Int J Clin Exp Pathol 2014;7(4):1572-1579
www.ijcep.com /ISSN:1936-2625/1JCEP1401100

Original Article

Lgr5 over-expression is positively related to the tumor
progression and HER2 expression in stage

PTNM IV colorectal cancer

Feng-Juan Gao'", Jie-Yu Chen?*, Hong-Yan Wu?, Jiong Shi2, Ming Chen?, Xiang-Shan Fan?, Qin Huang?3

Departments of lEmergency Medicine, 2Pathology, The Affiliated Drum Tower Hospital, Nanjing University Medical
School, Nanjing 210008, Jiangsu Province, China; *Department of Pathology and Laboratory Medicine, Veterans
Affairs Boston Healthcare System and Harvard Medical School, West Roxbury, Massachusetts 02132, USA.
“Equal contributors.

Received January 25, 2014; Accepted March 5, 2014; Epub March 15, 2014; Published April 1, 2014

Abstract: Recent studies display that Leucine-rich repeat-containing G-protein-coupled receptor 5 (Lgr5) appears to
involve the initiation of colorectal cancer (CRC). However, its role in the progression of CRC is not clear at present.
In the present study, the expression of Lgr5, HER2, VEGF, and Ki-67 was detected by immunohistochemistry in pri-
mary cancer tissue and the matched normal mucosa, metastatic lymph node and distant metastatic tissues in 42
CRC cases staged as pTNM IV. The correlation of Lgrb over-expression with the CRC progression, survival time, and
expression of HER2, VEGF, and Ki-67 was evaluated. Moreover, the Lgrb expression at the invasive front or residual
cancer cells around coagulation necrosis was compared with that at the center of CRC in 51 paraffin embedded
tissues. The results revealed that Lgrb over-expression was more frequently found in the metastatic tissues of both
lymph nodes and distant area when compared with primary CRC tissue (P<0.05). Additionally, cancer cells in the
invasive front and residual cancer cells around or among the coagulation necrosis presented stronger Lgr5 immu-
noreactivity than that at tumor center (P<0.05), and strong positive staining was often observed in tumor budding
cells. While, HER2 over-expression was detected in 28.9% (IHC 3+) and 42.1% (IHC 3+/2+) of CRC patients, neither
Lgr5 nor HER2 expression was significantly related to the prognosis of CRC patients, though there was a positive
correlation between Lgr5 and HER2 (P<0.05) or Ki-67 expression (P<0.05). In conclusions, Lgr5 over-expression
might involve the proliferation, invasion, and distant and regional metastasis of CRC cells, and has potential positive
relation to HER2 expression.
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Introduction primary cancer tissue and the matched normal
mucosa, metastatic lymph node and distant
metastatic tissues in 42 CRC cases staged as
pTNM 1V, aiming to evaluate the role of Lgr5 in
the proliferation, invasiveness and metastasis

of CRC cells, and the prognostic prediction in

Leucine-rich repeat-containing G-protein-cou-
pled receptor 5 (Lgr5) is a member of the G pro-
tein coupled receptor super-family and has
been proven to be a downstream target gene of

Wnt/B-catenin pathway [1]. Recent studies sug-
gested that Lgrb was involved in the pathogen-
esis of colorectal adenocarcinoma (CRC), pot-
entially via the Wnt/B-catenin signaling path-
way [2-7]. At present, however, the association
of Lgr5 expression in CRC tissue with the pro-
gression and prognosis of CRC patients is still
controversial [2-8]. Thus, further studies are
required to elucidate this relationship in depth.
In the present study, the Lgr5 expression was
examined by immunohistochemistry (IHC) in

patients with the end stage CRC.

