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Abstract: Background: The human epidermal growth factor receptor 2 (HER2) and transcription factor forkhead 
box protein M1 (FOXM1) are proto-oncogenes and have expressed in various kinds of human solid malignancies. 
However, the clinical significance of HER2 and FOXM1 in colorectal cancer (CRC) remains controversial, and there 
is no related report of the connection between HER2 and FOXM1 in colorectal cancer. This study aims to investi-
gate the clinical values based on the connection of HER2 with FOXM1 in colorectal cancer. Material/Methods: We 
retrospectively investigated HER2 and FOXM1 expressions of 130 paraffin embedded CRC and their adjacent para-
neoplastic tissues through immunohistochemical assay. Western blot and RT-PCR assays were applied to measure 
the relative expressions of HER2 and FOXM1 in mRNA and the protein levels of 30 fresh CRC and the adjacent 
paraneoplastic tissues. Results: HER2 and FOXM1 expressions were significantly higher in colorectal cancer than 
those in paraneoplastic tissues (P<0.001). Similarly, the relative expression levels of HER2 and FOXM1 in mRNA 
and protein were also significantly higher in CRC tissues than those in paraneoplastic tissues (P<0.05). The HER2 
expression was closely correlated with tumor size, degree of differentiation, presence of vascular invasion, lymph 
node metastasis, distant metastases, advanced TNM stage, and prognosis (P<0.05). The FOXM1 expression was 
related to tumor invasion, vascular invasion, lymph node metastasis, distant metastases, TNM stage, and prognosis 
(P<0.05). Besides, FOXM1 was an independent prognostic factor in CRC. There was a significant correlation be-
tween FOXM1 and HER2 expressions in colorectal cancer (r=0.335; P<0.01). Conclusions: The overexpressions of 
HER2 and FOXM1 protein in colorectal cancer correlate with their clinicopathological characteristics and prognosis. 
HER2 and FOXM1 are important diagnostic markers for colorectal cancer. Furthermore, FOXM1 may be a potential 
target for therapy especially in HER2-targeted therapy-resistant cancers.
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Introduction 

Colorectal cancer (CRC) is a common malignant 
tumor in the digestive system, the third most 
common cancer and the fourth leading cause 
of cancer-associated mortality worldwide [1]. 
The morbidity and mortality of colorectal can-
cer in China both rank the fifth, and have seri-
ously threatened people’s health [2]. Presently, 
the treatment of colorectal cancer is still mainly 
relying on the surgery supplemented by chemo-
therapy, but the therapeutic effects are far 
from satisfaction, especially for the patients 
with distant metastasis [3]. The biological be- 
havior of colorectal cancer is complex and eas-
ily subject to recurrence, metastasis and resis-
tance to chemotherapeutic drugs [4, 5]. There- 

fore, understanding the mechanism of carcino-
genesis and development of colorectal cancer, 
and identifying specific markers for targeted 
therapy are great significances for patients’ 
treatment in addition to the surgery and adju-
vant chemotherapy.

HER2, a 185KD transmembrane tyrosine kina- 
se receptor mapped onto chromosome 17p21 
and a member of the epidermal growth factor 
receptor (EGFR) family [6], plays an important 
role in cell growth, differentiation and apopto-
sis. It contains three structural domains: a 
transmembrane domain, an N-terminal extra-
cellular domain, and an intracellular tyrosine 
kinase domain. HER2 is the only receptor with 
no direct binding ligand, but it can form het-
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Table 1. Relationship between HER2, FOXM1 and clinic pathological factors in 130 CRC

