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Introduction: Triple-negative breast 
cancer (TNBC) is a  markedly aggres-
sive molecular subtype of breast can-
cer; there is an urgent need to clarify 
the molecular mechanisms underlying 
the progression and metastases of 
BLBC, in order to find a novel targeted 
therapy. Microfibrillar-associated pro-
tein 5 (MFAP5) plays an essential role 
in the regulation of cell behaviour and 
survival. Integral membrane protein 
2A (ITM2A) is a type II transmembrane 
protein, which is a member of a family 
of autophagy related proteins.
The aim of this study was to assess 
the expression of MFAP5 and ITM2A 
proteins in tissues of BLBC using im-
munohistochemistry, in order to cor-
relate the expression with clinicopath-
ological and prognostic parameters of 
such aggressive cancer.
Material and methods: The present 
study included sections from archived 
paraffin blocks retrieved from 120 
patients with TNBC. We collected 
cases from three years, i.e. from 2016 
to 2019. We assessed expression of 
MFAP5 and ITM2A using immunohis-
tochemistry.
Results: High expression of MFAP5 and 
low expression of ITM2A was associat-
ed with advanced stage (p = 0.007), 
higher grade of tumour (p = 0.005  
and p = 0.004, respectively), the pres-
ence of lymph nodes metastases 
(p < 0.001 and p = 0.002, respectively), 
lower three-year RFS rate (p < 0.001 
and p = 0.016, respectively), and lower 
three-year OS rate (p < 0.001).
Conclusions: MFAP5 and ITM2A 
are novel prognostic biomarkers for 
breast cancer and might be consid-
ered as promising therapeutic targets 
for patients with breast cancer, partic-
ularly TNBC molecular subtype, in the 
future.

Key words: MFAP5, ITM2A, triple-neg-
ative breast cancer, prognosis, immu-
nohistochemistry.
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Introduction

Triple-negative breast cancer (TNBC) is an aggressive molecular subtype 
of breast cancer and is characterised by negative oestrogen receptor (OR), 
progesterone receptor (PR), and HER2-neu [1]. It has an aggressive behaviour 
and unfavourable prognostic criteria such as high grade, early brain and lung 
metastasis, dismal outcome, and unfavourable survival rates [2]. There is 
still no specific targeted therapy for TNBC, and it is even chemo-resistant 
[3]. Hence, there is an urgent need to clarify the molecular mechanisms un-
derlying the progression and metastases of BLBC, in order to detect novel 
targeted therapies. The promoting factors of the epithelial–mesenchymal 
transition (EMT) process were found to be negative prognostic factors in 
cancer of the breast [4]. There are many factors that control the EMT process 
and cancer progression. There is a plethora of signalling pathways that are 
incriminated in the activation of EMT [5]. Microfibrillar-associated protein 5 
(MFAP5) is a protein with multiple functions, which plays an essential role 
in the regulation of cell behaviour and survival [1]. MFAP5 is one of the ex-
pressed genes in most human malignancies; a few studies have clarified its 
function [6]. Evaluation of MFAP5 expression in malignant epithelial cells is 
detailed in only a few studies [7]. Autophagy is a stress-related process that 
degrades dangerous cytosolic components, and it is characterised by phago-
phore formation. It was found that factors enhancing autophagy could con-
trol cancer progression [8]. Integral membrane protein 2A (ITM2A) is a type II 
transmembrane protein, which is one of the autophagy related proteins, and 
its role in breast cancer, particularly TNBC, remains uncertain [9]. 

The aim of the present study was to assess the expression of MFAP5 and 
ITM2A proteins in tissues of TNBC using immunohistochemistry, to correlate 
the expression with clinicopathological and prognostic parameters of such 
an aggressive cancer, and to show the relationship between EMT and auto-
phagy in breast cancer progression and metastasis.