Materials and methods
Cases

Forty-two cases of CRC staged as pTNM IV
according to the pTNM staging system of 7th
AJCC, dating from 2009 to 2011, were retrieved
from the archives of the Department of
Pathology, the Affiliated Drum Tower Hospital of
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Table 1. Primary antibodies used for IHC in this study

and the total

Antibodies

score ranged

Rabbit anti-human Lgr5 monoclonal antibody = EPR3065Y
Rabbit anti-human HER2 polyclonal antibody A0485
VG1
Mouse anti-human Ki-67 monoclonal antibody MIB1

Mouse anti-human VEGF monoclonal antibody

Dilution Company ; o 19
1:400 Lifespan biosciences rom. to ’
19500 Dak The immunos-
: axo taining was co-
1:400 Dako nsidered O or
1:50 Dako

negative when

Nanjing University Medical School. The collec-
tion and use of these samples were in accor-
dance with the Guideline for Use of Human
Specimens developed by the Ethics Committee
of Drum Tower Hospital, and the private infor-
mationrelatedtothesesampleswasremovedcom-
pletely.

Histology and immunohistochemistry

All samples were fixed in 4% formaldehyde and
embedded in paraffin. Routine HE staining was
performed, and histopathological examination
independently done again by two experienced
pathologists. The clinicopathological informa-
tion was collected, including age, gender, tumor
size, cancer grade, and TNM stage of CRC. The
EnVision method was used for IHC. The EnVision
IHC kit and DAB solution were purchased from
Dako Company. Other reagents and antibodies
used in this study are shown in Table 1.

Immunostaining for Lgr5 was performed on the
tissue of primary cancer and their matched nor-
mal mucosa, metastatic lymph nodes and dis-
tant metastatic tissues of 42 cases of CRC, and
on the tissue of the cancer center, invasive
front and residual cancer tissue of necrosis in
51 matched blocks of primary cancer of 42
CRC cases. And immunostaining for HER2,
VEGF, Ki-67 were done in primary cancer tissue
of 42 CRC cases. IHC was performed according
to manufacturer’s instructions. Findings from
IHC were scored semiquantitatively by two
experienced pathologists independently in a
blind manner. Where there was disagreement
between pathologists, the consensus was
reached by a joint reading. Determination of
Lgr5 expression and VEGF expression was
done according to the staining intensity and
proportion of positive cells: staining intensity:
0, no staining; 1, light yellow; 2, yellow and 3,
yellow; proportion of positive cells: 0, <5%; 1,
6-25%; 2, 26-50%; 3, 51-75% and 4, >76%. The
final score was the product by multiplying the
staining intensity and quantity of positive cells,

1573

the score was

0; 1+ or weak
positive, 1-3; 2+ or moderately positive, 4-7; 3+
or strong positive, 8-12. The evaluation of HER2
expression was done according to previously
criteria reported in gastric cancer [9]: O, no
staining; 1+, >210% cells with weak staining; 2+,
>10% cells with moderate staining; 3+, >210%
cells with strong staining. HER2 IHC 2+ and 3+
are regarded over-expression. In the evaluation
of Ki-67 expression, only the proportion of posi-
tive cells was determined and divided into 4
grades: <25%, 25-50%, 50-75% and >75%. In
each experiment, positive control and negative
control were included.

Statistical analysis

The immunoreactivity of Lgr5, VEGF, HER2 and
Ki-67 detected in the primary cancer and the
matched normal mucosa, metastatic lymph
nodes, distant metastatic tissues, and cancers
at the center, invasive front and residuals sur-
rounding the necrotic cancers were graded four
expression level of 0, 1+, 2+ and 3+. Com-
parisons of expression levels were done with
Chi square test. The Kaplan-Meier method was
used to evaluate the survival time, and log-rank
test was employed to compare the survival
among groups. Values of P<0.05 were consid-
ered statistically significant. Statistical analysis
was done with SPSS version 16.0 (SPSS,
Chicago, IL).