Varieties n
HER2 FOXM1

Positive Negative χ2 P Positive Negative χ2 P
Age (years)
    ≤60 67 14 53 1.471 0.225 43 24 0.470 0.493
    >60 63 19 44 44 19
Gender
    Male 82 24 58 1.768 0.184 57 25 0.673 0.412
    Female 48 9 39 30 18
Tumor site
    Colon 68 18 50 0.089 0.766 50 18 2.811 0.094
    Rectum 62 15 47 37 25
Tumor Size (cm)
    <5 73 13 60 5.046 0.025 44 29 3.325 0.068
    ≥5 57 20 37 43 14
CEA (ug/l)
    <5 88 19 69 2.070 0.150 58 30 0.127 0.722
    ≥5 42 14 28 29 13
CA19-9 (U/mL)
    <40 111 26 85 1.542 0.214 71 40 3.004 0.083
    ≥40 19 7 12 16 3
Vascular invasion
    Negative 98 12 86 36.290 <0.001 60 38 5.841 0.016
    Positive 32 21 11 27 5
Degree of differentiation
    Well/moderate 96 20 76 4.014 0.045 62 34 0.908 0.341
    Poor 34 13 21 25 9
Depth of tumor invasion
    T1-2 25 5 20 0.474 0.491 9 16 13.371 <0.001
    T3-4 105 28 77 78 27
Lymph node metastasis
    N0 75 13 62 8.207 0.017 39 36 17.845 <0.001
    N1 38 16 22 33 5
    N2 17 4 13 15 2
Distant metastases
    M0 116 22 94 23.433 <0.001 74 42 4.767 0.029
    M1 14 11 3 13 1
TNM staging
    I 19 2 17 27.953 <0.001 5 14 25.572 <0.001
    II 49 6 43 29 20
    III 48 14 34 40 8
    IV 14 11 3 13 1

erodimer with other human epidermal growth 
factor receptor (HER) members. HER2 that 
involved heterodimerization is the most potent 
signal transduction pathway among all dim-
mers formed by the HER family. Additionally, 
the over-expression of HER2 has been found in 

breast cancer, gastric cancer, esophageal can-
cer and other malignant tumors [7-9]. 

FOXM1, an oncogenic transcription factor of 
the Forkhead family, is widely expressed in 
embryonic tissues. The encoding gene consist-
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ing of 10 exons and located in chromosome 
12p13-3 has an evolutionarily conserved DNA-
binding domain with 110 amino acid long [10], 
this domain is called winged-helix or forkhead 
domain. There are three different splicing iso-
forms, namely FOXM1A, FOXM1B and FOXM1C. 
Among them, FOXM1B and FOXM1C are highly 
expressed in cancer tissues, and play critical 
roles in transcriptional activation and carcino-
genesis. However they are much less expressed 
in normal tissues. On the contrary, FOXM1A is 
much less expressed in cancer tissues, and 
plays a transcriptionally inactive effect. There- 
fore, the preferential expressions of FOXM1B 
and FOXM1C are important for carcinogenesis. 
Furthermore, the functions of FOXM1 affect the 
cell cycle by activating the expression of down-
stream molecules, for example vascular endo-
thelial growth factor (VEGF) and matrix metal-
loproteinases (MMPs). FOXM1 also plays a criti-
cal role in cell cycle progression by regulating 
the transition from G1 to S phase and from G2 
to M phase. It is one of the most frequently 
overexpressed genes in human malignant tu- 
mors, causing carcinogenesis by accelerating 
the process of cell cycle [11]. 

HER2 and FOXM1 have many similar biological 
characteristics. Recent studies have suggested 
that the expression of FOXM1 is regulated by 
HER2 in the breast cancer and gastric cancer 
[12, 13]. However, the relationship between 
HER2 and FOXM1 in colorectal cancer has not 
been reported. In this study, we intend to inves-
tigate the expression levels and clinical signifi-
cances of HER2 and FOXM1 in colorectal can-
cer, and further analyze their correlation.

Materials and methods

Patients and tissue samples  

130 CRC tissues and the corresponding para- 
neoplastic tissues (within 5 cm from the tumor 
edge), paraffin-embedded, selected from the 
First Affiliated Hospital of Anhui Medical Uni- 
versity from January 2012 to December 2013, 
underwent surgical resection (Table 1). Besi- 
des, 30 tumor tissues and the matched para-
neoplastic tissues, collected from the First 
Affiliated Hospital of Anhui Medical University 
between October 2016 to December 2016, 
underwent surgical resection and were immedi-
ately frozen in liquid nitrogen and stored at 
-80°C refrigerator. This study was approved by 