Material and methods

The present study is a  retrospective study that included sections from 
archived paraffin blocks retrieved from 120 patients with TNBC. We col-
lected cases during three years, from December 2016 to December 2019, 
from Zagazig University hospitals and other private surgical hospitals. We  
obtained approval from the local Ethics Committee of ZU institutional board 
for performance of the study. Patients signed a written informed consent 
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form to be included in the study. For all patients ER, PR, 
Her2-neu, and Ki-67 labelling index were assessed. We 
recorded all clinicopathological and follow-up data from 
patients’ files. Staging of samples derived from included 
cases was done using the 7th edition of the TNM staging 
system [10]. Grading of cases was done according to the 
grading criteria of Elston and Ellis [11]. 

For immunohistochemistry staining we used primary 
rabbit poly clonal anti-MFAP5 antibody (catalogue number; 
MBS9204084) and primary rabbit poly clonal anti-ITM2A 
antibody (catalogue number; ab203620) at 1 : 50 dilution.

Inclusion criteria: Samples derived from patients 
with TNBC who showed negative expression of ER, PR, 
and Her2neu and have full histopathological and fol-
low-up data.

Exclusion criteria: Paraffin blocks with insufficient 
samples, patients with incomplete clinicopathological 
or follow-up data, and patients with positive ER, PR, and  
Her2neu expression.

We assessed nuclear expression of MFAP5 and cyto-
plasmic expression of ITM2A in malignant epithelial cells 
semiquantitively, giving the stain intensity scores: 0, 1, 
2, and 3 – representing: negative, weak, moderate, and 
strong stain, respectively, and giving the stain extent in the 
tumour cells scores: 0, 1, 2, 3, and 4 – representing: 0%, 
from 1 to 25%, from 26–50%, from 51–75%, and more than 
75%, respectively [9].

We multiplied scores of intensity and extent to reach 
the final stain score from 0–12, then finally the stain was 
divided into low and high according to the cut-off point 
of 4; this cut-off point value was used to divide results 
into low and high results to allow easy and clear statistical 
analysis of values.

We used sections from skeletal muscles and normal 
colon mucosa as positive controls for MFAP5 and ITM2A, 
respectively.

Patients clinicopathological data, such as age and sex 
of patients, tumour size, grade, stage, and the presence 
of lymph node metastases and distant metastases, and 
follow-up data such as disease progression, recurrence, 
response to chemotherapy, and survival rates, were retro-
spectively collected, recorded, tabulated, and statistically 
analysed to correlate between MFAP5 and ITM2A expres-
sion and the data.

Statistical analysis

We performed statistical analysis using SPSS 22.0 
(SPSS Inc., Chicago, IL, USA).

We determined continuous variables as mean ±SD, and 
we have checked them for normality by using the Shap-
iro-Wilk test. We determined categorical variables as num-
bers and percentages. We used the Mann-Whitney U test 
to allow easy comparison between non-normally distribut-
ed variables, while the χ2 test was used to compare trends 
of changes in frequencies of ordinal data. Stratification 
and correlation of rates of OS and RFS rates with the im-
munohistochemical markers were made by Kaplan-Meier 
curve analysis. 

Results

MFAP5 expression and its relationship with pathologi-
cal findings which were found in samples retrieved from 
included cases are shown in Table 1 and Figure 1. MFAP5 
tissue expression in TNBC cells was positively correlated 
with age of patients, presence of lymph node metasta-
ses (p < 0.001), larger tumour size (p = 0.004), and higher 
stage (p = 0.007) and higher grade of tumour (p = 0.005).

ITM2A expression and its relationship with pathologi-
cal findings which were found in samples retrieved from 
included cases are shown in Table 2 and Figure 2. Because 
we did not correlate malignant tissue with non-neoplas-
tic breast tissue, down-regulation of ITM2A expression in 
TNBC was found – its expression was decreased in higher 
grade than in lower grade tumour and areas of intra-duc-
tal carcinoma, reaching negative results in high-grade 
tumours. ITM2A tissue expression in TNBC cells was neg-
atively correlated with the age of patients (p = 0.009), 
presence of lymph node metastases (p = 0.002), larger 
tumour size (p = 0.006), and higher stage (p = 0.007) and 
higher grade of tumour (p = 0.004).

