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Abstract LGR6 is a member of the G protein-coupled receptor family that plays a tumor-suppressive role in
colon cancer. However, the relationship between LGR6 expression in patients and clinicopathological factors
remains unclear. This study aimed to clarify whether the expression level of LGR6 is correlated with colon
adenocarcinoma progression. Immunohistochemistry was used to detect LGR6 expression in colon adenoma
tissues (n = 21), colon adenocarcinoma tissues (n = 156), and adjacent normal tissues (n = 124). The expression
levels of LGR6 in colon adenoma and adenocarcinoma were significantly higher than those in normal colon
epithelial tissues (P < 0.001). Low LGR6 expression predicted a short overall survival in patients with colon
adenocarcinoma (log-rank test, P = 0.016). Univariate and multivariate survival analyses showed that, in addition
to N and M classification, LGR6 expression served as an independent prognostic factor. Thus, low expression of
LGR6 can be used as an independent prognostic parameter in patients with colon adenocarcinoma.

Keywords LGR6; colon adenocarcinoma; immunohistochemistry; prognosis

Introduction

In China, colorectal cancer is the third most common
cancer in women and the fifth most common in men [1].
Many colorectal cancers follow the adenoma–carcinoma
sequence model [2] in which adenomas (i.e., precancerous
lesions of colorectal cancer) may develop into cancer over
more than 10 years [3]. Colonoscopy is an effective
screening method for diagnosing and resecting these
lesions; however, at late stages, surgery and neoadjuvant
and adjuvant therapies are needed [2]. In spite of early
endoscopic screening and aggressive treatments, colorectal
cancer diagnostic methods remain insufficient and mole-
cular studies have been given increasing attention. Color-
ectal cancer can be classified into three molecular
subtypes, namely, chromosomal instability [4], microsa-
tellite instability [4,5], and CpG island methylation
subtypes [6,7]. The identification of novel, reliable

molecular biomarkers associated with clinical factors for
targeted therapy is crucial [8].
G protein-coupled receptors (GPCRs) are membrane

proteins with seven transmembrane domains that regulate
various physiologic processes associated with multiple
diseases [9]. Leucine-rich repeat-containing GPCR 6
(LGR6) exhibits high homology to LGR4 and LGR5
[10], which play roles in activating the Wnt pathway [11].
Among the three receptors, LGR5 and LGR6 play pivotal
roles in adult stem cells: LGR5 is a marker for proliferative
stem cells in the intestine, stomach, colon, and hair follicle;
and LGR6 is a marker for multiple types of adult stem cells
in the skin and nails [12,13].
In addition, the three LGRs are relevant to several types

of cancer. LGR4 contributes to lymphatic invasiveness and
metastasis in human colon carcinoma [14]. LGR4 is also
upregulated in gastric cancer and associated with lymph
node metastasis [15]. LGR5 is related to several clinical
variables and predicts poor survival in lung adenocarci-
noma [16]. The expression and localization of LGR5 are
closely related to the occurrence and development of
gastric cancer, and patients with LGR5+ gastric cancer
exhibit poorer prognoses than those with LGR5– gastric
cancer [17]. LGR5+ stem cells drive intestinal regeneration
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and facilitate cancer initiation through Yap-dependent
reprogramming [18]. Some researchers have speculated
that elevated LGR5 expression may be associated with
poor survival in colorectal cancer patients [19]. Para-
doxically, other research has indicated that loss of LGR5
enhances invasion, growth, and carcinogenesis in color-
ectal cancer cell lines, indicating that LGR5 functions as a
tumor suppressor [20,21]. Therefore, the role of LGR5 in
colorectal cancer remains controversial.
LGR6+ non-small cell lung cancer cells are likely to

undergo self-renewal and progression, indicating their high
carcinogenetic potential [22]. A new study has shown that
LGR6 is a marker for a group of basal and luminal
progenitor cells that induce the occurrence of luminal
mammary tumors [23]. LGR6 is elevated in gastric cancer
and is associated with local tumor growth; notably, LGR6
expression predicts better survival in poorly cohesive
gastric cancer [15]. LGR6 is commonly mutated in
colorectal cancer as confirmed by whole-exon sequencing
[24]. LGR6 is also hypermethylated in 20%–50% of colon
cancer cases, and the discovery of loss-of-function
mutations in cancer cells indicates that LGR6 may serve
as a tumor suppressor gene [25,26]. However, these
findings were observed at the cellular level and have not
been validated in patients. To date, no in-depth study on
the prognostic signature of LGR6 expression at the protein
level in patients with colon adenocarcinoma has been
conducted.
In this study, we examined the expression levels of

LGR6 in colon normal mucosa, adenoma, and adenocarci-
noma tissues. We also evaluated potential correlations
between LGR6 expression and the clinicopathological and
prognostic characteristics of patients with colon adenocar-
cinoma.