the ethics committee of the First Affiliated 
Hospital of Anhui Medical University. The inclu-
sion criteria were: 1) all patients were inform- 
ed and their written consents were obtained  
prior to surgery, 2) all patients had complete 
clinic-pathological information; 3) tumors were 
confirmed to be colorectal adenocarcinoma 
pathologically. None of these patients had 
received preoperative chemotherapy or radio-
therapy. The criteria for histological classifica-
tion accorded with the 8th American Joint 
Committee on Cancer (AJCC). Detailed clinico-
pathological characteristics of the patients are 
summarized in Table 1. The postoperative fol-
low-up was carried after surgery until December 
2016, and the median follow-up period is 32.91 
months (ranging from 5 to 36 months). For 
patients who remained alive, the survival data 
were recorded as 36 months.

Immunohistochemistry  

The expressions of HER2 and FOXM1 were 
detected through analyses with 4 μm-thick sec-
tions of formalin-fixed and paraffin-embedded 
tissues. The tissue sections were deparaf-
finized in dimethylbenzene and rehydrated with 
graded ethanol. The antigen retrieval was car-
ried out by citrate buffer solution (pH 6.0) in 
microwave oven for 15 min. Then the 0.3% 
hydrogen peroxide was used to block the activ-
ity of endogenous peroxidase for 10 min. After 
that, tissue sections were incubated with rabbit 
monoclonal antibody against human HER2 
(dilution 1:250, Abcam, US) and FOXM1 (dilu-
tion 1:150, Abcam, US) at 4°C overnight. In the 
next day, they were incubated by a secondary 
goat anti-rabbit antibody (PV6000, ZSGB-BIO 
Biotechnology, China) for 30 min. Finally, sec-
tions were incubated in 3, 30-diaminobenzi-
dine tetrahydrochloride and counterstained 
with 0.1% hematoxylin. In each case, the posi-
tive controls were set with invasive breast carci-
nomas tissues replacing the CRC tissues. For 
negative controls, the antibodies were substi-
tuted by PBS. The IHC scores were indepen-
dently evaluated by two experienced patholo-
gists, who were blinded to patients’ clinic-path-
ological features.

The HER2 expressions were scored on four 
groups according to Hofmann criterion [14]. A) 
negative (0): no membranous reactivity or stain-
ing in <10% of tumour cells; B) weakly positive 
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Figure 1. (A) Immunohistochemical analysis of HER2 protein expressions in human colorectal cancer tissues (b-e) 
and adjacent paraneoplastic tissues (a). The staining of HER2 protein was mainly located in the membrane and 
lightly in the cytoplasm of tumor cells. (b) negative staining (0); (c) weak staining (1+); (d) moderate staining (2+); 
(e) strong staining (3+). (B) Immunohistochemical analysis of FOXM1 protein expressions in human colorectal can-
cer tissues (b-e) and adjacent paraneoplastic tissues (a). The staining of FOXM1 protein was mainly located in the 
nucleus and cytoplasm of tumor cells. (b) negative staining (0); (c) weak staining (1+); (d) moderate staining (2+); 
(e) strong staining (3+).
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(1+): barely perceptible partial membranous 
reactivity ≥10% of tumor cells; C) moderate 
positive (2+): weak to moderate complete mem-
branous staining in ≥10% of tumor cells; and D) 
strongly positive (3+): strong complete mem-
branous staining in ≥10% of tumor cells. The 
expressions of FOXM1 were classified into four 
groups, based on the staining intensity and 
number of positive cells [15]. The staining 
intensities were scored as follows: 0=no stain-
ing; 1=light staining; 2=moderate staining; and 
3=dark staining. The proportions of positive 
cells were scored as follows: 0=no staining; 
1=0%-25%; 2=25%-50%; 3=50%-75%; and 4= 
75%-100%. Then we multiplied them to obtain 
overall scores. The overall scores of ≤3, 4-5, 
6-7 and >8 were respectively termed as nega-
tive (0), weakly positive (1+), moderate positive 
(2+) and strongly positive (3+). For the HER2 
and FOXM1, IHC 0 and 1+ were considered low 
expression while IHC 2+ and 3+ were consid-
ered overexpression.

