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Abstract: Background: LGR5, also named as GPR49, is considered as a biomarker of cancer stem cells which have 
been responsible for the initiation, progression, metastasis, and recurrence of cancers. Vasculogenic mimicry (VM) 
which defines the formation of fluid-conducting tubes by highly progressive and genetically dysregulated cancer 
cells has been considered as useful biomarker for metastasis and prognosis in various cancers. In this study, we 
analyzed associations between LGR5 and VM in oral squamous cell carcinoma (OSCC), and their association with 
clinicopathological characters in OSCC. Methods: Positive rates of LGR5 and VM in 190 OSCC tissue samples and 
correspondence normal tissues were detected by immunohistochemical and histochemical staining. Patients’ clini-
cal data were also collected. Results: Positive rates of LGR5 and VM were significantly higher in OSCC tissues than 
those in normal tissues. Positive rates of LGR5 and VM were positively related to tumor size, grades, lymph node 
metastasis, and TNM stages, and inversely with patients overall survival time. And there was a positive association 
between the expression of LGR5 and positive rate of VM. In multivariate analysis, high expression of LGR5 and posi-
tive VM and lymph node metastasis, as well as TNM stages were to be considered as independent prognosis factors 
for overall survival time in patients with OSCC. Conclusions: The expression of LGR5 and VM represent potential 
biomarkers for metastasis and prognosis, as well as therapeutic targets for OSCC.
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Introduction

New oral cancer cases (including lip cancer) 
were estimated at 300,000 and death cases 
were estimated at approximately 145,000 in 
2012 worldwide [1]. Oral suqamous cell carci-
noma accounts for approximately 90% of all 
diagnosed oral cancer. The major risk factors 
for oral cancer are Smoking, alcohol, betel quid, 
and HPV infection in China [2, 3].

Recurrence and metastasis are the main rea-
sons for cancer treatment failure. This may link 
to a small population of cancer cells, named as 
cancer stem cells (CSCs). CSCs are considered 
as having the capacity of self-renewal and dif-
ferentiation ability [4]. CSCs have been isolated 
and indentified from cancer tissues by using 
various methods and some biomarkers [5, 6], 
such as CD133, CD44, ALDH1, ABCG2, and 
LGR5. Leucine-rich repeat-containing G-protein 
coupled receptor 5 (LGR5), also named as GP- 

R49, is a seven transmembrane receptor en- 
code by the LGR5 gene in various tissues [7]. 
LGR5 is important for cancer development and 
a regulated target of Wnt signaling pathway [8]. 
LGR5 is also considered as a stem cell marker 
in diverse tissues and organs, such as intes-
tine, stomach, and hair follicle [9-11]. Recently, 
studies have indicated that LGR5 is overex-
pressed in diverse types of human cancers, in- 
cluding colorectal cancer, gastric cancer, eso- 
phageal cancer, hepatocellular carcinoma, and 
pancreatic adenocarcinoma [7, 8, 12-14].

Angiogenesis is also a critical process for can-
cer metastasis and recurrence. However, the 
benefit of anti-angiogenic therapy in cancers is 
still unsatisfactory [15]. Vasculogenic mimicry, 
a new cancer blood supply, is defined the for-
mation of fluid-conducting tubes by highly pro-
gressive and genetically dysregulated cancer 
cells [16]. VM plays an important role in the pro-
cess of tumor cells proliferation, invasiveness, 
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and metastasis by its special structure which is 
composed of highly progressive cancer cells 
and remodeling of the extracellular-rich matrix. 
VM, as a new blood supply pattern, provided 
tubes structure by cancer cells which can con-
nect to the host microcirculation system [17-
19]. VM can directly nourish cancer cells and 
take cancer cells with blood into the circulation 
system which causes cancer cells metastasis 
[17-20]. VM maybe be able to explain the failure 

of anti-angiogenic therapy [21]. It has been 
revealed that patients with VM have a poorer 
overall survival and are easier to metastasize 
than patients without VM [17-20].

However, associations between LGR5 and VM 
in OSCC have not yet been far-ranging reported. 
In this study, we performed an immunohisto-
chemical and special histochemical investiga-
tion to explore the role of LGR5 and VM in 
metastasis and prognosis in 190 samples of 
OSCC.

