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FEAT expression correlates with tumor size, PR status, HER2 expression, 
Ki67 index, and molecular subtype and predicts recurrence in breast cancer
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FEAT protein is uniformly overexpressed in a variety of human cancers but weakly expressed in normal tissue. FEAT 
has antiapoptotic activity and plays a role in carcinogenesis; however, the correlation between FEAT and clinicopathologic 
characteristics in cancer has not been reported. Our study explores the expression of FEAT protein and its clinicopatho-
logic significance in breast cancer. We examined the expression of FEAT in tissues from 131 cases of breast cancer by 
immunohistochemistry and analyzed the correlation between FEAT expression and clinicopathologic parameters. The 
difference in FEAT expression between normal breast tissues and breast cancer tissues was also investigated. Finally, we 
analyzed the association between FEAT expression and disease-free survival or overall survival. Our data showed that 
FEAT was expressed in the cytoplasm. The expression of FEAT protein was significantly higher in breast cancer tissues 
than in normal breast tissues. Moreover, the expression of FEAT protein was higher in breast cancer with a larger tumor 
size (>2 cm), negative PR, positive HER2, or higher Ki67 index (≥14%) than in breast cancer with a smaller tumor size 
(≤2 cm), positive PR, negative HER2, or lower Ki67 index (<14%) (P<0.05). In addition, the expression of FEAT protein 
was associated with tumor size, PR status, HER2 expression, Ki67 index, and molecular subtype. Survival analysis showed 
that disease-free survival and overall survival were significantly shorter in breast cancer patients with high FEAT expres-
sion than in those with low expression of FEAT (P<0.05). COX regression analysis showed that FEAT was an independent 
prognostic factor for recurrence in breast cancer, but not for survival. In conclusion, FEAT may be a potential biomarker 
for recurrence of breast cancer.
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FEAT protein is encoded by the METTL13 (methyltrans-
ferase like 13) gene. The human METTL13 gene is located 
on chromosome 1q24.3, a region that is often amplified in 
malignant lymphoma and correlates with prognosis [1-3]. 
FEAT protein is a member of the methyl transferase super-
family with 699 amino acid residues. Japanese researchers 
reported that FEAT protein was highly expressed in colon, 
pancreatic, prostate, breast, ovarian, thyroid, lung, and kidney 
cancer, but expressed at low levels in normal human tissues 
[4]. They also found that FEAT had antiapoptotic activity and 
was involved in carcinogenesis [4]. Because FEAT protein was 
highly expressed in the majority of human tumors but weakly 
expressed in normal tissue, Takahashi et al. proposed that it 
was a characteristic protein of tumors and named it FEAT 
(faint expression in normal tissues, aberrant overexpression 

in tumors) [4]. Liang et al. also reported that FEAT protein 
was highly expressed in lung cancer, breast cancer, and liver 
cancer tissues, but absent in the corresponding normal tissues 
[5]. Further study showed that miR-16 promoted apoptosis 
of tumor cells by silencing FEAT protein through post-
transcriptional regulation [5]. These findings indicate that 
FEAT is an oncoprotein.

However, the correlation of FEAT and clinicopathologic 
characteristics of cancer and the effect of FEAT on tumor re-
currence and prognosis have not been reported. On the basis 
of former research, we performed immunohistochemistry to 
examine the expression status of FEAT in breast cancer speci-
mens, and then analyzed its clinicopathologic significance to 
determine whether it was associated with molecular markers 
and a predictor of recurrence or survival.
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Patients and methods