Materials and methods

Participants and tissue specimens

Adenoma tissue specimens (n = 21) were collected from
patients who underwent endoscopic treatment in the
Department of Gastroenterology of Peking University
Third Hospital between January 2015 and December 2016.
Tissue specimens were embedded in paraffin, sectioned,
stained with hematoxylin and eosin, and confirmed by our
pathologist by light microscopy. Human colon adenocar-
cinoma and adjacent normal colon tissue samples were
derived from two tissue microarrays (TMAs) that were
purchased from Shanghai Core Technology (Shanghai,
China; lot numbers: HCol-Ade180Sur-01, HCol-Ade180-
Sur-03). The TMAs consisted of 90 colon adenocarcinoma
tissues and 90 adjacent normal colon tissues for a total of
180 cores with a diameter of 1.5 mm. Adjacent normal
colon tissues were obtained at least 2 cm from the tumor

tissues of the same patients. In the course of the
experiment, certain cases were omitted because of tissue
slicing issues or incomplete clinicopathological data. As a
result, 156 colon adenocarcinoma and 124 normal colon
tissues were used for analyses. Pathological diagnoses
were based onWHO classification, and clinicopathological
stage was based on American Joint Committee on Cancer
(AJCC) classification. Survival period was calculated from
the day of surgery to death from colon adenocarcinoma or
to the date of the end of the follow-up period. The median
follow-up time for overall survival was 48 months (range,
1–73 months). None of the patients had received
chemotherapy prior to surgery. The study and the use of
patient tissue specimens and clinicopathological data were
approved by the local Ethics Committee. Characteristics of
the 156 patients with colon adenocarcinoma are summar-
ized in Table 1, and raw clinical data of the 156 patients are
shown in Supplemental Table 1.

Immunohistochemistry

The 21 colon adenoma tissue sections and two TMAs were
formalin fixed and paraffin embedded. Prior to immuno-

Table 1 Clinicopathological factors of patients with colon adenocarci-
noma (n = 156)
Characteristic Value/number of patients Ratio

Age median (range), year 67 (24–91)

Gender

Male 85 54.50%

Female 71 45.50%
Age, year

<60 30 19.20%

60–91 126 80.80%
Tumor Nodes Metastases category

T1 4 2.60%

T2 9 5.80%

T3 113 72.40%

T4 30 19.20%

N0 85 54.50%

N1 54 34.60%

N2 17 10.90%

M0 149 95.50%

M1 7 4.50%
American Joint Committee on Cancer category

I 11 7.10%

II 73 46.80%

III 65 41.70%

IV 7 4.50%
Survival status

Alive 88 56.40%

Dead 68 43.60%
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histochemistry, tissue sections were deparaffinized in xylol
twice for 20 min each and hydrated in a series of
descending alcohol concentrations. Endogenous peroxi-
dase activity was blocked by incubating the samples in
0.3% hydrogen peroxide for 10 min at 25 °C. Antigen
retrieval was carried out at 99 °C in a solution of
10 mmol/L sodium citrate buffer (pH 6.0) for 20 min.
After cooling to 25 °C, the sections were incubated in a
moist chamber at 4 °C overnight with LGR6 or LGR5
primary antibody (Cell Signaling Technology, CST, USA).
PV9000 universal two-step detection kit (Zhong Shan Jin
Qiao, Beijing, China) was applied as the secondary
antibody at 25 °C. Subsequently, staining was visualized
by incubation with diaminobenzidine substrate. Sections
were counterstained with hematoxylin. For negative
controls, the primary antibody was replaced with PBS.