Patients and methods

Patients and tissue samples

We collected samples from all 190 patients 
(median age: 61.0 years, range: 26-86 years) 
who were treated for OSCC at the Department 
of Pathology of the First Affiliated Hospital of 
Bengbu Medical College, from January 2007 to 
December 2010, along with 190 samples of 
the corresponding adjacent normal tissues. 
Patients who had received any preoperative 
anti-cancer therapy (chemo- or radio-therapy or 
other therapies) were excluded. All samples 
were obtained with patients writing consent. 
The study was approved by the ethics commit-
tee of Bengbu Medical College and conduct- 
ed in accordance with the guidelines of the 
Declaration of Helsinki. We collected the en- 
tirely clinicopathological and follow-up data (at 
6-month intervals by phone, e-mail, or social 
application). Tumor-node-metastasis stages we- 
re evaluated according to the 7th edition of the 
American Committee on Cancer. Tumor grades 
were according to the World Health Organiza- 
tion standards. Other characteristics were see 
Table 1.

Immunohistochemistry and histochemistry

Immunohistochemistry was carried according 
to the ElivisionTM Plus detection kit instructions 
(Lab Vision, USA). OSCC and corresponding nor-
mal oral cavity mucosa tissues were all fixed in 
10% buffered formalin and embedded in paraf-
fin. Tissue sections (4 μm) were deparaffinized 
and dehydrated using xylene and a graded eth-
anol solutions as standard procedures, then 
were stained with double staining of CD34 and 
PAS. Endogenous peroxidase activity was qu- 
enched with 3% hydrogen peroxide at room 
temperature for 10 min; then all sections were 

Table 1. Clinicopathological characteristics of 
patients with oral squamous cell carcinoma
Patients  
characteristics

Frequency 
(n)

Percentage 
(%)

Age (years)
    <60 72 37.9
    ≥60 118 62.1
Gender
    Male 124 65.3
    Female 66 34.7
Size (cm)
    ≤2.0 105 55.3
    >2.0, ≤4.0 79 41.6
    >4.0 6 3.2
Location
    Tongue 104 54.7
    Gingival 59 31.1
    Palate 20 10.5
    Tonsil 7 3.7
Smoking
    No 90 47.4
    Yes 100 52.6
Alcohol
    No 85 44.7
    Yes 105 55.3
Differentiation
    Well 141 74.2
    Moderately 24 12.6
    Poor 25 13.2
Lymph node metastasis
    N0 123 64.7
    N1 51 26.8
    N2 16 8.4
TNM stage
    I+II 126 66.3
    III+IV 64 33.7
N0: regional lymph node metastasis; N1: the number of 
regional lymph node metastasis is no more than 3; N: 
the number of regional lymph node metastasis is more 
than 3.
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soaked in citrate buffer (pH 6.0) and placed in 
an autoclave at 121°C for antigen repair for 2 
min. After several washings with Phosphate 
buffered saline (PBS), all sections were blocked 
with goat serum at room temperature for 20 
min, and then incubated with mouse monoclo-
nal antibody against human CD34 (Abcam, 
Cambridge, MA, USA) or LGR5 (Abcam, Cam- 
bridge, MA, USA) at 37°C for 1 h. After washing 
with PBS again, all sections were incubated 
with DAB (DAKO, Glostrup, Denmark) for 5 min, 
then washing distilled water and incubated with 
PAS for 10 min, washing with distilled water 
again. Finally, all sections were counterstained 
with hematoxylin. Negative controls were stain- 
ed by omitting primary antibody from staining 
procedure.

Assessment of staining

Two independent pathologists who were blind 
to all patients’ clinical and follow-up data as- 
sessed semi-quantitatively immunostaining re- 
sults. Ten high-power-field (HPF) representative 
fields from different areas of every OSCC’s sec-
tion were analyzed to prevent any intratumoral 
heterogeneity of biomarker expression. Immu- 
nostaining scores were graded using intensity 

gnostic factors were defined using Cox regres-
sion model for multivariate analysis. All statisti-
cal analyses were conducted using SPSS 19.0 
software for Windows (Chicago, IL, USA). P< 
0.05 was defined statistically significant.