Tissue specimens and patient information. A total of 131 
paraffin-embedded tumor specimens from female patients 
who were histopathologically diagnosed with breast cancer at 
the Ningbo Diagnostic Pathology Center between February 
2006 and January 2009 were used in the present study. None of 
the patients received chemotherapy, radiotherapy, endocrine 
therapy, or other anticancer therapy before surgery. Clinical 
data of the samples are summarized in Table 1. The median 
age at the time of surgery was 50 years (range, 30–85 years). 
Breast cancer tissues from all 131 surgical specimens were 
used for the detection of FEAT protein. FEAT protein was 
also detected in paired paracancerous breast tissues and paired 
normal breast tissues in 40 out of 131 cases. Paracancerous 
breast tissues or normal breast tissues were defined as breast 
tissue located less than 5 cm or more than 5 cm from the edge 

of the cancerous tissue respectively. Age, tumor grade, tumor 
size, and lymph node status, as well as estrogen receptor (ER) 
status, progesterone receptor (PR) status, human epidermal 
growth factor receptor 2 (HER2) expression levels, and Ki67 
index, were available from the pathologic examination report. 
HER2 expression was considered to be positive for a score of 
3+ with immunohistochemical staining, whereas scores of 0 
or 1+ were considered to be negative. For cases with HER2 
expression score of 2+ by immunohistochemical staining, only 
specimens that received HER2 gene detection by fluorescent in 
situ hybridization(FISH) were included, then HER2 expression 
was determined by the result of FISH. The follow-up ended 
in April 2016. Disease-free survival (DFS) was defined as the 
time from diagnosis to recurrence or last follow-up. Overall 
survival (OS) was defined as the time from diagnosis to death 
or last follow-up. Molecular subtypes were classified according 
to St. Gallen Consensus Conference 2011 as follows: Luminal 
A is ER and/or PR positive, and HER2 negative with a  low 
Ki67 index (< 14%); Luminal B is ER and/or PR positive and 
HER2 positive, or ER and/or PR positive and HER2 negative 
with a high Ki67 index (≥14%); HER2 overexpression is ER 
negative, PR negative, and HER2 positive; triple negative is ER 
negative, PR negative, and HER2 negative. All patients or their 
guardians provided written consent for the use of these clini-
cal materials for research purposes. This study protocol was 
approved by the Ethics Committee of the Affiliated Hospital 
of School of Medicine of Ningbo University.

Immunohistochemistry and assessment. Briefly, paraffin-
embedded tissues were cut into 4µm sections and baked at 
60°C for 2 h, followed by deparaffinization with xylenes and 
rehydration. Antigen retrieval was achieved by heat treatment 
with Tris-EDTA buffer for 20 min using a microwave, followed 
by cooling and two washes with PBS. Tissue sections were then 
treated with 3% hydrogen peroxide for 5 min to inactivate 
endogenous peroxidase, washed with PBS three times, and 
immersed in blocking buffer for 10 min to block nonspecific 
binding. After removal of blocking buffer, the tissue sections 
were covered with Anti-METTL13(FEAT)(Human) mouse 
monoclonal antibody (1:100, MEDICAL & BIOLOGICAL 
LABORATORIES CO.,LTD, Japan), and incubated overnight 
at 4°C. For negative controls, the primary antibody was re-
placed by normal goat serum. After three washes with PBS, the 
tissue sections were treated with goat polyclonal anti-mouse 
IgG/HRP polymer (Zhongshan Golden Bridge Biotechnology 
Co., Ltd., Beijing, China) for 30 min at room temperature. 
The sections were washed with PBS three times and covered 
with DAB substrate solution for 10–20 min, and then washed 
in distilled water and counterstained with hematoxylin. After 
a final wash, the tissue sections were dehydrated by immersion 
in ethanol followed by immersion in xylene, and mounted on 
slides using permount.

Each slide was scored by two pathologists who were blinded 
to all clinical data. Cells with cytoplasmic and/or nuclear stain-
ing were defined as positive. Ten high-power fields (400×) 
were randomly selected for each section and the percentage 

Table 1. Clinicopathologic characteristics of specimens and correlation 
of FEAT expression and clinicopathologic characteristics in breast cancer 
patients

Characteristics Total 
cases

Cases of high 
FEAT  

expression(%)

chi-square 
value P-value

Age (years) 0.316 0.574
<50 64 39 (60.9%)
≥50 67 44 (65.7%)

Tumor grade 0.009 0.996
Grade I 11 7 (63.6%)
Grade II 73 46 (63.0%)
Grade III 47 30 (63.8%)

Tumor size 8.608 0.003
>2cm 63 48 (76.2%)
≤2cm 68 35 (51.5%)