Assessment of immunohistochemical staining intensity

Two professional pathologists blind to clinicopathological
characteristics evaluated all sections independently. Incon-
sistent scores were discussed by the two pathologists until
agreement was reached. Staining scores were categorized
into four grades: 0 for no staining (Fig. 1A), 1+ for weak
staining (Fig. 1B), 2+ for moderate staining (Fig. 1C), and
3+ for strong staining (Fig. 1D). We recorded the scores as

0, 0–1, 1–2, or 2–3. A score of 0–1 was defined as low
expression, and scores higher than 1 were defined as high
expression.

Statistical analysis

All statistical analyses were performed using SPSS version
21.0 (SPSS Inc., Chicago, IL, USA). Chi-square, Fisher’s
exact, and Kruskal–Wallis tests were used to analyze the
association between LGR6 expression and clinicopatho-
logical factors of patients with colon adenocarcinoma. The
Kaplan–Meier (log-rank) test was used for univariate
survival analysis to screen for prognostic factors, and the
Cox proportional hazard regression model was used for
multivariate survival analysis to examine variables sig-
nificantly associated with survival in univariate analysis.
Statistical significance was determined as P < 0.05.

Results

LGR6 expression is significantly higher in adenoma
and adenocarcinoma than in normal tissues

We explored LGR6 expression in normal colon (n = 124),
adenoma (n = 21), and adenocarcinoma (n = 156) tissues,

Fig. 1 LGR6 is expressed in colon adenocarcinoma. Immunohistochemical staining was performed to examine LGR6 expression in
colon adenocarcinomas. Representative photographs are shown, and corresponding regions are enlarged. Staining scores were categorized
into four grades: (A) no staining (0); (B) weak staining (1+); (C) moderate staining (2+); (D) strong staining (3+).
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and representative staining images of LGR6 expression are
presented in Fig. 2. Positive immunoreactions were
primarily detected in the membrane and cytoplasm. In
normal colon tissue (Fig. 2A and 2C), the membrane and
cytoplasm of mucosal epithelial cells were seldom stained,
whereas stromal cells were strongly stained. Normal
(Fig. 2C) and adenoma (Fig. 2D) tissues were extracted
from a large tissue section that enclosed the adenoma and
normal colon mucosa (Fig. 2B). In the same tissue sample,
the staining of the adenoma was significantly stronger than
that of the adjacent normal tissue. Similarly, the expression
of LGR6 in colon adenocarcinoma epithelial cells was
much higher than that in normal tissues (Fig. 2E). One-way
ANOVA indicated significant differences in staining
intensity among the three groups. Specifically, when
comparing the staining intensity scores of normal and
adenoma tissues with a t-test, LGR6 was significantly
overexpressed in adenoma tissues (P < 0.001). Similarly,
by comparing normal and adenocarcinoma tissues using
the same method, LGR6 was found to be significantly
overexpressed in adenocarcinoma tissues (P < 0.001).
Nevertheless, no significant difference in staining was
observed between adenoma and adenocarcinoma tissues
(P > 0.05; Fig. 2F). These findings demonstrate that, in

the progression of colon adenocarcinoma, LGR6 expres-
sion is elevated at the stage of precancerous lesion
formation, which may serve as an early diagnostic
indicator. Furthermore, we examined LGR6 expression
in Sabates–Bellver colon (Fig. 3A) and Skrzypczak
colorectal (Fig. 3B) data sets from Oncomine. We found
that LGR6 expression levels were higher in adenoma and
adenocarcinoma than in normal tissues, and these findings
are consistent with our experimental results. We also
queried CEA, KRAS, and MSI expression statuses in the
UCSC and Oncomine databases to assess correlations
among KRAS, MSI expression statuses, and LGR6
expression. Unfortunately, no data on CEA and LGR6
expression were available. As for KRAS, UCSC data
showed no significant correlations between the expression
of KRAS and LGR6 expression in normal and tumor
tissues (P = 0.1810, P = 0.2177, respectively; Fig. 3C and
3D). However, Oncomine data indicated that LGR6
expression was significantly higher in KRAS mutant
than in KRAS wild-type specimens (P = 0.0006;
Fig. 3E). As for microsatellite statuses, the Oncomine
database showed that LGR6 expression was lower in
specimens with microsatellite instability than in those with
microsatellite stability (P = 0.0220; Fig. 3F). Previous