Results

Associations between positive rate of LGR5 or 
VM and clinicopathological characteristics

To assess the contributions of LGR and VM to 
OSCC, the results thereof were immunohisto-
chemically assessed for both OSCC and corre-
sponding normal oral cavity mucosa tissue 
samples. All data were compared to patients 
clinicopathological characteristics. LGR5 posi-
tive staining was mainly located in the cell cyto-
plasm and membrane. The positive rate of 
LGR5 results in the OSCC samples (52.1%, 
99/190) was significantly higher that that in  
the control tissues (10.5%, 20/190; P<0.001; 
Figure 1A and 1B). The positive rate of LGR5 in 
OSCC was positively associated with tumor 
size, grade, lymph node metastasis (LNM), and 
TNM stages, but not with patients’ gender, 
ages, smoking, alcohol, or location (Table 2).

Figure 1. Positive staining of LGR5 and VM in oral squamous cell carcinoma 
or the control tissue. (A) Negative staining of LGR5 in the control tissues (100 
magnification); (B) Positive staining of LGR5 in the cytoplasm and membrane 
of OSCC tissue (400 magnification); (C) Positive staining of VM in OSCC tis-
sues (H&E staining, 100 magnification); (D) Positive staining of VM in OSCC 
tissues (CD34-PAS dual staining, black arrow is microvessels, white arrow is 
VM; C and D are serial sections).

(no staining: 0; weak stain- 
ing: 1; moderate staining: 2; 
strong staining: 3) and extent 
(positive cells <11%: 1; 10%< 
positive cells <51%: 2; 50%< 
positive cells <76%: 3; posi-
tive cells >75%: 4). The inten-
sity and extent scores were 
multiplied to reach final sco- 
res which ranged 0-12. Score 
>2 was determined positive.

Statistical analysis

Spearman coefficient analy-
sis was used to analyze the 
association between LGR5 
expression and VM. Survival 
analysis was assessed using 
Kaplan-Meier method and 
compared by log-rank test. 
Associations between posi-
tive rate of biomarkers and 
clinicopathological character-
istics were analyzed using 
Fisher’s exact test or Chi-
square test. Independent pro- 
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Small vessel, which is like a tube in OSCC, was 
PAS-positive but CD34-negative is considered 
as VM structures. Moreover, we found that 
there was no necrosis and hemorrhage near 
the VM structures in tumors. A modified meth-
od was used to assess VM in the OSCC tissues 
and control tissues [22]. The rate of VM+ re- 
sults in the OSCC samples (31.6%, 60/190) 
was significantly higher that that in the control 
tissues (0%, 0/190; P<0.001; Figure 1C and 

1D). VM in OSCC was positively associated with 
tumor size, grade, LNM, and TNM stages, but 
not with patients’ gender, ages, smoking, alco-
hol, and location (Table 2).

Association between expression of LGR5 and 
VM in OSCC

Spearman coefficient analysis showed that po- 
sitive association between LGR5 positive ex- 

Table 2. Correlation between the expression of LGR5 and VM and clinicopathological characteristics 
in OSCC

Variable
LGR5

P value
VM

P value
Negative Positive Negative Positive

Age (years) 0.885 0.229
    <60 34 38 53 19
    ≥60 57 61 77 41
Gender 0.301 0.208
    Male 56 68 81 43
    Female 35 31 49 17
Size <0.001 <0.001
    ≤2.0 cm 66 39 85 20
    2.0 cm < size ≤4.0 cm 24 55 44 35
    >4.0 cm 1 5 1 5
Location 0.545 0.158
    Tongue 54 50 74 30
    Gingival 25 34 36 23
    Palate 8 12 13 7
    Tonsil 4 3 7 0
Smoking 0.400 0.090
    No 46 44 67 23
    Yes 45 55 63 37
Alcohol 0.429 0.228
    No 38 47 62 23
    Yes 53 52 68 37
Grade <0.001 <0.001
    Well 86 55 111 30
    Moderately 4 20 9 15
    Poor 1 24 10 15
Lymph node metastasis <0.001 <0.001
    No 78 45 102 21
    ≤3 11 40 25 26
    >3 2 14 3 13
TNM stages <0.001 <0.001
    I+II 84 42 103 23
    III+IVa 7 57 27 37
VM* <0.001
    Negative 82 48
    Positive 9 51
*: positive correlation, r = 0.447, P<0.001.
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pression and positive rate of VM (rs = 0.447, 
P<0.001; Table 2).