Results

Clinicopathological information of CRC pa-
tients

Among 42 cases of CRC patients, there were
22 males and 20 females, with the median age
of 59 years (ranged from 30 to 86 years old). In
addition, tumor located at the right colon, trans-
verse colon, and left colon in 18, 2 and 22
cases with CRC, respectively. CRC metastasis
was found in the liver (n=32), omentum (n=6; 3
from left colon and 3 from right colon), unilat-
eral ovary (n=1; from sigmoid colon), bilateral
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Figure 1. Primary cancer tissue (A), metastatic lymph nodes (B) and distant metastatic lesion in the liver (C) of CRC
presented Lgr5 protein expression variably.

Table 2. Lgr5 expression in primary CRC and their

matched metastatic lymph nodes and distant meta-

static tissues (IHC)

strong positivity (IHC 2+ or 3+). The positive
rate of Lgr5 on stage IV CRC was higher
than that reported in our previous study on

Primary cancer

stage 1~IV CRC (54%, 55/102) (P<0.01) [2].

Statistical analyses revealed that the Lgr5

IHC
0 1+ 2+ 3+
Normal mucosa 0 42 42 O 0 0
metastatic lymph nodes” 34 3 13 12 6
0 3 0 2 0 1
1+ 7 0 5 2 0
2+ 12 1 5 6 0
3+ 12 2 1 4 5
distant metastatic tissues* 42 3 18 13 8
0 4 0 2 1 1
1+ 8 0 6 1 1
2+ 9 1 5 3 0
3+ 21 2 5 8 6

expression of variable extents was obs-
erved in the primary CRC (Figure 1A), and
their matched metastatic lymph nodes
(Figure 1B) and distant metastatic tissues
(Figure 1C), and the proportion of strong
positive samples increased in the above
order (50% (21/42), 68.6% (24/35) and
71.4% (30/42)). The positive rate of Lgrb
expression in metastatic lymph nodes and
distant metastatic tissues was both higher
than it in the matched primary CRC
(P<0.05) (Table 2). Of 51 paraffin embed-

Note: "P<0.05; *P<0.05.

ovaries (n=1; from sigmoid colon), sigmoid
colon from right colon (n=1) and liver and liga-
ment lymph nodes of the duodenum from the
rectum (n=1). Moreover, stage T2, T3 and T4
CRC was found in 1, 38 and 3 patients, respec-
tively; stage NO, N1, N2 and N3 CRC in 7, 21,
12 and 2 patients, respectively. Moderately dif-
ferentiated CRC was noted in 29 patients and
poorly differentiated CRC in 13 patients.

Immunohistochemistry

The immunoreactivity of Lgr5 and VEGF located
both at the cytoplasm and Ki-67 in the nucleus.
HER2 immunostaining was mainly found on the
cell membrane with/without cytoplasm. Acco-
rding to the HER2 expression pattern in the
gastric cancer, only CRC cells with HER2 expres-
sion on cell membrane were counted. In stage
IV CRC, the positive rate of Lgrb was 92.9
(39/42), and 50% of CRC (21/42) showed
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ded tissues, Lgr5 expression in the inva-

sive front (n=50) (Figure 2A) and the resid-

ual tissues surrounding the necrotic cancer
(n=41) (Figure 2B) were both markedly higher
than that in tumor center (n=51) (P<0.001). In
addition, the tissues at the budding site of can-
cer were also strong positive for Lgr5 (Figure
2C). Of patients with stage IV CRC, the rate of
HER2 over-expression was as high as 42.1%
(16/38, IHC: 2+ or 3+), and 28.9% (11/38)
cases presented IHC 3+ (Figure 3). Spearman
correlation analyses displayed that Lgrb
expression was positively associated with the
HER2 over-expression and Ki-67 expression
(P<0.05), but had no relationship with gender,
age, cancer site, histological grade and VEGF
over-expression (P>0.05; Table 3). Kaplan-
Meier analyses showed the mean survival time
of patients with Lgr5 negative or weakly posi-
tive CRC was 35.22+3.97 months, and that of
patients with Lgr5 strong positive CRC was
28.74+3.57 months. Although the latter had
shorter survival time, significant difference was
not observed from the Log-rank test (P>0.05)
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Figure 2. Strong immunoreactivity of Lgrb was found at invasive front (A), residual tissues surrounding the necrotic

cancer (B) and tumor budding (C) in CRC.