We found an inverse relationship between expres-
sion of both MFAP5 and ITM2A in TNBC tumour cells  
(r = – 0.640; p = 0.002) (Fig. 3).

Patient outcomes, follow-up, and survival data results 
are shown in Table 3 and 4 and in Figure 4 and 5. 

Recurrence-free survival rate (RFS) and overall survival 
rate (OS) for all patients were 83.6% and 60.8%, respec-
tively. We assessed the recurrence of the disease and the 
RFS rate only in patients who had complete response to 
treatment.

In patients underwent chemotherapy, low MFAP5 ex-
pression and high ITIM2A expression was positively asso-
ciated with good response to chemotherapy. High MFAP5 
expression and low ITM2A expression was associated with 
recurrence of tumour and disease progression (p = 0.002 
and 0.007, respectively). High MFAP5 expression and low 
ITM2A expression was associated with a  low three-year 
RFS rate (p = 0.001 and 0.016, respectively). High MFAP5 
expression and low ITM2A expression was associated with 
a low three-year OS rate (p < 0.001).

Discussion

TNBC, which is a molecular subtype of breast cancer, has 
aggressive behaviour, no targeted therapy, and high inci-
dence of disease progression and development of metasta-
ses; hence, it needs further evaluation and new studies to 
detect novel prognostic markers and targeted therapy to im-
prove its outcome [1]. EMT initiation and activation in tumour 
cells is thought to be responsible for starting and maintaining 
the metastatic program [12]. Studying biomarkers that play 
a role in EMT might lead to the detection of novel biomarkers 
that could help to improve the prognosis of TNBC.

MFAP5 gene expression was previously found to be 
associated with poor outcome of many tumours through 
activation of signalling pathways that are responsible for 
EMT induction and maintenance in tumour cells, but its 
tissue protein expression by immunohistochemistry in ep-
ithelial cells is not fully detailed.
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We found that MFAP5 tissue expression in TNBC cells 
was associated with unfavourable pathological data and 
dismal outcome, similarly to previous studies [1, 13–15].

Wu et al. [1] showed that MFAP5 played essential roles 
in TNBC occurrence, invasion, and progression and that 
its up-regulation is associated with advanced TNM stag-
ing and higher incidence of metastases to axillary lymph 

nodes. Moreover, Wu et al. [15] revealed that MFAP5 mRNA 
levels were markedly up-regulated.

There are many studies showing that MFAP5 up-regu-
lation is related to progression of many tumours and poor 
prognosis [13–16]. Our study might help in clarifying the 
mechanisms by which overexpression of MFAP5 in TNBC 
leads to its progression. 

Table 1. Association between clinicopathological findings and MFAP5 in included triple-negative breast cancer patients

Characteristics All (n = 120) MFAP5 p-value MFAP5 (%) p-value

Low
(n = 46)

High
(n = 74)

Mean ±SD Median (range)

n (%) n (%) n (%)

Age (years)

Mean ±SD 56.23 ±10.99 49.91 ±8.72 60.16 ±10.50 < 0.001a

Median (range) 56 (39–87) 45 (39–67) 60 (40–87)

≤ 50 years 46 (38.3) 30 (65.2) 16 (21.6) 0.001b 20.21 ±20.62 12 (0–56) < 0.001a

> 50 years 74 (61.7) 16 (34.8) 58 (78.4) 62.97 ±28.18 75 (0–97)

Size (cm)

Mean ±SD 6.33 ±3.59 4.04 ±2.71 7.75 ±3.34 < 0.001a

Median (range) 7 (1–13) 4 (1–9) 8 (1.5–13)

< 5 cm 48 (40) 30 (65.2) 18 (24.3) 0.004b 20.79 ±20.37 12 (0–56) < 0.001a

≥ 5 cm 72 (60) 16 (34.8) 56 (75.7) 63.77 ±28.15 76.50 (0–97)