Univariate and multivariate analyzes

Follow-up data showed that OS was significant-
ly shorter in OSCC patients with LGR5-positive 
samples (43.6±16.1 months) compared with 
those with LGR5-negative (63.7±10.7 months; 
log-rank = 53.077, P<0.001, Figure 2A). Simi- 
larly, OS of VM-positive patients (41.1±16.0 
months) compared with those with VM-nega- 
tive (58.9±14.5 months; log-rank = 46.847, P< 
0.001; Figure 2B). In univariate analysis, OS 
was significantly associated with clinicopatho-
logical characteristics, including tumor grade 
(log-rank = 40.501, P<0.001, Figure 2C), size 
(log-rank = 14.003, P = 0.001, Figure 2D), LNM 

(log-rank = 61.017, P<0.001, Figure 2E), and 
TNM stages (log-rank = 75.575, P<0.001, Fig- 
ure 2F; Table 3).

Multivariate analysis showed that LGR5-po- 
sitive, VM-positive, and LNM, as well as TNM 
stages, were independent prognostic factors 
for OSCC (Table 4).

Discussion

Cancer stem cells (CSCs) were originally identi-
fied in acute myeloid leukemia. At later, CSCs 
were found in various other malignancies, such 
as lung, colon, breast, ovary, stomach, and liver 
cancers [5, 7, 12, 20, 23, 24]. CSCs play an 
important role in the process of initiation, 
development, metastasis, immune evasion and 

Figure 2. Kaplan-Meier analysis of the survival rate of patients with OSCC. The y-axis represents the percentage of 
patients; the x-axis, their survival in months. (A) Overall survival of all patients in relation to LGR5 (log-rank = 53.077, 
P<0.001); (B) Overall survival of all patients in relation to VM (log-rank = 46.847, P<0.001); In (A, B) analyses, the 
green line represents patients with positive LGR5, or VM and the blue line representing the negative LGR5, or VM 
group. In (C) analyses, the blue line represents patients with tumor grades: well group, the green line represents 
moderate group, the brown line represents poor group. In (D) analyses, the blue line represents patients with tumor 
size: ≤2.0 cm group; the green line represents 2.0 cm < S ≤4.0 cm group; the brown line represents >4.0 cm group. 
In (E) analyses, the blue line represents patients with N0 group, the green line represents patients with N1 group, 
the brown line represents patients with N2 group. In (F) analyses, the blue line represents patient with I+II stage 
group, the green line represents patients with III+IV stage group.
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recurrence of cancers [8, 25]. OSCC is a highly 
heterogeneous cancer. For avoiding any intratu-
moral heterogeneity of biomarker expression, 
we chose ten HPF representative fields from 
different areas of every OSCC’s section to ana-
lyze immunostaining results. LGR5 is a com-
mon biomarker of CSCs and was expressed at 

ease. Our results are similar to previous stud-
ies, including those of OSCC and other malig-
nancies [20, 28-31]. 

TNM stages can provide guidelines therapeutic 
tactics for patients with OSCC, however, it can’t 
provide entire information about OSCC’s bio-