Figure 3. HER2 IHC 3+ was found in CRC.

(Figure 4A). Kaplan-Meier analyses showed the
mean survival time was 33.77+3.97 months in
patients with low HER2 expression (0O or 1+)
and 28.6+2.83 months in patients with high
HER2 expression (2+ or 3+). This suggested
that patients with HER2 over-expression had a
shorter survival time, but no marked difference
was observed from the log-rank test (P>0.05)
(Figure 4B).

Discussion

In the present study, the expression of Lgrb,
VEGF, HER2 and Ki-67 in the primary CRC and
the matched normal mucosa, metastatic lymph
nodes and distant metastatic tissues were
detected by the immunostaining method. Our
results showed that Lgr5 protein over-expres-
sion was not only involved in the tumorigenesis,
proliferation, local invasion and lymph node
and distant metastasis of CRC, but associated
with the HER2 protein expression.

In recent years, research about the relationship
between Lgr5 over-expression and CRC pro-
gression is in its infancy and this issue is still
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controversial. Our previous study results by
TMA and IHC methods revealed that 54%
(55/102) of CRC demonstrated clustered or
patchy expression of Lgrb, which was more fre-
quently found in females, and Lgr5 expression
was positively associated with [B-catenin.
However, the correlation of Lgr5 expression
with CRC metastasis was not observed in that
study [2]. In another study by Ziskin et al [8], the
results showed that Lgr5 expression was not
associated with the invasiveness of CRC by the
FISH method in 891 patients with CRC.
Nevertheless, other groups concluded that
Lgr5 expression was involved in the CRC pro-
gression. In 2010, a study from Japan found
that higher mRNA expression level of Lgr5 was
found in metastatic CRC cell lines than in pri-
mary CRC cell lines. In addition, their clinical
study also revealed that increased Lgr5 expres-
sion was involved in not only the pathogenesis
of CRC (positive in 35 of 50 CRC patients and
all the patients with sporadic adenoma) but the
progression of CRC (being related with vascula-
ture invasion, depth of invasion, lymph node
metastasis and several pTNM stages [llIC vs.
I11B]) [4]. A study from Norway also found that
the proportion of CRC with positive expression
against Lgr5 at the budding site, vasculature
involvement and nerve involvement of primary
CRC was 12.9%, 14.8% and 26.7%, respective-
ly, and the ratio was as high as 51.6% at distant
metastatic tissues [5]. Moreover, the Lgrb
expression level in metastatic tissues from pri-
mary CRC with positive Lgr5 expression was
6-11.5 times higher than it in metastatic tis-
sues from negative cases. Amsterdam et al
[10] found that the number of Lgr5 positive
cells at the center of cancer nest was 1-4 in
well differentiated CRC (stage 1-4) and 9-18 in
poorly differentiated CRC by immunostaining
method, and the cluster distribution of Lgrb
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Table 3. Correlation analysis of Lgrb expres-
sion and clinicopathological characteristics in
patients with stage IV CRC

Lgr5 IHC Score

0 1+ 2+ 3+

Gender F 20 0 11 4 5
M 22 3 7 9 3

Age <60 21 1 7 9 4
>60 21 2 11 4 4

Grade G2 29 2 10 11 6
G3 13 1 8 2 2

HER2" IHC 0 16 3 7 4 2
1+ 6 0 4 2 0

2+ 5 0 3 1 1

3+ 11 O 3 5 3

VEGF IHC 0 2 0 0 1 1
1+ 9 1 5 2 1

2+ 15 1 7 5 2

3+ 7 1 3 2 1

Ki-67# <25% 2 0 1 1 0
25%~50% 22 2 12 6 2

50%~75% 12 1 5 3 3
75%~100% 6 0 0 3 3

Note: “P<0.05; #P<0.05.

