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Original Article
Lemur tyrosine kinase-3 is a significant prognostic 
marker for patients with colorectal cancer
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Abstract: Lemur tyrosine kinase-3 (LMTK3) belongs to the family of serine-threonine-tyrosine kinases and the aber-
rant expression of LMTK3 was observed in several human malignancies. However, the association of LMTK3 with 
clinical outcomes in colorectal cancer patients is unclear. Thus, this present study was to evaluate the association 
of LMTK3 expression level with clinicopathologic factors and prognosis of patients with colorectal cancer (CRC). The 
expression level of LMTK3 in 69 archival paraffin-embedded colorectal tumor tissue specimens was examined by 
immunohistochemistry (IHC). As a result, we found that the LMTK3 expression level was significantly elevated in 
CRC tissues as compared with Crohn’s disease or colorectal polyp tissues (P<0.0001, P<0.0001, respectively). Posi-
tive LMTK3 signals in the colorectal cancer cells were observed in about 89.9% (62 of 69) CRC tissue specimens. 
Additionally, LMTK3 expression was significantly correlated with lymph node metastasis and tumor-node-metastasis 
(TNM) classification (P=0.003, and P=0.008, respectively), but not with sex, age, tumor location, histological dif-
ferentiation, tumor size, or depth of tumor invasion (all P>0.05). Kaplan-Meier survival curves showed that the 
overall survival rate was significantly higher in the patients with low expression of LMTK3 when compared with 
those patients with high LMTK3 (P=0.010). Moreover, multivariate analysis revealed that LMTK3 expression was an 
independent prognostic factor for CRC patients (P=0.047). These results suggest that LMTK3 protein could serve 
as a prognostic marker for CRC patients.

Keywords: Colorectal cancer, lemur tyrosine kinase-3 (lmtk3), immunohistochemistry (ihc), prognosis

Introduction

Colorectal cancer (CRC) is a common type of 
gastrointestinal malignancies and the second 
leading cause of cancer-related death in 
Western countries [1, 2]. Despite recent 
advances in treatment strategies including sur-
gery, chemotherapy and radiotherapy, the over-
all 5-year survival rate for patients with 
advanced CRC remains poor [1]. The incidence 
of CRC in China is increasing in the last several 
decades [3]. Therefore, it is necessary to 
explore novel cancer-related genes for predict-
ing the progression and prognosis of CRC and 
developing targeted therapy.

Lemur tyrosine kinase-3 (LMTK3) is a member 
of the serine-threonine-tyrosine kinases family 
[4-7], and was recently identified as a new ERα 
regulator that plays a central role in endocrine 

resistance for breast cancer [8, 9]. However, 
LMTK3 may also have another role in breast 
cancer or other cancers, not related to ERα. For 
instance, Zhao et al. recently demonstrated 
that LMTK3 may be a target of miR-34a and 
overexpression of miR-34a could inhibit cell 
proliferation, S phase ratio, and tumor forma-
tion in an E2-dependent manner in breast can-
cer cell line MCF-7 [10]. Meanwhile, Naik et al. 
reported that LMTK3 was associated with the 
Wnt/β-catenin signaling pathway that is known 
to play a pivotal role in the progression of 
colorectal cancer [11, 12]. However, the clinical 
significance of LMTK3 in CRC has not been well 
investigated.

In this study, we first examined the expression 
level of LMTK3 in CRC tissue specimens by 
immunohistochemical analysis (IHC), and deter-
mined the correlation between tumor LMTK3 
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expression and various clinicopathological 
parameters as well as patients’ prognosis.

