibited the FAK signaling pathway [179]. 
In the same study, the authors demonstrated that SCARA5 
was also downregulated in GC specimens as compared with 
normal gastric epithelium, suggesting that SCARA5 might 
be a predictive biomarker of metastasis in multiple cancer 
types [179].

PI3K/Akt/mTOR pathway

The phosphoinositide-3 kinase (PI3K)/AKT/mammalian 
target of rapamycin (mTOR) pathway is an important cel-
lular pathway involved in cell invasion, angiogenesis and 
drug response [180–182]. Overexpression of YKL-40  
was associated with Akt activation [183] and high serum 
YKL-40 level predicted poor prognosis in HCC patients 
[184]. A significantly higher proportion of patients in TNM 
stage III to IV (68.3  %) showed elevated serum YKL-40  
(>113  ng/ml) when compared with those in stage I to II 
(49.0 %). Moreover, patients with elevated YKL level showed  
significantly shorter relapse-free survival than patients with 
normal level [184].

The significance of metastatic biomarkers involved in 
PI3K/Akt/mTOR pathway is also demonstrated in pri-
mary tumors. Overexpression of phospho-Akt positively 
correlated with depth of invasion and lymph node metas-
tasis in GC [185], and depth of tumor invasion in ESCC 
patients without receiving preoperative chemotherapy 
[186]. Upregulation of the activated form of phospho-
mTOR significantly correlated with lymph node metastasis 
in Chinese GC patients [187]. Furthermore, overexpres-
sion of mTOR and phospho-mTOR correlated with VEGF 
overexpression and tumor microvessel density, providing 
a strong clinical evidence of the critical role of the mTOR 
pathway in GC angiogenesis, which is an important step of 
metastasis [187]. In gastroenteropancreatic neuroendocrine 
tumors (GEP-NET), mTOR expression in foregut tumors 
was higher when distant metastasis was present [188]. In 
pT2b GC, phospho-mTOR expression was associated with 
the extent of lymph node metastasis [189]. Significant cor-
relation was also found between mTOR signaling activity 
and the depth of CRC infiltration, which indicates that an 
increase in mTOR signaling activation might facilitate inva-
sive growth of tumor cells [190]. HOXB7 protein expres-
sion significantly correlated with distant metastasis in CRC, 
and its expression was associated with phosphorylated level 
of Akt in vitro [191]. Expression of HOXB7 also correlated 
with lymph node metastasis of pancreatic ductal adenocar-
cinoma patients [192] Overexpression of YKL-40 associ-
ated with Akt activation, tumor invasiveness and lymphatic 
metastasis in GC [183].



3649Biomarkers for predicting metastasis

1 3

Expression of oncogene BMI1 correlated with lymph 
node metastasis and phospho-Akt level in GC, and BMI1 
regulated Akt activity in vitro [185]. It was also associ-
ated with lymph node metastasis in PC patients [193] and 
ESCC patients [194]. In HCC, however, BMI1 did not cor-
relate significantly with any metastatic feature [195, 196]. 
The potential of BMI1 to act as a predictive biomarker for 
metastasis requires further investigation.

Cancer stem cell (CSCs) identification

There is growing evidence that the presence of a subpopu-
lation of CSCs within a bulk tumor is responsible for the 
development of metastasis, hence determination of CSCs 
in patient provides useful information for predicting the 
risk of metastasis development. Our group recently identi-
fied CD26 as a CSC marker in CRC and showed that CD26 
expression correlated with metastasis. The presence of 
CD26+ cells was significantly associated with microscopic 
vascular invasion and distant metastasis [197]. Moreover, 
CD26+ cells were capable of forming liver metastasis when 
injected into murine ceca, and the tumorigenic capacity was 
further enhanced by co-expression of CD133 and CD44; on 
the other hand, CD26− cells were incapable of forming liver 
metastasis. Furthermore, we demonstrated that CD26+ cells 
were resistant to chemotherapy which might enhance the 
development of further metastasis by enriching the CD26+ 
CSC subpopulation [197]. We also isolated CD26+ CSCs 
from the peripheral blood of CRC patients which closely 
correlated with the expression of CD26 in the tumors (our 
unpublished data), indicating the potential of peripheral 
blood CD26 level as a biomarker for predicting metastasis.

The mRNA expression (cut-off value: CD133/GAPDH  
=  3.4  ×  10−4) of another putative CSC marker, CD133, 
in the presurgery peripheral blood of CRC patients who 
had undergone curative surgery showed the highest speci-
ficity for hematogenous metastasis when compared with 
general markers including CEA and CK [198]. Elevated  
CD133 mRNA in PBMCs also predicted CRC recurrence 
[199]. The median CD133 mRNA level was significantly 
higher in patients with recurrent disease (2 delta Ct method: 
4.2 vs. 0.0017). The positive predictive value for recurrence 
(cut-off at 4.79) was 85 %. Moreover, in a study investigating 
the CD133 mRNA level in PBMCs collected from patients 
with CRC, renal cell carcinoma, prostate cancer and head 
and neck cancer, CD133 expression was significantly higher 
in patients with bone metastasis as compared with those 
without bone metastasis (163 vs. 0 copies) [200].