Western blot analysis

30 paired colorectal cancer tumor tissues and 
matched paraneoplastic tissues were first 
lysed with moderate phenylmethanesulfonyl 
fluorid and Lysate, and then centrifuged super-
natant repeatedly to extract protein. Amounts 
of total protein extracts were determined via 
bicinchoninic acid (BCA) assays. Proteins were 
separated by sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis (SDS-PAGE), and 
transferred to a polyvinylidene fluoride mem-
branes. Next, membranes were blocked in 5% 
dried skimmed milk buffer for 60 min. After 
that, rabbit monoclonal antibodies were used: 
anti-HER2 (dilution 1:1000; Abcam, US), Anti-
FOXM1 (dilution 1:500; Abcam, US), and anti-
GAPDH (dilution 1:3000; CWBIO Biotechnology, 
China) at 4°C overnight. The next day, the mem-
branes were incubated with a horseradish per-
oxidase conjugated secondary antibody (ZSGB-
BIO Biotechnology, China) for 60 min. The 
results were detected by an enhanced chemilu-
minescence detection system (GE healthcare, 
UK). To ensure experimental accuracy, all reac-
tions were performed in triplicate. The gray 
ratios of HER2/GAPDH and FOXM1/GAPDH 
were used to reflect their relative expression 
levels. The results were expressed by mean ± 
SD.

RNA extraction and RT-PCR

A semi-quantitative RT-PCR approach was used 
to assess mRNA levels of HER2 and FOXM1 in 
this study. Total RNA was extracted from 30 
paired colorectal cancer tumor tissues and the 
matched paraneoplastic tissues with TRIzol 
reagent (Invitrogen, Carlsbad, CA, US) accord-
ing to the manufacturer’s instructions. The re- 
verse transcription was performed via a Re- 
vertAid First Strand cDNA Synthesis Kit (Ther- 
mo Scientific, San Jose, CA, US) according to 
the manufacturer’s instructions. The following 
primer sequences were used: HER2 sense, 
5’-CTGTTTGCCGTGCCACCCTGAGT-3’ and anti-

Table 2. Different expression of HER2 and FOXM1 in CRC cancer tissues and the corresponding para-
neoplastic tissues

Varieties
HER2

χ2 P
FOXM1

χ2 P
Positive Negative Positive Negative

Cancer tissues 33 97 21.991 <0.001  87  43 68.991 <0.001
Paraneoplastic tissues 6 124  21  109

Figure 2. Analysis of HER2 and FOXM1 protein ex-
pressions in 30 cases of CRC tissues and the ad-
jacent paraneoplastic tissues. The average relative 
expressions of HER2 in CRC tissues and the adja-
cent paraneoplastic tissues were 0.809±0.060 and 
0.309±0.075 (t=6.033, P=0.026); and the average 
relative expression of FOXM1 in CRC tissues and the 
adjacent paraneoplastic tissues were 0.903±0.024 
and 0.303±0.046 (t=9.092, P=0.012).
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sense, 5’-CTTCTGCTGCCGTCGCTTGATGAG-3’; 
FOXM1 sense, 5’-GGAGGAAATGCCACACTTAGC- 
G-3’ and antisense, 5’-TAGGACTTCTTGGGTCTT- 
GGGGTG-3’; GAPDH sense, 5’-ACCACAGTCCAT- 
GCCATCAC-3’ and antisense, 5’-TCCACCACCCT- 
GTTGCTG-3’. PCR products were separated via 
electrophoresis on 2.0% agarose. Images were 
captured via the Gel-Doc image analysis sys-
tem (Bio-Rad). To ensure experimental accura-
cy, all reactions were performed in triplicate. 
The gray ratios of HER2/GAPDH and FOXM1/
GAPDH were used to reflect their relative 
expression levels. The results were expressed 
by mean ± SD.