positive cells was closely related to the cancer
stage. Occasionally, Lgr5 positive cells were
found at the interface between cancer and
stroma. In the present study, the Lgr5 expres-
sion was detected in stage IV CRC. Our results
showed that Lgrb expression was related to the
proliferation of cancer cells (proportion of Ki-67
positive cells), and the Lgr5 expression in met-
astatic lymph nodes and distant metastatic tis-
sues was significantly higher than that in pri-
mary CRC of the corresponding cases. In addi-
tion, we also found the heterogenous expres-
sion of Lgr5 protein by IHC in 51 tissue blocks
of CRC. The results showed the invasive front
was strongly positive against Lgrb and the Lgrb
expression in the invasive front was markedly
higher than that at the cancer center. This find-
ing was consistent with that reported by Wu et
al [11]. Moreover, the cancer at the budding
site was also strongly positive against Lgr5. We
also accidently found that the Lgrb expression
was at a higher level at the residual tissues sur-
rounding the necrotic cancer and significantly
different from that at the cancer center. These
results suggested that the increased Lgr5
expression was involved in the course of the
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proliferation, local invasion and death regula-
tion of CRC cells. Unfortunately, the number of
surgically resected CRC cases at stage IV was
very small, and there were only 42 samples
were studied in this cohort. Further studies
with large samples are required to confirm the
above findings. In any case, the above findings
provided the evidence that Lgr5 over-expres-
sion was involved in the death, local invasion,
lymph node metastasis and distant metastasis
of CRC cells. Although the discrepancies about
this issue were found in the previous and pres-
ent studies because of the difference in meth-
odology, sample sizes and research subjects,
increasing studies showed that Lgr5 positive
CRC cells might have potent biological capacity
and was possibly involved in the progression of
CRC.

As in the correlation between Lgrb over-expres-
sion and CRC progression, the relationship
between Lgr5 and prognosis of CRC patients is
still controversial. Wu et al [11] found that Lgrb
expression in primary CRC was significantly
higher than that at the adjacent mucosa, and
the Lgr5 expression was positively related to
the cancer grade, invasion depth, lymph node
metastasis, distant metastasis, pTNM stage
and Ki-67 expression. These findings together
with those from in vitro experiments suggested
that the Lgr5 expression was closely associat-
ed with the prognosis of CRC patients, and Lgrb
was a possible marker of stem cells of CRC.
Besides in CRC, studies also report that Lgrb
over-expression was also involved in the pro-
gression of gastric cancer [12] and glioblasto-
ma [13], and patients with Lgr5 over-expres-
sion usually had a poor prognosis. Ziskin et al
[8] employed FISH to detect the Lgr5 expres-
sion in 891 CRC samples. However, they did not
found the correlation between Lgr5 over-
expression and prognosis of CRC patients. In
the present study, although CRC patients with
Lgr5 over-expression had a shorter survival
time, statistically significant difference was not
noted. However, the number of CRC at stage IV
is small in clinical practice, and studies with
large sample sizes are required to elucidate
this issue.

In 2010, ToGA Ill study showed patients with
advanced gastric cancer with HER2 IHC 2+/
FISH+ or HER2 IHC 3+ could benefit from tradi-
tional chemotherapy in combination with Her-
ceptin [14]. In past 3 years, advanced gastric
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Figure 4. Survival curves of CRC patients with low (IHC O/1+) and high (IHC 2+/3+) expression of Lgr5 (A) and HER2

(B).