Lymph node metastasis 0.434 0.510
positive 65 43 (66.2%)
negative 66 40 (60.6%)

ER 3.361 0.067
positive 91 53 (58.2%)
negative 40 30 (75.0%)

PR 6.342 0.012
positive 74 40 (54.1%)
negative 57 43 (75.4%)

HER2 9.105 0.003
positive 30 26 (86.7%)
negative 101 57 (56.4%)

Ki67 index 6.721 0.010
≥14% 101 70 (69.3%)
<14% 30 13 (43.3%)

Molecular subtype 7.323 0.062
Luminal A 30 13 (43.3%)
Luminal B 62 42 (67.7%)
HER2 overexpression 14 11 (78.6%)
Triple negative 25 17 (68.0%)



125Clinicopathologic significance of FEAT in breast cancer

of positive cells in these 10 fields was calculated. The samples 
were scored according to the percentage of positive cells as 
follows: ≤5% = 0, 6–25% = 1, 26–50% = 2, 51–75% = 3, and 
>75% = 4. Another score was given according to the staining 
intensity of the majority of cells in each section as follows: no 
staining = 0, light yellow = 1, yellow = 2, or brown = 3. The 
final score for each section was obtained by multiplying these 
two scores. The cut-off score for FEAT expression was strati-
fied by receiver operating characteristic curve analysis. Final 
score ≤4 was classified as low expression, and final score >4 
as high expression.

Statistical analysis. All statistical analyses were carried 
out using IBM SPSS Statistics 19.0 (IBM Corporation, New 
York, NY, USA). The chi-square test was used to analyze dif-
ferences in FEAT expression for different clinicopathologic 
characteristics. Bivariate correlations between study variables 
were calculated by Spearman’s rank correlation coefficients. 
Survival analysis was performed by the Kaplan–Meier method, 
and intergroup differences were calculated by the log-rank test. 
The significance of various variables for survival was analyzed 

by univariate and multivariate Cox regression analyses. All 
reported P-values were two-sided. A P-value less than 0.05 
was considered to be statistically significant.

Results

FEAT was overexpressed in breast cancer tissues. Immu-
nohistochemical staining of breast cancer specimens showed 
that FEAT protein was detectable in the cytoplasm of tumor 
cells and normal breast cells, but not in the nuclei (Figure 1). 
The expression of FEAT protein was significantly higher in 
breast cancer tissues than in paracancerous breast tissues 
and normal breast tissues of 40 breast specimens examined 
(χ2=14.729, P =0.001) (Figure 1, Table 2).

FEAT expression level was associated with clinico-
pathologic features. Statistical analysis by chi-square test 
was performed to evaluate the correlation of FEAT expres-
sion with clinicopathologic parameters of breast cancer. 
As summarized in Table 1, the expression of FEAT protein 
was higher in breast cancer tissues with a larger tumor size 

Figure 1. FEAT expression in breast cancer specimens. (A) Low expression of FEAT in normal breast tissues, (B) low expression of FEAT in para-
cancerous breast tissues, (C) low expression of FEAT in breast cancer tissues, (D) high expression of FEAT in breast cancer tissues. (DAB staining, 
magnification ×400)
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(>2 cm) (P =0.003), negative PR (P =0.012), positive HER2 
(P =0.003), or a higher Ki67 index (≥14%) (P =0.010) than in 
breast cancer tissues with a smaller size (≤2 cm), positive PR, 
negative HER2, or a lower Ki67 index (<14%). However, there 
was no significant difference in FEAT expression in breast 
cancer tissues according to patient age (≥50 or <50), tumor 
grade (Grade I, Grade II, or Grade III), lymph node metastases 
(positive or negative), expression of ER (negative or positive), 
or molecular subtype (P>0.05). Spearman correlation analysis 
suggested that the FEAT expression level was strongly associ-
ated with tumor size (r =0.256, P =0.003), PR status (r =-0.220, 
P =0.012), HER2 expression levels (r =0.264, P =0.002), Ki67 
index (r =0.227, P =0.009), and molecular subtype (r =0.190, 
P=0.030) (Table 3).