Statistical analysis

All statistical analyses were carried out via the 
software package SPSS 16.0 (Chicago, IL, US). 
The results of IHC of HER2 and FOXM1 expres-
sions and their relationships with clinic-patho-
logical parameters were analyzed via chi-
square statistical or Fisher’s exact test. The 
spearman correlation test was used to assess 
the correlation between HER2 and FOXM1. The 

HER2 was positively stained in the membrane 
and cytoplasm, while FOXM1 was mainly ex- 
pressed in the nucleus and cytoplasm of 
colorectal tissues (Figure 1A, 1B). The results 
showed that the positive rate of HER2 was 
25.38% (33/130) in cancer tissues of CRC and 
4.62% (6/130) in the adjacent paraneoplastic 
tissues. The difference of HER2 expressions 
between the two groups was statistically signifi-
cant (χ2=21.991, P<0.001, Table 2). Besides, 
higher HER2 expressions were found to be 
closely correlated with larger tumor sizes, poor-
er degrees of differentiation, presence of vas-
cular invasions, lymph node metastases, dis-
tant metastases and advanced TNM stages 
(P<0.05, Table 1). However, there was no cor-
relation between the HER2 expression and the 
age, gender, tumor site, CEA, CA19-9 or depth 
of tumor invasion (P>0.05, Table 1). Further- 
more, FOXM1 overexpressions were observed 
in 87 cases (66.92%) among the 130 colorec-
tal cancer tissues; however, much lower expres-
sions of FOXM1 were observed in paraneo- 
plastic tissues (16.15%, 21/130). The FOXM1 
expressions in CRC cancer tissues were signifi-
cantly higher than those in the corresponding 
paraneoplastic tissues (χ2=68.991, P<0.001, 
Table 1). The FOXM1 expressions correlated 
significantly with deeper tumor invasions, pres-
ence of vascular invasions, lymph node metas-
tases, distant metastases and advanced TNM 
stages (P<0.05, Table 1). The FOXM1 expres-
sion was not found to be associated with age, 

Figure 3. Analysis of HER2 and FOXM1 mRNA expressions in 30 cases of CRC 
tissues and the adjacent paraneoplastic tissues. The average relative expres-
sions of HER2 in CRC tissues and the adjacent paraneoplastic tissues were 
0.690±0.063 and 0.396±0.023 (t=29.821, P<0.001); and the average relative 
expressions of FOXM1 in CRC tissues and the adjacent paraneoplastic tissues 
were 0.819±0.026 and 0.479±0.019 (t=13.886, P=0.005).

Table 3. Correlation between HER2 and 
FOXM1 expressions

FOXM1
HER2

p R
Positive Negative

Positive 31 56 <0.01 0.335 
Negative 2 41

student’s t test was used  
to test the differences be- 
tween the subgroups after 
RT-PCR and Western blot. 
Survival curves were plot-
ted via the Kaplan-Meier 
method, and compared by 
the log-rank test. Univariate 
and multivariate survival 
analyses were conducted 
via the Cox proportional 
hazards regression model. 
A value of P<0.05 was con-
sidered as statistical signif-
icance for all tests.

Results

Overexpressions of HER2 
and FOXM1 in colorectal 
cancer tissues 
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gender, tumor site, size, CEA, CA19-9 or degree 
of differentiation (P>0.05, Table 1). The results 
suggested that HER2 and FOXM1 might play 

important roles in CRC progression. Moreover, 
we compared the levels of HER2 and FOXM1 
expressions in 30 paired CRC tissues via RT- 
PCR and western blot analyses. The results 
showed that the relative expressions of HER2 
and FOXM1 in tumor tissues were significantly 
higher than those in the adjacent paraneoplas-
tic tissues in mRNA and protein level (P<0.05. 
Figures 2, 3). 

Correlation between HER2 and FOXM1 expres-
sions in colorectal cancer

31 out of the 33 HER2 positive specimens  
were also positive for FOXM1 by immunohisto-
chemistry. There was a significant correlation 
between the HER2 and FOXM1 expressions in 
colorectal cancer (r=0.335; P<0.01) (Table 3). 
Furthermore, we also analyzed HER2 and 
FOXM1 expressions in 30 paired CRC tissues 
by RT-PCR and Western blot, and found the 
HER2 overexpressions were associated with 
increased levels of FOXM1 expressions. Con- 
versely, the tissues samples devoid of HER2 
expressions also lacked FOXM1 expressions. 
Thus, there is a significant association between 
the HER2 and FOXM1 expressions at transcrip-
tion and translation levels.