cancer has been regarded an indication for
Herceptin therapy which has been used in
Europe, America, Japan, and China. This signifi-
cantly prolong the overall survival time of
advanced gastric cancer patients. Previous
studies reported that the positive rate of HER2
in gastric cancer was 6.8-26.8% by the IHC
method, and gastric cancer with HER2 expres-
sion was usually intestinal type gastric cancer
[14, 15]. To date, few studies have been con-
ducted to investigate the HER2 over-expression
in CRC. In the present study, we examined the
HER2 expression status in 42 end stage CRC by
immunostaining, and the Lgrb expression sta-
tus was evaluated with the assessing criteria
used in gastric cancer. And the results showed
that 28.9% of advanced CRC showed HER2 IHC
3+ and 42.1% showed IHC 3+ or 2+. However,
Wei et al [16] found that only 1.9% (1/53) of
stage IV CRC was strongly positive against
HER2. Another study from Taiwan revealed that
6% (4/67) of CRC was positive against HER2 on
cell membrane [17]. Thus, the positive rate of
HER2 over-expression in advanced CRC was
significantly higher in the present study than
that reported in above two studies. In gastric
cancer, although there was controversy on the
relationship between HER2 over-expression
and prognosis of patients, most of the studies
showed that patients with HER2 over-expres-
sion had a poor prognosis. In our study, end
stage CRC patients with HER2 over-expression
(similar to Lgr5 expression) had a shorter sur-
vival time when compared with patients whose
tumors were negative or weakly positive for
HER2, but marked difference was not observed.
This finding was in accordance to that from the
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study of Kruszewski et al [18]. Of note, the posi-
tive ratio of HER2 detected by IHC in stage IV
CRC (3+ in 28.9% of CRC by IHC [cell mem-
brane]) in our study was still higher than that in
the study of Kruszewski et al [18] (27% of CRC
positive on cell membrane; 66% of CRC posi-
tive in cytoplasm; overall, 3+ in 15% and 2+ in
32% of CRC).

It is well known that members of GPCR [19] and
HER [20, 21] families are important targets in
the treatment of malignancies. Currently, avail-
able studies showed that there was an interac-
tion between these two families which might
promote the growth and metastasis of breast
cancer [22-25]. Lgrb and HER2 are two impor-
tant representatives of above two families,
respectively. No study suggested the possible
crosstalk between Lgr5 and HER2. In the pres-
ent study, the close relationship between Lgrb
and HER2 expression in CRC was found by IHC
and Spearman analysis in 42 CRC at stage IV.
Thus, further study on the relationship between
Lgr5 and HER2 might be helpful for elucidation
of the role of two proteins in the progression
and the targeted therapy of CRC.

Taken together, our findings showed that the
Lgrb protein expression in CRC was significant-
ly higher than that in normal mucosa, but mark-
edly lower than that at distant metastatic tis-
sues and metastatic lymph nodes. Moreover,
the Lgr5 protein expression at the invasive
front, including tumor budding, and residual tis-
sues surrounding the necrotic cancer was sig-
nificantly higher than that at cancer center.
These results suggested that Lgrb expression
was involved in the pathogenesis, growth, local

Int J Clin Exp Pathol 2014;7(4):1572-1579



Lgr5 and HER2 in colorectal cancer

invasion and metastasis of CRC. In the primary
CRC at stage IV, the proportion of HER2 over-
expression on cell membrane was at a high
level (IHC: 26.2% for 3+; 38.1% for 3+ or 2+),
and Lgrb expression was positively related to
the HER2 expression and Ki-67 expression.
Thus, there might be potential relationship
among the proteins in the progression of CRC.

Acknowledgements

This research project was financed by the
grants from the National Natural Science
Foundation of China (No. 81101815) and Young
Talents Training Project of Health in Nanjing.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Xiangshan Fan or
Dr. Qin Huang, Department of Pathology, The
Affiliated Drum Tower Hospital, Nanjing University
Medical School, 321, Zhongshan Road, Nanjing
210008, lJiangsu Province, China. Tel: 86-25-
83106666 Ext. 10169; E-mail: fanxiangshan@
gmail.com (Xiangshan Fan); ginhuang0122@gmail.
com (Qin Huang)

References

[1] Yamamoto Y, Sakamoto M, Fujii G, Tsuiji H,
Kenetaka K, Asaka M, Hirohashi S. Overex-
pression of orphan G-protein-coupled receptor,
Gpr49, in human hepatocellular carcinomas
with  beta-catenin mutations. Hepatology
2003; 37: 528-533.