FEAT expression level predicts recurrence of breast 
cancer. Kaplan–Meier analysis showed that the DFS rate of 
breast cancer with high FEAT expression was significantly 
lower than that of breast cancer with low FEAT expression 
(log-rank test, chi-square value=7.897, P=0.005) (Figure 2). 

Similarly, the OS rate of breast cancer with high FEAT expres-
sion was significantly lower than that of breast cancer with 
low FEAT expression (log-rank test, chi-square value=7.991, 
P=0.005) (Figure 2). Univariate Cox regression analysis 
showed that tumor size, lymph node metastasis, ER status, 
and FEAT expression levels were risk factors for recurrence in 
breast cancer (P<0.05), and further multivariate Cox regres-
sion analysis showed that all four variables were independent 
prognostic factors for recurrence (P<0.05) (Table 4). Univariate 
Cox regression analysis showed that tumor size, lymph node 
metastasis, ER status, PR status, Ki67 index, FEAT expression 
level, and molecular subtype were prognostic risk factors in 
breast cancer (P<0.05), but further multivariate Cox regression 
analysis showed that only tumor size, lymph node metastasis, 
Ki67 index, and molecular subtype were independent prog-
nostic factors for survival (P<0.05) (Table 5).

Table 2. Different expression of FEAT in breast cancer, paracancerous 
breast tissues and normal breast tissues

Specimens
Cases of high 

FEAT  
expression(%)

chi-square 
value P-value

breast cancer tissues 27/40(67.5%) 14.729 0.001
paracancerous breast tissues 14/40(35.0%)

normal breast tissues 11/40(27.5%) 	

note: comparison of paracancerous breast tissues and normal breast tissues: 
chi-square value=0.524 P=0.469

Figure 2. Kaplan–Meier graph of breast cancer patients with low and high FEAT expression. (A) Disease-free survival (DFS) (chi-square value=7.897, 
P=0.005), (B) overall survival (OS) (chi-square value=7.991, P=0.005).

Table 3. Spearman correlation analysis of FEAT and clinicopathologic 
factors

Variables FEAT expression

Spearman correlation(r) P-Value
Age 0.049 0.577
Tumor grade 0.006 0.949
Tumor size 0.256 0.003
Lymph node metastasis 0.058 0.514
Expression of ER -0.160 0.068
Expression of PR -0.220 0.012
Expression of HER2 0.264 0.002
Ki67 index 0.227 0.009
Molecular subtype 0.190 0.030
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Discussion

FEAT is a member of the methyl transferase superfamily 
proteins and contains two S-adenosylmethionine-binding 
motifs (SAM-binding motifs) that are characteristic of meth-
yltransferases and related enzymes. FEAT can bind SAM [6], 
and therefore theoretically should have methyl transferase 
activity. Methylation plays an important role in the devel-
opment, diagnosis, and treatment of breast cancer [7-9]. 
However, in the study by Takahashi et al., FEAT methyltrans-
ferase activity, spermidine/spermine synthase activity, or 
ubiquinone synthase activity were not detected, and further 
studies are required to determine whether FEAT has enzy-
matic activities [4]. Gene expression profiling suggested that 
FEAT could drive receptor tyrosine kinase and Hedgehog 

signaling pathways and inhibit cell apoptosis [4]. In diffuse 
large B-cell lymphoma, hypermethylation and low expres-
sion of the METTL13 gene encoding FEAT was detected 
in cell lines resistant to temozolomide, but not in cell lines 
sensitive to temozolomide [10]. These studies indicate that 
FEAT protein is an antiapoptotic protein and further suggest 
that FEAT might affect the formation and development of 
tumors and drug sensitivity through a molecular biological 
mechanism. Other studies showed that the METTL13 gene 
was associated with mental and psychological illness. A sin-
gle nucleotide polymorphism in the human METTL13 gene 
was related to increased susceptibility to postpartum mood 
syndrome [11]. CpG-island microarray analyses of frontal 
cortex tissues revealed increased DNA methylation close 