Table 3. Results of univariate analyses of overall sur-
vival (OS) time

Variable n Mean OS 
(months) Log-rank P value

LGR5 53.077 <0.001
    Negative 93 63.7±10.7
    Positive 97 43.6±16.1
VM 46.847 <0.001
    Negative 130 58.9±14.5
    Positive 60 41.1±16.0
Age (years) 2.112 0.146
    <60 72 53.7±14.8
    ≥60 118 53.0±18.4
Gender 2.024 0.155
    Male 124 52.6±16.6
    Female 66 54.6±17.9
Size 14.003 0.001
    ≤2.0 cm 105 57.9±15.6
    2.0 cm < size ≤4.0 cm 79 48.1±17.6
    >4.0 cm 6 39.7±8.4
Location 0.882 0.830
    Tongue 104 54.2±16.8
    Gingival 59 52.2±16.6
    Palate 20 50.5±19.6
    Tonsil 7 55.1±19.9
Smoking 0.782 0.377
    No 90 54.0±17.0
    Yes 100 52.6±17.2
Alcohol 0.738 0.390
    No 85 53.8±16.8
    Yes 105 52.8±17.4
Tumor grade 40.501 <0.001
    Well 141 57.5±15.4
    Moderate 24 44.5±17.1
    Poor 25 37.9±14.2
LNM 61.017 <0.001
    N0 123 60.0±13.8
    N1 51 42.6±16.5
    N2 16 36.4±13.6
TNM stage 75.575 <0.001
    I+II 126 60.6±13.4
    III+IV 64 38.9±14.2

the base of crypt stem cells. In this study, 
we analyzed LGR5 protein expression in 
OSCC and corresponding normal oral cavi-
ty mucosa tissues from 190 patients and 
compared to clinicopathological character-
istics. We found that LGR5 expression was 
significantly higher in OSCC tissues than 
that in the normal tissues. Moreover, it 
was positively associated with tumor size, 
grade, LNM, and TNM stages. Furthermore, 
Kaplan-Meier survival analysis suggested 
that OSCC patients with LGR5-positive 
expression had significantly shorter sur-
vival time than did LGR5-negative patients. 
Our findings are similar to the other stud-
ies demonstrating that LGR5 should be 
effective as clinical biomarker for OSCC [8, 
26, 27]. 

Angiogenesis supports the rapid growth of 
tumor by its functions of transporting nutri-
ent and oxygen. The traditional angiogen-
esis theory was focused on the endothelial 
cells forming the neovasculature from pre-
existing vascular. However, the clinical 
benefits of anti-angiogenesis for cancer 
therapy is still unsatisfactory [15, 28].  
This may indicate that there is another 
mechanism of tumor blood supply. In 
1999, Maniotis and his coworker found a 
new blood supply which directly intercon-
nected to form channel-like structures by 
tumor cells----vasculogenic mimicry (VM) 
[16]. Accumulating evidence suggested 
that VM plays an important role in promot-
ing blood supply for tumors. Results in this 
study demonstrated that positive rate of 
VM was significantly higher in OSCC sam-
ples than that in the control samples. And 
its positive rate was positively associated 
with tumor size, grade, LNM, and TNM 
stages. Moreover, we found that patients 
with positive VM had significantly lower 
survival time than did VM-negative pa- 
tients. The above findings suggested that 
VM should be involved in the progression 
and metastasis of OSCC, and could be an 
effective biomarker in conducting this dis-
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logical behavior. Therefore, it is urgent to find 
novel and efficient biomarker to predict OSCC’s 
patient biological behavior. In this study, multi-
variate analysis suggested that LGR5 expres-
sion, positive VM, LNM, as well as TNM stages 
are independent prognostic biomarkers for 
OSCC patients. This finding demonstrates that 
LGR5 and VM should be considered as credible 
biomarkers for OSCC, especially in predicting 
prognosis.

The niche where CSCs reside is composed  
of microvessels and microlymphatic vessels. 
Vascular niche can regulate CSCs self-renewal. 
CSCs can promote angiogenesis to meet rapid 
tumor growth [32]. CSCs can differentiate vari-
ous differentiation tumor cells and stromal 
cells, including endothelial cells [33]. So CSCs 
can mimic endothelial cells to form tube struc-
tures---VM in the tumor tissues. In this study, 
there was a positive association between the 
positive expression of LGR5 and VM in OSCC. 
This indicated that CSCs and VM should pro-
mote OSCC’s proliferation, progression, and 
metastasis.

Conclusions

Our results imply that LGR5 affect OSCC metas-
tasis and prognosis, and combined detection of 
LGR5 and VM, to some extent, should reflect 
OSCC’s cell biological behavior, thus consider-
ing as valuable biomarkers of metastasis and 
prognosis in OSCC.

Acknowledgements

This work was supported by the Nature Science 
Key Program of College and University of Anhui 
Province (No. KJ2017A224).