Recently, CD133 expression in primary lesions of GC 
was reported to be closely related to lymphatic metasta-
sis [201]. In another recent study, Hou et al. reported that 
CD133+CD44+/high defined a subgroup of tumor cells 

responsible for hematogenous metastasis of liver cancer 
and the number of CD133+CD44+ tumor cells was associ-
ated with portal vein metastasis. They further showed that 
the presence of CD133 and high expression of CD44 in  
xenografts were necessary for producing intrahepatic or 
lung metastasis in nude mice [202]. Moreover, CD133 
expression correlated with venous invasion of pancreatic 
ductal adenocarcinoma patients [203], and lymphatic inva-
sion and lymph node metastasis in another PC study [204].

Previous studies reported that high CD24 expression was 
associated with invasion and metastasis in HCC and GC 
[205, 206]. Recently, Lee et al. identified CD24 as a CSC 
marker in HCC and found that the expression of CD24 was 
dramatically higher in their chemoresistant xenograft model 
and HCC cell lines. They showed that CD24+ HCC cells 
were more tumorigenic in vitro and in vivo and had a gen-
eral overexpression of stemness-associated genes. Patients 
whose tumors had high CD24 expression had a significantly 
higher risk of tumor recurrence in the first year after sur-
gery and more frequently had venous infiltration [207]. In 
accordance with this finding, PC with nodal metastasis, 
microscopic lymphatic invasion, venous invasion and neu-
ral invasion were more frequent in the CD24-positive group 
than in CD24-negative group [208].

Though the clinical relevance of CD44/CD54 and 
EpCAM/CD44 to metastasis is lacking so far, they have been 
associated with identification of CSCs in GC. Chen et al.  
recently identified CD44+ and CD54+ as CSC markers in 
GC. In their study, they showed that CD44+C54+ tumor 
cell subpopulation in the peripheral blood from GC patients 
possessed CSC properties [209]. In another study by Han 
et al., EpCAM+/CD44+ cells were isolated as CSCs from 
GC tissues [210]. Moreover, variant CD44 mRNA in the 
peripheral blood collect during surgery was associated with 
distant metastasis in patients with CRC [211]. CD44 expres-
sion was also significantly higher in PC with lymph node 
metastasis or distant metastasis [212].

Aldehyde dehydrongenase 1 (ALDH1) has been pro-
posed as one of the possible candidates for a CSC marker. 
A recent ESCC study which recruited patients who under-
went esophagectomy showed demonstrated that ALDH1 
was mainly expressed in ESCC cell nucleus, and its 
expression correlated with lymph node metastasis [213]. 
The significance of ALDH1 was confirmed in another 
ESCC study that ALDH1 expression in primary tumor was 
associated with postoperative recurrence and prognosis 
[214], suggesting that patients with ALDH1 high tumors 
required better postoperative monitoring and maybe a more 
aggressive postoperative treatment is required. Similarly, 
ALDH1-positive GC cases also displayed more advanced 
T stage and TNM stage than ALDH1-negative cases [215]. 
In contrast, low expression of ALDH1 was associated with 
poor prognosis of HCC, CRC and PC patients [216–218].
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Besides, another recent study which screened the expres-
sions of a series of biomarkers in patients with recurrent 
HCC suggested that employment of a set of biomarkers will 
reinforce both the sensitivity and specificity of the predic-
tive model. The study constructed a simplified predictive 
model with the biomarkers tested including CD133, CD44, 
nestin and MVD (determined by CD34 immunostaining) 
that overcame the limitation of narrow subpopulation of a 
single biomarker [219].

Tumor markers related to tumor microenvironment

Recently, increasing evidence has suggested that the tumor 
microenvironment plays crucial roles to seeding and met-
astatic potential of primary tumors. Such tumor stroma is 
made up of other cell types including fibroblasts, myofi-
broblasts, granulocytes, macrophages, mesenchymal stem 
cells and lymphocytes, as well as extracellular matrix, vas-
culature and lymphatic systems and other non-cell factors 
(Reviewed in [220]). Some of these cell types additionally 
change phenotype and become accessories to tumorigenesis 
and metastasis, and are, therefore, referred to as cancer-
associated fibroblasts (CAF) and tumor-associated mac-
rophages (TAM).

Recently, SPARC and OPN, which are involved in integ-
rin signaling pathway, have been implicated in modification 
of the tumor microenvironment. In CRC patients, the expres-
sion of SPARC in mesenchymal and stromal cells showed 
a statistically significant difference in patients with lymph 
node metastasis and negatively correlated with VEGF level 
in CRC tissue [221], indicating that SPARC might inhibit 
the invasion and metastasis of tumor. This observation was 
supported by another study that SPARC expression in the 
microenvironment stromal cells was inversely correlated 
with lymphovascular invasion of CRC [222]. In pancreatic 
ductal adenocarcinoma, SPARC is overexpressed by fibro-
blast in the tumor microenvironment [223]. In another study 
by Imano and co-authors, they showed that OPN induced by 
macrophages contributed to metachronous liver metastases 
in colorectal cancer [224].