Table 4. Univariate and multivariate Cox regression analyses of potential factors for DFS in breast cancer patients 

Univariate analysis Multivariate analysis

P Exp(B) 95%CI P Exp(B) 95%CI
Age (years)

<50 0.233 0.736 0.444-1.218
≥50 1

Tumor grade 0.304
Grade I 0.675 0.815 0.314-2.119
Grade II 0.123 0.664 0.395-1.117
Grade III 1

Tumor size
≤2cm 0.003 0.463 0.279-0.770 0.038 0.576 0.342-0.969
>2cm 1 1

Lymph node metastasis
negative 0.000 0.285 0.164-0.496 0.000 0.264 0.150-0.462
positive 1 1

ER
negative 0.009 1.959 1.182-3.247 0.012 1.928 1.157-3.214
positive 1 1

PR
negative 0.284 1.313 0.798-2.162
positive 1

HER2
negative 0.227 0.704 0.398-1.244
positive 1

Ki67 index
<14% 0.109 0.575 0.292-1.131
≥14% 1

FEAT expression
low 0.007 0.453 0.256-0.802 0.015 0.483 0.269-0.868
high 1 1

Molecular subtype 0.075
Luminal A 1
Luminal B 0.323 1.439 0.699-2.965
HER2 overexpression 0.016 3.022 1.225-7.455
Tripe negative 0.085 2.020 0.907-4.500
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to the METTL13 gene among female patients with bipolar 
disorder and psychosis [12].

Breast cancer is the second most common human tumor 
overall and the most frequent cancer in female individuals 
[13]. Breast cancer involves multiple signaling pathways and 
displays distinct molecular characteristics [14]. Therapeutic 
options for breast cancer and patient survival have improved 
significantly with increased understanding of the molecular 
characteristics of the disease and the emergence of personal-
ized treatment. ER, PR, and HER2 affect the formation and 
development of breast cancer, and are also prognostic factors 
[15]. The Ki67 index, as a  nuclear proliferation marker, is 
associated with proliferation ability and prognosis, and also 
predicts therapy outcomes in breast cancer [16-19]. Subtyp-
ing on the basis of molecular expression plays an important 
role in the treatment and prognosis of breast cancer [20]. 

Further exploration of the molecular characteristics of breast 
cancer will lead to better understanding of breast cancer 
and guide personalized treatment. On the basis of previous 
research, this study analyzed the correlation of FEAT protein 
with clinicopathologic characteristics of breast cancer. Our 
results demonstrated that the expression of FEAT protein was 
significantly higher in breast cancer tissues than in normal 
breast tissues. In addition, higher FEAT protein expression 
was associated with larger tumors and a higher Ki67 index. 
The expression of FEAT protein was associated with PR sta-
tus, HER2 expression, and molecular subtype. Expression of 
FEAT was upregulated in breast cancer tissues with negative 
PR and positive HER2 status. Furthermore, FEAT expression 
was higher in ER-negative breast cancer than in ER-positive 
breast cancer, but without significance. Although a correlation 
clearly exists between FEAT and these receptors, further mo-

Table 5. Univariate and multivariate Cox regression analyses of potential factors for OS in breast cancer patients 

Univariate analysis Multivariate analysis

P Exp(B) 95%CI P Exp(B) 95%CI
Age (years)

<50 0.613 1.134 0.697-1.845
≥50 1

Tumor grade 0.089
Grade I 0.270 0.555 0.195-1.580
Grade II 0.034 0.580 0.350-0.960
Grade III 1

Tumor size
≤2cm 0.000 0.393 0.236-0.655 0.027 0.545 0.317-0.934
>2cm 1 1

Lymph node metastasis
negative 0.000 0.333 0.196-0.566 0.000 0.326 0.187-0.567
positive 1 1