Fig. 2 Expression of LGR6 in normal, adenoma, and adenocarcinoma colon tissues. (A) Normal colon mucosa; (B) large tissue section
enclosing adenoma and normal colon mucosa; (C) normal tissue extracted from Fig. 2B; (D) adenoma tissue extracted from Fig. 2B;
(E) colon adenocarcinoma tissue; (F) LGR6 expression is higher in colon adenoma and adenocarcinoma tissues than in normal colon
mucosa (t-test, P < 0.001), whereas differences between adenoma and adenocarcinoma are insignificant (t-test, P > 0.05).
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studies have shown that the prognosis of patients with
microsatellite is poorer than that of patients with micro-
satellite stability, which is consistent with our findings on

LGR6 expression in relation to survival as shown below.
The relationship between LGR5 and colorectal cancer is

controversial. Thus, we also compared LGR5 expression

Fig. 3 Expression of LGR6 in colorectal adenoma and adenocarcinoma. (A) LGR6 expression in Sabates–Bellver colon data set in
Oncomine: rectal and colonic adenomas highly express LGR6; (B) LGR6 expression in Skrzypczak colorectal data set in Oncomine:
LGR6 expression in colorectal adenoma is significantly higher than that in normal tissue; (C and D) relationships between KRAS and
LGR6 expression in normal and tumor tissues, respectively, in the UCSC database (P = 0.1810; P = 0.2177). (E) LGR6 expression is
significantly higher in KRAS mutant than in KRAS wild-type specimens in the Oncomine database (P = 0.0006). (F) LGR6 expression is
lower in specimens with microsatellite than in those with microsatellite stability in Oncomine (P = 0.0220).
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in normal colon, adenoma, and adenocarcinoma tissues;
however, we found no significant differences. Therefore,
the role of LGR5 in colorectal cancer requires further
study.

LGR6 expression is associated with adenocarcinoma
patient survival

We analyzed associations between LGR6 expression and
clinical features of the 156 patients with colon adenocarci-
noma (Table 2). Among the adenocarcinoma patients, 59
(37.82%) patients exhibited low expression and 97
(62.18%) exhibited high expression of LGR6. Correlations
between LGR6 expression and gender (Chi-square test, P
= 0.271), age (Chi-square test, P = 0.420), T classification
(Kruskal–Wallis test, P = 0.068; Fisher’s exact test, P =
0.123), M classification (Chi-square test, P = 0.063), N
classification (Fisher’s exact test, P = 0.367), and AJCC
classification (Kruskal–Wallis test, P = 0.285; Fisher’s
exact test, P = 0.146) were insignificant. However, LGR6
expression was significantly associated with survival (Chi-
square test, P = 0.036).

Low LGR6 expression predicts poor prognosis in
patients with colon adenocarcinoma

To determine the clinical significance of LGR6 expression
in colon adenocarcinoma, we performed an in-depth
survival analysis. Among the 156 patients, the median
survival time was 48 months. At the end of the follow-up
period, 88 (56.41%) patients had survived and 68 (43.59%)
patients had died. A total of 61 (39.10%) survivors had
high LGR6 expression and 27 (17.30%) had low
expression. Among the patients who had died, 36
(23.10%) had high expression and 32 (20.50%) had low
expression.
The survival analysis results are presented in Table 3.

Univariate analysis showed that factors significantly
correlated with the length of survival of patients with
colon adenocarcinoma included N classification (N0 vs.
N1–N2, P = 0.002), M classification (M0 vs. M1, P =
0.000), AJCC classification (I –II vs. III–IV, P = 0.001),
and LGR6 expression (high vs. low, P = 0.018). On the
contrary, gender (P = 0.653) and age (P = 0.612) were
insignificantly related to survival.