Disclosure of conflict of interest

None.

Address correspondence to: Lan Yu, Department of 
Pathology, Bengbu Medical College, 287 Changhuai 
Road, Anhui Province, China. Tel: +86-177552037- 
75; E-mail: 1050437113@qq.com

References

[1]	 Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-
Tieulent J, Jemal A. Global cancer statistics, 
2012. CA Cancer J Clin 2015; 65: 87-108.

[2]	 Hashibe M, Brennan P, Chuang SC, Boccia S, 
Castellsague X, Chen C, Curado MP, Dal Maso 
L, Daudt AW, Fabianova E, Fernandez L, 
Wünsch-Filho V, Franceschi S, Hayes RB, Her-
rero R, Kelsey K, Koifman S, La Vecchia C, 
Lazarus P, Levi F, Lence JJ, Mates D, Matos E, 
Menezes A, McClean MD, Muscat J, Eluf-Neto 
J, Olshan AF, Purdue M, Rudnai P, Schwartz 
SM, Smith E, Sturgis EM, Szeszenia-Dabrows-
ka N, Talamini R, Wei Q, Winn DM, Shangina O, 
Pilarska A, Zhang ZF, Ferro G, Berthiller J, Bof-
fetta P. Interaction between tobacco and alco-
hol use and the risk of head and neck cancer: 
pooled analysis in the international head and 
neck cancer epidemiology and consortium. 
Cancer Epidemiol Biomarkers Prev 2009; 18: 
541-50.

[3]	 Wen CP, Tsai MK, Chung WS, Hsu HL, Chang 
YC, Chan HT, Chiang PH, Cheng TY, Tsai SP. 
Cancer risks from betel quid chewing beyond 
oral cancer: a multiple-site carcinogen when 
acting with smoking. Cancer Causes Control 
2010; 21: 1427-35.

[4]	 Balic A, Dorado J, Alonso-Gómez M, Heeschen 
C. Stem cells as the root of pancreatic ductal 
adenocarcinoma. Exp Cell Res 2012; 318: 
691-704.

[5]	 Gao Y, Cai A, Xi H, Li J, Xu W, Zhang Y, Zhang K, 
Cui J, Wu X, Wei B, Chen L. Ring finger protein 
43 associates with gastric cancer progression 
and attenuates the stemness of gastric cancer 
stem-like cells via the Wnt-β/catenin signaling 
pathway. Stem Cell Res Ther 2017; 8: 98.

[6]	 Gonzalez-Moles MA, Scully C, Ruiz-Avila I, Pla-
za-Campillo JJ. The cancer stem cell hypothe-
sis applied to oral carcinoma. Oral Oncol 2013; 
49: 738-46.

[7]	 Liu J, Yu GZ, Cheng XK, Li XD, Zeng XT, Ren XQ. 
LGR5 promotes hepatocellular carcinoma me-
tastasis through inducting epithelial-mesen-
chymal transition. Oncotarget 2017; 8: 50896-
903. 

[8]	 Lv Z, Yu JJ, Zhang WJ, Xiong J, Wang F, Li LF, 
Zhou XL, Gao XY, Ding XF, Han L, Cai YF, Ma W, 
Wang LX. Expression and functional regulation 
of stemness gene Lgr5 in esophageal squa-
mous cell carcinoma. Oncotarget 2017; 8: 
26492-504.

Table 4. Multivariate survival analysis of 190 
patients with OSCC

Covariate B SE Sig Exp 
(B) 95% CI

LGR5 0.569 0.209 0.007 1.766 1.172-2.662
VM 0.515 0.200 0.010 1.674 1.131-2.476
TNM 0.697 0.254 0.006 2.009 1.221-3.304
LNM 0.439 0.178 0.014 1.552 1.095-2.199

mailto:1050437113@qq.com


Expression of LGR5 and VM in OSCC

11274	 Int J Clin Exp Pathol 2017;10(11):11267-11275

[9]	 Sato T, Clevers H. Growing self-organizing mini-
guts from a single intestinal stem cell, mecha-
nism and applications. Science 2013; 340: 
1190-4.