ER
negative 0.007 1.975 1.201-3.247 0.996 0.996 0.286-3.476
positive 1 1

PR
negative 0.010 1.901 1.166-3.099 0.666 1.175 0.565-2.444
positive 1 1

HER2
negative 0.069 0.602 0.348-1.040
positive 1

Ki67 index
<14% 0.023 0.442 0.218-0.893 0.023 0.383 0.167-0.878
≥14% 1 1

FEAT expression
low 0.006 0.454 0.258-0.799 0.098 0.602 0.330-1.098
high 1 1

Molecular subtype 0.024 0.022
Luminal A 1 1
Luminal B 0.098 1.872 0.891-3.935 0.419 1.367 0.640-2.919
HER2 overexpression 0.006 3.625 1.435-9.155 0.018 3.110 1.217-7.945
Tripe negative 0.013 2.822 1.245-6.395 0.023 2.609 1.139-5.978
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lecular biology experiments are required to confirm whether 
they regulate each other. Receptor status has great value for 
guiding the treatment of breast cancer as breast cancer pa-
tients with positive hormone receptor status can benefit from 
endocrine therapy. Anti-HER2 treatment is a good choice for 
breast cancer with positive HER2. In contrast, patients with 
triple-negative breast cancer cannot receive endocrine therapy 
or anti-HER2 treatment, and HER2 overexpressing breast 
cancer is not usually suitable for endocrine therapy. As a result, 
prognosis is typically poor in patients with triple-negative or 
HER2 overexpressing breast cancer. Our data showed that 
FEAT protein expression was high in more than two-thirds 
of these patients (Table 1), suggesting that the development 
of therapy targeting FEAT might benefit the treatment of 
these patients.

Larger tumor size, PR-negative, ER-negative, HER2-positive, 
and a higher Ki67 index predict recurrence and poor prognosis 
for patients with breast cancer [15,19]. As FEAT expression 
correlates with these standard indicators, FEAT should be 
another prognostic factor for breast cancer. To investigate 
this, we performed further survival analysis. Consistent with 
other studies [18, 21-23], we showed that tumor size, lymph 
node metastasis, Ki67 index, and molecular subtype were in-
dependent prognostic factors for breast cancer. In our study, 
high FEAT expression indicated low DFS and OS rates. In ad-
dition, high FEAT expression was an independent prognostic 
factor for recurrence, thus breast cancer patients with high 
FEAT expression have a high risk of recurrence. Some breast 
cancer patients that are considered as low recurrence risk ac-
cording to current definitions may actually be at a high risk of 
recurrence if they have high FEAT expression. Although high 
FEAT expression is an independent risk factor for recurrence 
in breast cancer, it is not an independent prognosis factor. 
Thus, although high FEAT expression is helpful to predict the 
recurrence and metastasis of breast cancer, it does not affect the 
survival of patients. Similarly, the clinicopathologic significance 
of other parameters is different between DFS and OS in our 
study. Tumor size, lymph node metastasis, ER status and FEAT 
expression levels are independent prognostic factors for recur-
rence, while tumor size, lymph node metastasis, Ki67 index, 
and molecular subtype are independent prognostic factors for 
survival. The difference might be caused by drug sensitivity 
because OS is more susceptible to anticancer therapy than 
DFS. Tumor size and lymph node metastasis usually have no 
impact on drug sensitivity, so both of these parameters are in-
dependent prognostic factors for recurrence and survival. ER, 
FEAT, Ki67 and molecular subtype as molecular markers can 
change drug sensitivity [10,16,19,24], and might result in the 
difference. Although under-expressed METTL13 gene relates 
to temozolomide resistance in lymphoma cell lines[10], the 
impact of FEAT on drug resistance in breast cancer remains 
to be verified.

In conclusion, this study demonstrates that FEAT expres-
sion in the cytoplasm is higher in breast cancer tissues than 
in normal breast tissues, implicating FEAT as a potential bi-

omarker of breast cancer. In addition, high FEAT expression 
is associated with a large tumor, negative PR, positive HER2, 
high Ki67 index, and molecular subtype. This study also shows 
that high FEAT expression is a biomarker of early recurrence 
in breast cancer. However, further studies are necessary to 
confirm whether FEAT can be used as a biomarker for the 
diagnosis and treatment of tumors. Similarly, its molecular 
biological function, related signal regulation pathways, and 
enzyme activity should be elucidated.
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