[2]  Fan XS, Wu HY, Yu HP, Zhou Q, Zhang YF, Huang
Q. Expression of Lgr5 in human colorectal car-
cinogenesis and its potential correlation with
beta-catenin. Int J Colorectal Dis 2010; 25:
583-590.

[3] KulJL, Shin YK, Kim DW, Kim KH, Choi JS, Hong
SH, Jeon YK, Kim SH, Kim HS, Park JH, Kim 1J,
Park JG. Establishment and characterization of
13 human colorectal carcinoma cell lines: mu-
tations of genes and expressions of drug-sen-
sitivity genes and cancer stem cell markers.
Carcinogenesis 2010; 31: 1003-1009.

[4] Uchida H, Yamazaki K, Fukuma M, Yamada T,
Hayashida T, Hasegawa H, Kitajima M, Kitaga-
wa Y, Sakamoto M. Overexpression of leucine-
rich repeat-containing G protein-coupled re-
ceptor 5 in colorectal cancer. Cancer Sci 2010;
101: 1731-1737.

[5] Kleist B, Xu L, Li G, Kersten C. Expression of
the adult intestinal stem cell marker Lgr5 in
the metastatic cascade of colorectal cancer.
Int J Clin Exp Pathol 2011; 4: 327-335.

1578

(6]

(7]

(8]

)

(11]

(12]

(13]

(14]

Takahashi H, Ishii H, Nishida N, Takemasa |,
Mizushima T, Ikeda M, Yokobori T, Mimori K,
Yamamoto H, Sekimoto M, Doki Y, Mori M. Sig-
nificance of Lgrb(+ve) cancer stem cells in the
colon and rectum. Ann Surg Oncol 2011; 18:
1166-1174.

Walker F, Zhang HH, Odorizzi A, Burgess AW.
LGR5 is a negative regulator of tumourigenici-
ty, antagonizes Wnt signalling and regulates
cell adhesion in colorectal cancer cell lines.
PLoS One 2011; 6: €e22733.

Ziskin JL, Dunlap D, Yaylaoglu M, Fodor IK, For-
rest WF, Patel R, Ge N, Hutchins GG, Pine JK,
Quirke P, Koeppen H, Jubb AM. In situ valida-
tion of an intestinal stem cell signature in
colorectal cancer. Gut 2013; 62: 1012-1023.
Ruschoff J, Dietel M, Baretton G, Arbogast S,
Walch A, Monges G, Chenard MP, Penault-Llor-
ca F, Nagelmeier |, Schlake W, Hofler H, Kreipe
HH. HER2 diagnostics in gastric cancer-guide-
line validation and development of standard-
ized immunohistochemical testing. Virchows
Arch 2010; 457: 299-307.

Amsterdam A, Raanan C, Schreiber L, Freyhan
O, Fabrikant Y, Melzer E. Use of multiple bio-
markers for the localization and characteriza-
tion of colon cancer stem cells by indirect im-
munocytochemistry. Int J Oncol 2012; 41:
285-291.

Wu XS, Xi HQ, Chen L. Lgr5 is a potential mark-
er of colorectal carcinoma stem cells that cor-
relates with patient survival. World J Surg On-
col 2012; 10: 244.

Simon E, Petke D, Boger C, Behrens HM,
Warneke V, Ebert M, Rocken C. The spatial dis-
tribution of LGR5+ cells correlates with gastric
cancer progression. PLoS One 2012; 7:
e35486.