Table 2 Association between LGR6 expression levels and clinical variables in colon adenocarcinoma

Characteristic

Low-expression group High-expression group

P0 (0–1) (1–2) (2–3)

No. of patients Ratio No. of patients Ratio No. of patients Ratio No. of patients Ratio

Gender 0.271

Male 5 3.20% 31 19.90% 31 19.90% 18 11.50%

Female 7 4.50% 16 10.30% 30 19.20% 18 11.50%

Age, year 0.420

<60 2 1.30% 11 7.10% 8 5.10% 9 5.80%

60–91 10 6.40% 36 23.10% 53 34.00% 27 17.30%

Tumor Nodes Metastases category

T1 1 0.60% 3 1.90% 0 0.00% 0 0.00% 0.068a

T2 1 0.60% 1 0.60% 6 3.80% 1 0.60% 0.123b

T3 8 5.10% 32 20.50% 42 26.90% 31 19.90%

T4 2 1.30% 11 7.10% 13 8.30% 4 2.60%

N0 6 3.80% 28 17.90% 26 16.70% 25 16.00% 0.063

N1–N2 6 3.80% 19 12.20% 35 22.40% 11 7.10%

M0 11 7.10% 44 28.20% 58 37.20% 36 23.10% 0.367

M1 1 0.60% 3 1.90% 3 1.90% 0 0.00%

American Joint Committee on Cancer

I 1 0.60% 4 2.60% 5 3.20% 1 0.60% 0.285a

II 5 3.20% 23 14.70% 21 13.50% 24 15.40% 0.146b

III 5 3.20% 17 10.90% 32 20.50% 11 7.10%

IV 1 0.60% 3 1.90% 3 1.90% 0 0.00%

Survival status

Alive 4 2.60% 23 14.70% 36 23.10% 25 16.00% 0.036*

Dead 8 5.10% 24 15.40% 25 16.00% 11 7.10%
a Kruskal–Wallis test. b Fisher’s exact test. Other P-values are based on Chi-square tests. *P< 0.05.
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Subsequently, Cox proportional hazard model analysis
was used to determine the independent prognostic factors
for survival. Multivariate survival analysis results indi-
cated that N classification (HR 2.109, P = 0.003), M
classification (HR 4.029, P = 0.002), and LGR6 expression
(HR 1.919, P = 0.008) served as independent prognostic
factors. The Kaplan–Meier survival curve (Fig. 4)
demonstrates that elevated expression of LGR6 predicts
long overall survival time (log-rank test, P = 0.016).

Discussion

The development of colonoscopy has improved the
diagnostic rate of colorectal cancer, but this cancer remains
a common cause of death worldwide and accounts for
more than 600 000 deaths each year [2]. Multiple studies
have investigated molecular targets in colorectal cancer,
but few independent prognostic factors have been reported.
Thus, to determine appropriate treatments and improve
colorectal cancer prognoses, predictive and effective
targeted molecular approaches are needed. However,
previous studies on LGR6 were limited to the under-
standing of cellular and molecular mechanisms, and no
studies have analyzed the clinical correlation of LGR6 in
terms of disease progression, especially the prognostic
value of LGR6 expression in colorectal cancer patients.
Intriguingly, our investigation identified that LGR6 is an

independent prognostic factor in colon adenocarcinoma.
For the first time, LGR6 is clearly linked with colon
adenocarcinoma patient progression, indicating that LGR6
is a potential prognostic marker and may also be a
therapeutic target for colorectal cancer.

Table 3 Univariate and multivariate analysis of overall survival in 156 patients with colon adenocarcinoma

Characteristic
Univariate survival analysis Multivariate survival analysis

P HR 95% CI P HR 95% CI

Gender

Male 0.653 0.896 0.554–1.499

Female

Age, year

<60 0.612 1.174 0.629–2.191

60–90

Tumor Nodes Metastases category

T1–T2 0.063 3.794 0.929–15.505

T3–T4

N0 0.002* 2.122 1.307–3.444 0.003* 2.109 1.283–3.467

N1–N2

M0 0.000* 5.437 2.305–12.825 0.002* 4.029 1.681–9.657

M1

American Joint Committee on Cancer

I–II 0.001* 2.229 1.370–3.626

III–IV

Relative level of LGR6

High expression 0.018* 1.780 1.103–2.872 0.008* 1.919 1.182–3.114

Low expression

Patients with P<0.15 in univariate analysis were selected for multivariate analysis of survival. The AJCC (American Joint Committee on Cancer) classification
is directly derived from the TNM classification. Thus, it is excluded in the multivariate survival analysis. * P<0.05.