Survival analysis of colorectal cancer patients 
in 3 years after surgery

Patients with HER2 and FOXM1 positive ex- 
pressed exhibited significantly lower 3-year  
survival rates compared with those with HER2 
and FOXM1 negative expressed (χ2=13.277, 
P<0.001, and χ2=10.630, P=0.001, respective-
ly, Figure 4). In univariate survival analyses, as 
expected, CEA, CA19-9, degrees of differentia-
tion, vascular invasions, lymph node metasta-
ses, distant metastases and advanced TNM 
stages, FOXM1 expressions and HER2 expres-
sions both affected the overall survivals (P< 
0.05, Table 4). The multivariate analyses re- 
vealed that only CEA, distant metastases and 
FOXM1 expressions were verified to be inde-
pendent prognostic factors while the HER2 
overexpression was not independently associ-
ated with the overall survival (P=0.120, Table 
5).

Discussion

The HER2 overexpression were observed in 33 
of 130 (25.38%) CRC samples, significantly 

Figure 4. Kaplan-Meier survival analysis compar-
ing HER2 (A) and FOXM1 (B) positivity with HER2 
and FOXM1 negativity in colorectal cancer. The CRC 
patients with overexpression of HER2 and FOXM1 
had lower 3-year survival rates. (51.5% vs. 79.4%, 
χ2=13.277, P<0.001; 63.2% vs. 90.7%, χ2=10.630, 
P=0.001, respectively).
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higher than those in paraneoplastic tissues. A 
close association was found between the HER2 
expressions and the following factors: tumor 
sizes, degrees of differentiation, vascular inva-
sions, lymph node metastases, distant metas-
tases and TNM stages. In addition, the HER2 
overexpression was found to be associated 
with poor survival, but it was not an indepen-
dent prognostic factor. HER2 is a proto-onco-
gene, and plays an important role in cell growth, 
survival, and differentiation [6]. After dimeriza-
tion, HER2 can signal through migtogen-acti-
vated protein kinase (MAPK) pathway and 
phosphatidylinositol 3-kinase (PI3K) pathways. 
Based on the previous studies, positive rates of 
HER2 overexpression in CRC were diverse, and 
the clinical significance and prognostic values 
remain controversial. For example, Heppner et 

right hemicolon and the left hemicolon, but 
also between the colon and the recta. 2) Most 
research samples were small and the statisti-
cal significance was not certain. Therefore, the 
expression of HER2 in colorectal cancer 
demands further large-scale sample research.

We also found that FOXM1 overexpressions 
closely correlated with deeper tumor invasions, 
vascular invasions, lymph node metastases, 
distant metastases and TNM stages. The 
FOXM1 expression was an independent prog-
nostic factor in CRC. These results suggested 
that FOXM1 plays an important role in progres-
sion, invasion and metastasis of CRC. As a tran-
scription factor. Its main function is to acceler-
ate the process of tumor cell cycle [10, 19]. 
Through transcriptional regulation of multiple 

Table 4. Results of univariate analyses of 130 CRC patients’ 
survivals by Cox regression model
Varieties n 95.0% CI OR P
Age (years)
    ≤60/>60 67/63 0.810-3.049 1.571 0.181
Gender
    Male/Female 82/48 0.722-2.731 1.415 0.301
Tumor site
    Colon/Rectum 68/62 0.501-1.855 0.964 0.913
Tumor Size (cm)
    <5/≥5 73/57 0.643-2.379 1.236 0.525
CEA (ug/l)
    <5/≥5 88/42 2.446-9.577 4.840 <0.001
CA19-9 (U/mL)
    <40/≥40 111/19 2.005-8.084 4.026 <0.001
Vascular invasion
    Negative/Positive 98/32 1.114-4.258 2.178 0.023
Degree of differentiation
    Well and moderate/poor 96/34 1.065-4.070 2.082 0.032
Depth of tumor invasion
    T1-2/T3-4 25/105 0.787-6.296 2.226 0.131
Lymph node metastasis
    Negative/Positive 75/55 1.222-4.674 2.390 0.011
Distant metastases
    M0/M1 116/14 4.491-18.902 9.214 <0.001
TNM staging
    I-II/III-IV 68/62 1.622-6.983 3.365 0.001
HER2
    Negative/Positive 97/33 1.640-6.129 3.171 0.001
FOXM1
    Negative/Positive 43/87 1.679-13.439 4.750 0.003