[10]	 Phesse TJ, Sansom OJ. Lgr5 joins the club of 
gastric stem cell markers in the corpus. Nat 
Cell Biol 2017; 19: 752-4.

[11]	 Wang X, Chen H, Tian R, Zhang Y, Drutskaya 
MS, Wang C, Ge J, Fan Z, Kong D, Wang X, Cai 
T, Zhou Y, Wang J, Wang J, Wang S, Qin Z, Jia H, 
Wu Y, Liu J, Nedospasov SA, Tredget EE, Lin M, 
Liu J, Jiang Y, Wu Y. Macrophages induce AKT/
β-catenin-dependent Lgr5þ stem cell activa-
tion and hair follicle regeneration through TNF. 
Nat Commun 2017; 8: 14091.

[12]	 Takemasa I, Doki Y, Mori M. Full-length LGR5-
positive cells have chemoresistant character-
istics in colorectal cancer. Br J Cancer 2016; 
114: 1251-60.

[13]	 Syu LJ, Zhao X, Zhang Y, Grachtchouk M, Demi-
track E, Ermilov A, Wilbert DM, Zheng X, Kaatz 
A, Greenson JK, Gumucio DL, Merchant JL, di 
Magliano MP, Samuelson LC, Dlugosz AA. Inva-
sive mouse gastric adenocarcinomas arising 
from Lgr5+ stem cells are dependent on cross-
talk between the Hedgehog/GLI2 and mTOR 
pathways. Oncotarget 2016; 7: 10225-70.

[14]	 Amsterdam A, Raanan C, Schreiber L, Polin N, 
Givol D. LGR5 and Nanog identify stem cell sig-
nature of pancreas beta cells which initiate 
pancreatic cancer. Biochem Biophys Res Com-
mun 2013; 433: 157-62.

[15]	 Vredenburgh JJ, Desjardins A, Herndon JE 2nd, 
Dowell JM, Reardon DA, Quinn JA, Rich JN, 
Sathornsumetee S, Gururangan S, Wagner M, 
Bigner DD, Friedman AH, Friedman HS. Phase 
II trial of bevacizumab and irinotecan in recur-
rent malignant glioma. Clin Cancer Res 2007; 
13: 1253-9.

[16]	 Maniotis AJ, Folberg R, Hess A, Seftor EA, Gard-
ner LM, Pe’er J, Trent JM, Meltzer PS, Hendrix 
MJ. Vascular channel formation by human 
melanoma cells in vivo and in vitro: vasculo-
genic mimicry. Am J Pathol 1999; 155: 739-
52.

[17]	 Shirakawa K, Kobayashi H, Heike Y, Kawamoto 
S, Brechbiel MW, Kasumi F, Iwanage T, Konishi 
F, Terada M, Wakasugi H. Hemodynamics in 
vasculogenic mimicry and angiogenesis of in-
flammatory breast cancer xenograft. Cancer 
Res 2002; 62: 560-6.

[18]	 Sun J, Sun B, Sun R, Zhu D, Zhao X, Zhang Y, 
Dong X, Che N, Li J, Liu F, Zhao N, Wang Y, Zhao 
D. HMGA2 promotes vasculogenic mimicry 
and tumor aggressiveness by upregulating 
Twist1 in gastric carcinoma. Sci Rep 2017; 7: 
2229.

[19]	 Zhang J, Zhang G, Hu P, Deng G, Liu Q, Qiao L, 
Luo H, Zhang J. Vasculogenic mimicry is asso-

ciated with increased tumor-infiltrating neutro-
phil and poor outcome in esophageal squa-
mous cell carcinoma. Onco Targets Ther 2017; 
10: 2923-30.

[20]	 Wu S, Yu L, Wang D, Zhou L, Cheng Z, Chai D, 
Ma L, Tao Y. Aberrant expression of CD133 in 
non-small cell lung cancer and its relationship 
to vasculogenic mimicry. BMC Cancer 2012; 
12: 535.

[21]	 Liu X, Wang JH, Li S, Li LL, Huang M, Zhang YH, 
Liu Z, Yang YT, Ding R, Ke YQ. Histone deacety-
lase 3 expression correlates with vasculogenic 
mimicry through the phosphoinositide3-ki-
nase/ERK-MMP-laminin5γ2 signaling path-
way. Cancer Sci 2015; 106: 857-66.