Materials and methods

Patients and tissue samples collection

We obtained archived formalin-fixed and paraf-
fin-embedded tumor tissues from 69 CRC 
patients (39 men and 30 women; age range, 
26-87 years old; average age, 62.77 ± 12.26 
years old) who underwent surgery at the Third 
Affiliated Hospital of Soochow University 
(Jiangsu Province, China) between Jan 2009 
and Dec 2011. Patients who underwent any 
forms of preoperative chemotherapy and/or 
radiation therapy were excluded. Furthermore, 
none of patients enrolled in this study suffered 
from other cancers. Each patient with CRC was 
classified on the basis of the tumor-node-
metastasis classification (TNM) of the 
International Union against Cancer (UICC) [13]. 
The remaining clinical and pathological fea-

down and incubated in 0.3% H2O2 solution for 
15 min to block the endogenous peroxidase 
activity, followed by rinsing three times with 
PBS (pH 7.4) for 5 min each, and then incubat-
ed with LMTK3 antibody (1:350 dilution, Santa 
Cruz Biotechnology, Inc., Santa Cruz, CA) in 
humid chamber at 4°C overnight. Negative con-
trols were performed without primary antibody. 
After rinsing three times with PBS (pH 7.4) for 5 
min each, sections were incubated with sec-
ondary antibody (Maixin Biotechnology Co. Ltd, 
Fuzhou, China) at room temperature for 30 min. 
After washing with PBS, the sections were 
stained with DAB, counterstained with hema-
toxylin and differentiated with 0.1% hydrochlo-
ric acid alcohol. Sections were then dehydrat-
ed, cleared and mounted.

Evaluation of LMTK3 positive staining

To quantify LMTK3 protein expression, the 
extent and intensity of immuno-reactivity were 

Table 1. Correlation between LMTK3 expression and patients’ clini-
cal characteristics

Clinicopathological features Cases
LMTK3 expression

X2 P
High, n (%) Low, n (%)

Sex 1.033 0.309
    Male 39 23 (59.0) 16 (41.0)
    Female 30 14 (46.7) 16 (53.3)
Age (years) 0.198 0.657
    ≥60 30 17 (56.7) 13 (43.3)
    <60 39 20 (51.3) 19 (48.7)
Tumor location 1.331 0.249
    Colon 38 18 (47.4) 20 (52.6)
    Rectum 31 19 (61.3) 12 (38.7)
Histological differentiation 0.278 0.598
    Well, moderate 43 22 (51.2) 21 (48.8)
    Poor, mucinous 26 15 (57.7) 11 (42.3)
Tumor size 2.339 0.126
    <5 cm 32 14 (43.8) 18 (56.2)
    ≥5 cm 37 23 (62.2) 14 (37.8)
Depth of tumor invasion 1.430 0.232
    T1, 2 15 6 (40.0) 9 (60.0)
    T3, 4 54 31 (57.4) 23 (42.6)
Lymph node metastasis 9.108 0.003
    Negative 43 17 (39.5) 26 (60.5)
    Positive 26 20 (76.9) 6 (23.1)
Stage 7.103 0.008
    I+II 40 16 (40.0) 24 (60.0)
    III+IV 29 21 (72.4) 8 (27.6)

tures are shown in Table 1. 
The samples from five cases 
of intestinal polyp (3 men 
and 2 women; age range, 
44-67 years old; average 
age, 54.20 ± 10.01 years 
old) and five cases of 
Crohn’s disease (3 men and 
2 women; age range, 28-56 
years old; average age, 
38.40 ± 11.06 years old) 
who had never received a 
diagnosis of malignancy 
were chosen as the control 
group. This study protocol 
was approved by the ethics 
committee of the Third 
Affiliated Hospital of Soo- 
chow University. A written 
informed consent was ob- 
tained from all subjects 
involved in this study.

Immunohistochemistry

Paraffin sections (3 μm) 
were dewaxed in xylene, 
rehydrated in graded etha-
nol solutions. Antigen re- 
trieval was done in citrate 
solution (10 mmol/L, pH 
6.0) at 100°C for 30 min. 
Then sections were cooled 
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assessed and scored independently by two 
pathologists who were blinded to patients’ clini-
cal data by light microscope (Leica DM2500) at 
magnification (x200) with a computer-based 
interface. According to the percentage of cells 
with positive staining in each microscopic field 
of view, the extent of staining was categorized 
to: 0 (<5% positive cells); 1 (5-25% positive 
cells); 2 (25-50% positive cells); 3 (>50% posi-
tive cells). The staining intensity in the nucleus 
and cytoplasm was also evaluated on a scale of 
0-3 as follows: 0 (negative), 1 (weakly positive), 
2 (moderately positive) and 3 (strongly posi-
tive). By multiplying the scores for extent and 
intensity, a total score ranging from 0 to 9 was 
achieved [14]. In the study, the expression level 
of LMTK3 was considered high when score was 
equal to or more than 4 and low when score 
was less than 4.