Nakata S, Campos B, Bageritz J, Bermejo JL,
Becker N, Engel F, Acker T, Momma S, Herold-
Mende C, Lichter P, Radlwimmer B, Goidts V.
LGR5 is a marker of poor prognosis in glioblas-
toma and is required for survival of brain can-
cer stem-like cells. Brain Pathol 2013; 23: 60-
72.

Bang YJ, Van Cutsem E, Feyereislova A, Chung
HC, Shen L, Sawaki A, Lordick F, Ohtsu A, Omu-
roY, Satoh T, Aprile G, Kulikov E, Hill J, Lehle M,
Ruschoff J, Kang YK. Trastuzumab in combina-
tion with chemotherapy versus chemotherapy
alone for treatment of HER2-positive advanced
gastric or gastro-oesophageal junction cancer
(ToGA): a phase 3, open-label, randomised
controlled trial. Lancet 2010; 376: 687-697.
Fan XS, Chen JY, Li CF, Zhang YF, Meng FQ, Wu
HY, Feng AN, Huang Q. Differences in HER2
over-expression between proximal and distal
gastric cancers in the Chinese population.
World J Gastroenterol 2013; 19: 3316-3323.

Int J Clin Exp Pathol 2014;7(4):1572-1579


mailto:fanxiangshan@gmail.com
mailto:fanxiangshan@gmail.com
mailto:qinhuang0122@gmail.com
mailto:qinhuang0122@gmail.com

(16]

[17]

(18]

[19]

[20]

Lgr5 and HER2 in colorectal cancer

Wei Q, Shui Y, Zheng S, Wester K, Nordgren H,
Nygren P, Glimelius B, Carlsson J. EGFR, HER2
and HER3 expression in primary colorectal car-
cinomas and corresponding metastases: Im-
plications for targeted radionuclide therapy.
Oncol Rep 2011; 25: 3-11.

Li JW, Chuang TC, Yang AH, Hsu CK, Kao MC.
Clinicopathological relevance of HER2/neu
and a related gene-protein cubic regression
correlation in colorectal adenocarcinomas in
Taiwan. Int J Oncol 2005; 26: 933-943.
Kruszewski WJ, Rzepko R, Ciesielski M, Szefel
J, Zielinski J, Szajewski M, Jasinski W, Kawecki
K, Wojtacki J. Expression of HER2 in colorectal
cancer does not correlate with prognosis. Dis
Markers 2010; 29: 207-212.

Lappano R, Maggiolini M. G protein-coupled
receptors: novel targets for drug discovery in
cancer. Nat Rev Drug Discov 2011; 10: 47-60.
Hsieh AC, Moasser MM. Targeting HER pro-
teins in cancer therapy and the role of the non-
target HER3. Br J Cancer 2007; 97: 453-457.

1579

[21]

[22]

[23]

[24]

[25]

Mass RD. The HER receptor family: a rich tar-
get for therapeutic development. Int J Radiat
Oncol Biol Phys 2004; 58: 932-940.

Arora P, Cuevas BD, Russo A, Johnson GL, Trejo
J. Persistent transactivation of EGFR and
ErbB2/HER2 by protease-activated receptor-1
promotes breast carcinoma cell invasion. On-
cogene 2008; 27: 4434-4445,

Negro A, Brar BK, Gu Y, Peterson KL, Vale W,
Lee KF. erbB2 is required for G protein-coupled
receptor signaling in the heart. Proc Natl Acad
Sci US A 2006; 103: 15889-15893.
Marchese A. Assessment of degradation and
ubiquitination of CXCR4, a GPCR regulated by
EGFR family members. Methods Mol Biol
2006; 327: 139-145.

Gschwind A, Prenzel N, Ullrich A. Lysophospha-
tidic acid-induced squamous cell carcinoma
cell proliferation and motility involves epider-
mal growth factor receptor signal transactiva-
tion. Cancer Res 2002; 62: 6329-6336.

Int J Clin Exp Pathol 2014;7(4):1572-1579