[22]	 Yue WY, Chen ZP. Does vasculogenic mimicry 
exist in astrocytoma? J Histochem Cytochem 
2005; 53: 997-1002.

[23]	 Feng X, Xu X, Xiao X, Zou K, Yu W, Wu J, Tang R, 
Gao Y, Hao J, Zhao X, Liao Y, Chen Y, Huang W, 
Guo W, Kang L, Deng W. NMI inhibits cancer 
stem cells traits by downregulating hTERT in 
breast cancer. Cell Death Dis 2017; 8: e2783.

[24]	 Samardzija C, Greening DW, Escalona R, Chen 
M, Bilandzic M, Luwor R, Kannourakis G, Find-
lay JK, Ahmed N. Knockdown of stem cell regu-
lator Oct4A in ovarian cancer reveals cellular 
reprogramming associated with key regulators 
of cytoskeleton - extracellular matrix remodel-
ing. Sci Rep 2017; 7: 46312.

[25]	 Eramo AF, Lotti F, Sette G, Pilozzi E, Biffoni M, 
Di Virgilio A, Conticello C, Ruco L, Peschle C, De 
Maria R. Identification and expansion of the 
tumorigenic lung cancer stem cell population. 
Cell Death Differ 2008; 15: 504-14.

[26]	 Dalley AJ, Abdul Majeed AA, Pitty LP, Major AG, 
Farah CS. LGR5 expression in oral epithelial 
dysplasia and oral squamous cell carcinoma. 
Oral Surg Oral Med Oral Pathol Oral Radiol 
2015; 119: 436-40, e1.

[27]	 Tsui YM, Sze KM, Tung EK, Ho DW, Lee TK, Ng 
IO. Dishevelled-3 phosphorylation is governed 
by HIPK2/PP1Cα/ITCH axis and the non-phos-
phorylated form promotes cancer stemness 
via LGR5 in hepatocellular carcinoma. Onco-
target 2017; 8: 39430-42.

[28]	 Yu L, Zhu B, Wu S, Zhou L, Song W, Gong X, 
Wang D. Evaluation of the correlation of vascu-
logenic mimicry, ALDH1, KiSS-1, and MACC1 in 
the prediction of metastasis and prognosis in 
ovarian carcinoma. Diagn Pathol 2017; 12: 23.

[29]	 Wang L, Lin L, Chen X, Sun L, Liao Y, Huang N, 
Liao W. Metastasis associated in colon can-
cer-1 promotes vasculogenic mimicry in gas-
tric cancer by upregulating Twist1/2. Oncotar-
get 2015; 6: 11492-506.

[30]	 Tong M, Han BB, Holpuch AS, Pei P, He L, Mal-
lery SR. Inherent phenotypic plasticity facilitat-
ed progression of head and neck cancer: en- 



Expression of LGR5 and VM in OSCC

11275	 Int J Clin Exp Pathol 2017;10(11):11267-11275

dotheliod characteristics enable angiogenesis 
and invasion. Exp Cell Res 2013; 319: 1028-
42.

[31]	 Zhou L, Yu L, Zhu B, Wu S, Song W, Gong X, 
Wang D. vasculogenic mimicry and expression 
of Twist1 and KAI1 correlate with metastasis 
and prognosis in lung squamous cell carcino-
ma. Int J Clin Exp Pathol 2017; 10: 7542-50.

[32]	 Hilbe W, Dirnhofer S, Oberwasserlechner F, 
Schmid T, Gunsilius E, Hilbe G, Wöll E, Kähler 
CM. CD133 positive endothelial progenitor 
cells contribute to the tumour vasculature in 
non-small cell lung cancer. J Clin Pathol 2004; 
57: 965-9.

[33]	 Wang R, Chadalavad K, Wilshire J, Kowalik U, 
Hovinga KE, Geber A, Fligelman B, Leversha M, 
Brennan C, Tabar V. Glioblastoma stem-like 
cells give rise to tumour endothelium. Nature 
2010; 468: 829-33.