Statistical analysis

Quantitative data and qualitative data were 
expressed as mean ± SD or rate. Student’s 

t-test and Chi-square test were used to com-
pare the differences for mean or rate between 
two groups. Survival time was calculated from 
the first day of diagnosis to the date of last fol-
low-up or death. Survival curves were analyzed 
using Kaplan-Meier curves, and the difference 
in survival rate was examined using the log-
rank test. Multivariate COX model was per-
formed to evaluate the prognosis factors for 
CRC. All statistical analyses were performed 
using the Statistical Package for the Social 
Sciences, version 13.0 (SPSS, Chicago, IL). A 
statistically significant difference was consid-
ered at P value less than 0.05.

Results

Analysis of LMTK3 expression in CRC tissues, 
Crohn’s disease and intestinal polyp tissues

LMTK3 expression was observed in 62 of 69 
(the positive rate was 89.8%) CRC tissue speci-
mens (Figure 1A and 1B) by IHC, whereas there 

Figure 1. The immunohistochemical staining of LMTK3 protein is shown in colorectal cancer (A, high expression; B, 
low expression), Crohn’s disease (C) and intestinal polyp (D) tissue samples (x200; Leica DM2500).
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was no or very weak LMTK3 staining in Crohn’s 
disease (Figure 1C) or intestinal polyp tissue 
specimens (Figure 1D). LMTK3 protein was 

with high LMTK3 (Figure 3) (87.5% vs. 59.5%, 
X2=6.582, P=0.010). As shown in Table 2, mul-
tivariate analysis demonstrates that high 

Figure 2. Comparison of LMTK3 expression levels between CRC tissues and 
Crohn’s disease or intestinal polyp tissues. P-value was calculated by the un-
paired t test.

Figure 3. Kaplan-Meier survival curves of CRC patients based on the LMTK3 ex-
pression level. Patients with high LMTK3 expression level had a significantly poor-
er survival than those with low LMTK3 expression level (P=0.010, log-rank test).

localized at the nucleus 
and/or cytoplasm of tumor 
cells. As shown in Figure 
2, the mean LMTK3 stain-
ing scores in CRC tissues 
were significantly higher 
than that in Crohn’s dis-
ease or intestinal polyp 
tissues (P<0.0001, P< 
0.0001, respectively). The- 
se data suggest that 
LMTK3 is highly expressed 
in CRC cells.

Correlations between 
LMTK3 expression and 
patients’ clinical charac-
teristics

To determine the clinical 
significance of LMTK3, we 
evaluated the associa-
tions between LMTK3 ex- 
pression and patients’ 
clinicopathological param-
eters (Table 1). High 
LMTK3 expression was 
positively associated with 
lymph node metastasis 
(P=0.003) and higher TNM 
stage (P=0.008). However, 
there were no correlations 
between LMTK3 expres-
sion and sex, age, tumor 
location, histological dif-
ferentiation, tumor size, or 
depth of tumor invasion 
(P=0.309, P=0.657, P= 
0.249, P=0.598, P=0.126 
and P=0.232, respective- 
ly).

Prognostic value of 
LMTK3 expression in CRC 
patients

Kaplan-Meier survival cur- 
ves showed that the over-
all survival rate was signifi-
cantly higher in the pa- 
tients with low expression 
of LMTK3 than in those 
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LMTK3 expression was significantly associated 
with increased hazard risk of death for CRC 
patients compared with the low expression 
group (HR=3.239, 95% CI=1.015-10.339).