al. [16] revealed that HER2 over-
expression were observed in 1.6% 
of 1645 patients with CRC and 
significantly correlated with ad- 
vanced TNM stages and lymph 
node metastases; while there was 
no significant connection between 
the HER2 expressions and the 
patients’ overall survivals. Park et 
al. [17] reported HER2 overexpres-
sion in 47.4% of 137 patients and 
found the patients with HER2 
overexpression showed high post-
operative recurrence rates and 
poor 3-year and 5-year survival 
rates. The overexpression of HER2 
was an independent prognostic 
factor by multivariate analysis. 
Moreover, Tu et al. [18] demon-
strated HER2 overexpression in 
11.6% of 878 patients with CRC 
using immunohistochemistry and 
stated that only the TNM stage 
connected with the HER2 protein 
levels. Based upon our study and 
these previous findings, the posi-
tive expression rates and the  
clinical significance of HER2 in 
colorectal cancer were controver-
sial. It might be caused by the fol-
lowing reasons. 1) Some tissue 
may degraded. The resected spe- 
cimens frozen in liquid nitrogen 
should be within 30 min. 2) The 
expressions of HER2 might be  
different not only between the 
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genes, it can realize G1/S and G2/M conver-
sion, promote the formation of tumor vessels 
by transcriptional activation of VEGF [20], and 
promote tumor invasion and metastasis by 
transcriptional activation of MMP2 and MMP9 
[21]. FOXM1 is closely related to a variety of 
classical signaling pathways, like mitogen-acti-
vated protein kinases (MAPK) signaling path-
way via activating Raf-MEK-MAPK cascade to 
enhance the activation effect on cyclingB1 pro-
moter [22]. Besides, there is also an interaction 
between FOXM1 and PI3K/Akt signaling path-
way [23].

FOXM1, as one of the most frequently expre- 
ssed genes in human malignant tumors, is 
expressed in a variety of malignant tumors [24-
26]. Similarly, FOXM1 has been found to pro-
mote the development of colorectal cancer by 
accelerating the cell cycle. Yoshida et al. [27], 
through mouse model experiment, found mice 
with FOXM1b gene were easier to suffer from 
colon cancer than the control mice, suggesting 
FOXM1 might play an important role in the 
pathogenesis of colon cancer. In addition, Li et 
al. [28] discovered FOXM1 overexpressed in 
colorectal cancer was related to the depth of 
invasion, regional lymph node metastasis and 
TNM stage, and was also closely associated 

tein levels, and found a significant association 
between the HER2 and FOXM1 expressions 
(P<0.05). HER2 and FOXM1 have many similar 
biological characteristics. For example, both 
HER2 and FOXM1 are involved in the signal 
pathways of Ras-MAPK and PI3K-Akt, and they 
are also closely related to tumor angiogenesis, 
invasion and metastasis. Recently, some stud-
ies have showed FOXM1 was a key target of 
trastuzumab, lapatinib and gefitinib [30-32]. 
Carr et al. [30] revealed that FOXM1 overex-
pression conferred resistance to the HER2 
monoclonal antibody Herceptin. Similarly, sta-
ble overexpression of FOXM1 in HER2-over- 
expressed cell lines effectively diminished 
trastuzumab sensitivity, increased colony for-
mation, and inhibited trastuzumab-induced 
cytotoxicity. Treatment of HER2-positive breast 
cancer cells with thiostrepton, a selective inhib-
itor of FOXM1 mRNA, increased sensitivity to 
lapatinib [33]. These findings have confirmed 
that FOXM1 is a principal determining factor of 
anti-HER2 therapeutics sensitivity, and FOXM1 
and HER2 might be closely correlated. It is con-
sistent to our findings. The PI3K-Akt signaling 
pathway is frequently hyperactivated in tumori-
genesis, the HER2 overexpression can activate 
the PI3K-Akt pathway by inhibiting the anti-
oncogene PTEN, leading to FOXO3a inactiva-
tion [34]. Some researchers have confirmed 