Fig. 4 Elevated expression of LGR6 predicts long overall
survival for patients with colon adenocarcinoma. Kaplan–Meier
analysis of two groups of patients with colon adenocarcinoma
with high or low LGR6 expression was determined by log-rank
test (P < 0.05), which shows that elevated expression of LGR6
correlates with better overall survival for patients with colon
adenocarcinoma.
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In this study, we used 21 adenoma tissues to analyze
precancerous expression of LGR6. We also used 156
cancer tissues to analyze the relationship between LGR6
expression and clinicopathological features. We found that
LGR6 is upregulated in colon adenocarcinoma and even in
the early stages of adenoma, indicating that it is expressed
during colorectal carcinogenesis. Our findings suggested
that LGR6 acts as a protective factor against cancer
progression. Indeed, protective mechanisms are usually
activated during cancer progression. For example, p53,
HOX family proteins, and various other molecules are
reported to be cancer inhibitors that are upregulated in
cancer [27,28]. Previous findings of loss-of-function
mutations in cancer cells and promoter hypermethylation
strongly argue that LGR6 functions as a tumor suppressor
in colon cancer. Another previous study indicated that
LGR6 is not involved in cancer cell proliferation [26]. We
have also previously examined the potential role of LGR6
in cancer cell proliferation and migration, but no such role
was established. Thus, LGR6 may act as an oncogene in
other ways, which require further research.
In addition to its role in colorectal cancer, LGR6 is

involved in other cancers, such as gastric, lung, and breast
cancers. These results indicate that a single molecule may
have pleiotropic effects in different diseases or different
subtypes of the same disease. Molecules playing different
roles in different organs or tissues are commonly observed
in cancer pathogenesis. Guinot et al. [22] reported that
LGR6 promotes lung cancer progression. However,
aberrant Wnt/β-catenin signaling is known to play a
critical role in the pathogenesis of multiple human diseases
and various types of cancer, including colon cancer [29].
LGR4–6 are modulators of the Wnt/β-catenin signaling
pathway. Interactions with their R-spondin receptors
(RSPO1, RSPO2, RSPO3, or RSPO4) can modulate
Wnt/β-catenin signaling and play pleiotropic roles in
various aspects [11,30]. This mechanism explains how
LGR6 promotes lung cancer progression. LGR6 can bind
to and interact with RSPO1–3, thereby positively impact-
ing Wnt/β-catenin signaling through phosphorylation in
colon cancer [26]. However, this condition does not
explain why high LGR6 expression predicts good outcome
for colorectal patients. Mutations and other molecular
features of LGR6 in the digestive system require further
study.
Colorectal cancer is a heterogeneous disease. Different

subtypes of cells may exist in the same tumor, and patients
suffering from the same type of cancer may exhibit
different therapeutic outcomes and prognoses. This
heterogeneity brings difficulty in selecting appropriate
target therapies for each patient. Therefore, a deep
understanding of tumor heterogeneity in colorectal cancer,
especially in relation to clinical features, is necessary. The
cell membrane signaling GPCR proteins, including LGR6,
are excellent candidates for targeted molecular treatment of

cancer [31]. Notably, our data demonstrate that LGR6 may
be a potential therapeutic target in colon adenocarcinoma.
Increased expression or inhibition of degradation to
interfere with tumor progression can provide potential
therapeutic strategies. Expression of LGR6 can be
combined with other independent prognostic factors for
the diagnosis and treatment of colorectal cancer.
The limitations of the current study include the relatively

small number of patients and the use of immunohisto-
chemical methods only for the detection of LGR6
expression. Despite these limitations, our results demon-
strate a significantly positive correlation between LGR6
expression and colon adenocarcinoma patient prognosis.
In the future, additional precancerous lesions should be
examined, and further functional investigations should be
performed to elucidate the molecular mechanisms by
which LGR6 expression is involved in the progression of
colon cancer. This need is especially true in terms of the
pathogenesis of precancerous lesions such that interven-
tions can be performed early on during disease progres-
sion.
In summary, this study is the first to demonstrate that

LGR6 expression occurs early and remains high in colon
adenoma and adenocarcinoma tissues. Moreover, elevated
expression of LGR6 is associated with improved prognosis
in patients with colon adenocarcinoma. These findings
provide a basis for the potential utility of LGR6 as an early
prognostic biomarker and a target gene for early
therapeutic intervention.
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