Discussion

It is well known that the conventional treatment 
strategies in CRC therapy mostly relied on sur-
gery, radiation, hormones and chemotherapy 
within the last few decades. However, the prog-
nosis and quality of life for CRC patients have 
been poorly improved. Therefore, in recent 
years, some novel anticancer therapies such 
as molecular-targeted drugs and antibodies or 
cancer vaccines were introduced [15, 16]. 
Targeted therapies are expected to have a high 
specificity toward tumor cells and provide a 
broader therapeutic window with less toxicity. 
Tyrosine kinases are an especially important 
therapeutic target because they play a critical 
role in the modulation of growth factor signal-
ing [17-19]. LMTK represents a group within the 
super-family of tyrosine kinases, and is com-
posed of LMTK1, LMTK2 and LMTK3 [4, 5]. 
Recent studies found that LMTK3 was 
expressed in gastric cancer and breast cancer 
tissue specimens, suggesting a possible target 
and a new reliable biomarker [20, 21]. In the 
present study, our IHC analysis showed that 
LMTK3 expression was higher in CRC tissues 
than in Crohn’s disease or intestinal polyp tis-
sues. These results indicate that LMTK3 pro-
tein might involve in tumor progression and 
serve as a potential target and biomarker for 
various malignancies.

Importantly, our results suggested that high 
LMTK3 expression was associated with poor 
clinicopathological parameters such as lymph 
node metastasis and advanced TNM stage, 
indicating that LMTK3 protein may be a novel 
biomarker for predicting tumor progression in 
CRC patients. In fact, in breast cancer cells, 

Stebbing et al. have found that LMTK3 protein 
was expressed in nuclear and/or cytoplasmic, 
and demonstrated that the LMTK3 expression 
level was associated with tumor grade in the 
European cohort and TNM stage as well as 
overall and disease-free survival in the Asian 
cohort [20]. More recently, Wakatsuki et al. 
reported that LMTK3 polymorphisms were sig-
nificantly associated with prognosis of patients 
with gastric cancer [21]. Similar to these find-
ings, our present study exhibited a correlation 
between LMTK3 expression and survival rate 
of CRC patients. Moreover, the COX model anal-
ysis indicated that high expression level of 
LMTK3 was a significant prognostic factor for a 
poor overall survival rate of CRC patients. 
These results indicate that LMTK3 protein 
might be a very good prognostic marker for CRC 
patients and might help for establishing the 
treatment strategy.

Recent studies found that the inhibition of 
LMTK3 might result in reduced β-catenin-
dependent transcription [11]. The β-catenin is 
a key mediator of the canonical Wnt/β-catenin 
signaling pathway that has been considered to 
be a major driving force in colorectal carcino-
genesis [22-24]. When the Wnt signal is pres-
ent, GSK3β activity is inactivated, so that 
β-catenin accumulates in the cytoplasmic and 
translocates subsequently into the nucleus 
[25, 26]. The nuclear β-catenin interacts with 
members of the TCF/LEF transcription co-fac-
tor family to activate downstream target genes 
such as cell cycle-regulating genes (c-myc and 
cyclin D1) and genes related to metastasis and 
invasion of cancer cells (MMP-7 and uPA) [27-
30]. Our results suggest that the blockade of 
LMTK3 protein may be benefit for the prognosis 
of CRC patients.

In conclusion, our results demonstrated that 
LMTK3 protein is a potential novel biomarker 
that may help to improve CRC progression and 

Table 2. Cox model survival analysis of patients’ clinicopathological parameters and LMTK3 expres-
sion in CRC
Clinicopathological parameters Comparison/reference HR (95% CI) P Value
LMTK3 expression Higher/Lower 3.239 (1.015-10.339) 0.047
Gender Female/Male 1.386 (0.546-3.514) 0.492
Age <60/≥60 1.043 (0.407-2.670) 0.930
Lymph node metastasis Positive/Negative 0.935 (0.108-8.070) 0.951
TNM stage III, IV/I, II 2.108 (0.235-18.875) 0.505
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prognostic assessment. Furthermore, LMTK3 
may be a useful target for treating CRC. 
However, the precise functions of LMTK3 in 
CRC patients and the molecular mechanisms 
how LMTK3 protein exert their biological effect 
in CRC are rarely reported, further studies are 
needed to validate these critical issues.
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