CSCs play an important role in regulation of the tumor 
microenvironment which favours the development of met-
atasis. For example, the presence of a hospitable environ-
ment is crucial for survival and outgrowth of cancer cells 
arriving a distant organ. A recent publication by Camussi 
and coworkers connects the formation of pre-metastatic 
niche with CSCs [225]. In their study, they demonstrated 
that microvesicles released from CD105+  CSCs in renal 
carcinomas were able to trigger angiogenesis and signifi-
cantly enhanced the metastatic ability of cancer cells. CD105 
expression in EC and in adjacent non-tumorous esophagus 
also played a prognostic role of recurrence. CD105 stained 
microvessels in and around the tumor, but showed weak or 

almost no staining in normal esophageal-tissue blood ves-
sels, indicating its higher specificity for tumor vasculature 
than pan-endothelial markers [225]. Bellone et al. [226] 
find that a diffuse pattern of CD105 staining in the adjacent  
non-tumours esophagus can predict early recurrence. Angio-
genesis, as demonstrated by CD105 staining in the nontumour-
ous esophagus may enhance the growth of intraesophageal  
metastasis or development of multicentric tumors, and thus 
contribute to postoperative recurrence. These results sug-
gested the importance of CD105 in the formation of premet-
astatic niche. Microvessel density (MVD) as determined by 
CD105 correlated with blood vessel invasion, distant metas-
tasis, and formation of ascites in GC patients [227]. Moreover,  
CD34 was universally expressed in blood vessels within 
benign and malignant tissues, whereas CD105 expression 
was minimal in benign tissues but stronger in gastric carci-
noma, suggesting that CD105 is a more specific prognostic  
marker in the evaluation of prognosis in gastric carci-
noma. CD105-MVD was also significantly correlated with  
microscopic venous invasion in HCC patients [228]. Active 
angiogenesis as highlighted by diffuse CD105 staining of 
the microvessels in the adjacent non-tumorous liver tissues 
is predictive of early recurrence of HCC patients [229].  
In colorectal cancer patients, CD105-vessels count in the 
carcinoma specimens can identify patients at high risk of 
metastatic disease [230, 231]. CD105 was also a useful pre-
dictor for the recurrence of resected GC and may have a 
specific association with the development of locoregional 
and hematogenous recurrence [232].

Many cancers will develop as a result of a chronic inflam-
matory state due to infections, for example, HCC by Hepati-
tis B and C; CRC by ulcerative colitis; GC by Helicobacter 
pylori and EC by chronic reflux esophagitis. These chronic 
inflammatory conditions help to establish a tumor microenvi-
ronment for tumor growth and progression. Putative inflam-
matory biomarkers of the “tumor microenvironment” have 
gained recognition for elucidating the biology of cancer, and 
may provide additional diagnostic, monitoring and therapeu-
tic opportunities. In liver cancer, Budhu et al. [233] identified 
a unique set of immune response signature biomarker signa-
ture of early stage HCC and the tumor microenvironment. The 
pro-inflammatory cytokines including TNF, IFNG and IL1 
are significantly down-regulated whereas anti-inflammatory 
cytokines such as IL4, IL5, IL8 and IL10 are highly elevated 
in livers with metastatic HCC [233]. These studies implicate a 
real potential for increasing the accuracy of liver cancer diag-
nosis and prognosis, as well as in monitoring recurrence.

Conclusion

Numerous regulators involved in the molecular mechanism 
of metastasis have been identified, which provides us a more 
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thorough understanding of the development of metastatic 
tumors. These regulators are potential biomarkers for pre-
dicting metastasis. In this review, we’ve summarized and 
discussed some recent findings of potential biomarkers. A 
number of potential biomarkers have been demonstrated in 
gastrointestinal cancer patients, which provides additional 
choices of biomarkers to increase the sensitivity and speci-
ficity. Moreover, non-invasive biomarkers provide the pos-
sibility to monitor patient disease status after operation, yet 
their post-operation levels have not been monitored in most 
studies. It is possible that the post-operation level could pre-
dict the presence of metastasis with higher sensitivity and 
specificity when compared with the pre-operation level.

Biomarkers for predicting metastasis may also serve as 
therapeutic targets in the inhibition of metastasis develop-
ment. Though at present there seems no “perfect biomarker” 
which precisely identifies all patients with metastatic tumor, 
the current findings are helpful in screening for high risk 
patients who require more careful monitoring or more 
aggressive treatment. It is worthwhile to carry on further 
investigation into the molecular mechanism of metastasis, 
identification of new regulators, and examination of clinico-
pathological parameters with combination of biomarkers.
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