Table 5. Results of multivariate analyses of 130 CRC pa-
tients’ survivals by Cox regression model
Varieties n 95.0% CI OR P
CEA (ug/l)
    <5/≥5 88/42 1.587-7.876 3.535 0.002
CA19-9 (U/mL)
    <40/≥40 111/19 0.584-3.600 1.450 0.423
Vascular invasion
    Negative/Positive 98/32 0.143-1.134 0.402 0.085
Degree of differentiation
    Well and moderate/poor 96/34 0.947-4.394 2.039 0.069
Lymph node metastasis
    Negative/Positive 75/55 0.330-5.662 1.366 0.667
Distant metastases
    M0/M1 116/14 1.159-12.317 3.778 0.027
TNM staging
    I-II/III-IV 68/62 0.250-7.125 1.336 0.735
HER2
    Negative/Positive 97/33 0.837-4.716 1.987 0.120
FOXM1
    Negative/Positive 43/87 1.173-10.737 3.548 0.025

with prognosis and metastasis of 
colorectal cancer patients. FOXM1-
positive patients were more likely to 
suffer from vascular and neural 
invasion. Similarly, Uddin et al. [29] 
found that the expression of FOXM1 
was closely related with Ki-67 and 
MMP-9, and the expressions of 
FOXM1 in cancer tissues were high-
er than those in adenoma tissues. 
To sum up, FOXM1 is indeed overex-
pressed in colorectal cancer, but 
the expression rate and the rela-
tionship with clinical parameters 
also demand larger sample data to 
verify.

It has been previously shown that  
a significant association existed 
between the HER2 and FOXM1 
expressions in breast cancer and 
gastric cancer [12, 13]. In the pres-
ent study, we detected the correla-
tion of HER2 and FOXM1 in CRC tis-
sues based on the mRNA and pro-
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there is an antagonism between FOXO3a and 
FOXM1 [30, 32, 35]. For example, McGovern et 
al. [32] found that gefitinib could repress the 
expression of FOXM1 by activating FOXO3a in 
gefitinib-sensitive breast carcinoma cell lines. 
Moreover, Myattet et al. [36] found that FOXO3a 
was also regulated by the mitogenactivated 
protein kinase (MAPK) and extracellular signal-
related kinase (ERK) pathways. Therefore, 
FOXM1 might be a downstream target of the 
HER2-PI3K-Akt-FOXO3a and HER2-Raf-MAPK-
FOXO3a signaling pathways. 

In recent years, molecule-targeted therapies 
have played an important role in the treatment 
of patients with advanced colorectal cancer. 
For example, cetuximab (an epidermal growth 
factor receptor inhibitor) and bevacizumab (a 
vascular endothelial growth factor inhibitor) 
have been widely used in clinical treatment and 
achieved good results for patients suffering 
from colorectal cancer [37, 38]. Although HER2-
targeted inhibitor trastuzumab has not been 
used in the clinical treatment of colorectal can-
cer, its widespread application in breast cancer 
and gastric cancer offers a basis for its use in 
advanced colorectal cancer patients who can-
not undergo radical surgery. At present, some 
patients have appeared to have resistance to 
HER2 targeted drugs. Fortunately, based upon 
previous works and our findings of the many 
common effects of the FOXM1 and HER2, 
FOXM1 might be the downstream target of 
HER2 signaling. Inhibiting the expression of 
FOXM1 can increase the sensitivity of HER2-
targeted drugs. Therefore, the inhibition of 
FOXM1 expression will provide a new strategy 
for the treatment of colorectal cancer, especial-
ly for the colorectal cancers with resistance to 
HER2-targeted therapy.

In conclusion, our study suggests that HER2 
and FOXM1 are overexpressed in colorectal 
cancer, and may function as important diag-
nostic markers for colorectal cancer. Our 
results have revealed that there is a positive 
correlation between HER2 and FOXM1, and 
they may serve as useful molecular biomarkers 
and potential therapeutic targets for colorectal 
cancer. 
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