Grade

Grade I 20 (16.7) 14 (30.4) 6 (8.1) 0.005b 15.20 ±20.61 0 (0–45) < 0.001a

Grade II 30 (25) 18 (39.1) 12 (16.2) 24.46 ±19.28 20 (0–56)

Grade III 70 (58.3) 14 (30.4) 56 (75.7) 65.02 ±27.53 78 (0–97)

Lymph node

Negative 38 (31.7) 38 (82.6) 0 (0) < 0.001b 9.52 ±9.23 10 (0–22) < 0.001a

Positive 82 (68.3) 8 (17.4) 74 (100) 63.75 ±24.58 60 (0–97)

T

T1 26 (21.7) 18 (39.1) 8 (10.8) 0.003b 16.84 ±18.20 11 (0–50) < 0.001a

T2 22 (18.3) 12 (26.1) 10 (13.5) 25.45 ±22.64 22 (0–56)

T3 44 (36.7) 16 (34.8) 28 (37.8) 49.54 ±27.38 52 (0–95)

T4 28 (23.3) 0 (0) 28 (37.8) 86.14 ±6.45 87 (75–97)

N

N0 38 (31.7) 38 (82.6) 0 (0) 0.003b 9.52 ±9.23 10 (0–22) < 0.001a

N1 14 (11.7) 4 (8.7) 10 (13.5) 34 ±18.43 34 (0–50)

N2 42 (35) 2 (4.3) 40 (54.1) 64.33 ±20.86 60 (24–95)

N3 26 (21.7) 2 (4.3) 24 (32.4) 78.84 ±18.84 80 (24–97)

Stage

Stage I 18 (15) 18 (39.1) 0 (0) 0.007b 6.11 ±5.84 10 (0–12) < 0.001a

Stage II 28 (23.3) 20 (43.5) 8 (10.8) 20.71 ±16.87 21 (0–50)

Stage III 42 (35) 8 (17.4) 34 (45.6) 49.95 ±20.15 50 (0–80)

Stage IV 32 (26.7) 0 (0) 32 (43.2) 87.56 ±6.21 89.50 (80–97)

ITM2A

Mean ±SD 40 ±33.94 68.26 ±25.16 22.43 ±25.96 < 0.001a

Median (range) 25 (0–90) 80 (0–90) 20 (0–90)

Low 64 (53.3) 0 (0) 64 (86.5) < 0.001b 72.75 ±18.13 80 (40–97) < 0.001a

High 56 (46.7) 46 (100) 10 (13.5) 16.67 ±15.81 16 (0–50)
a Mann-Whitney U test, b χ2 test 
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Table 2. Association between clinicopathological findings and ITM2A in included triple-negative breast cancer patients

Characteristics All (n = 120) ITM2A p-value ITM2A (%) p-value

Low (n = 64) High (n = 56) Mean ±SD Median (range)

n (%) n (%) n (%)

Age (years)

Mean ±SD 56.23 ±10.99 61.28 ±10.77 50.46 ±8.14 < 0.001a

Median (range) 56 (39–87) 60 (40–87) 49 (39–67)

≤ 50 years 46 (38.3) 10 (15.6) 18 (64.3) 0.009b 67.82 ±24.57 80 (20–90) < 0.001a

> 50 years 74 (61.7) 54 (84.4) 10 (35.7) 22.70 ±26.77 15 (0–90)

Size (cm)

Mean ±SD 6.33 ±3.59 8.50 ±2.70 3.85 ±2.82 < 0.001a

Median (range) 7 (1–13) 9 (3–13) 3 (1–9)

< 5 cm 48 (40) 10 (15.6) 19 (67.9) 0.006b 68.75 ±24.46 80 (20–90) < 0.001a

≥ 5 cm 72 (60) 54 (84.4) 9 (32.1) 20.83 ±24.58 15 (0–80)

Grade

Grade I 20 (16.7) 6 (9.4) 7 (25) 0.004b 59 ±25.47 70 (20–80) < 0.001a

Grade II 30 (25) 4 (6.3) 13 (46.4) 76 ±21.23 80 (25–90)

Grade III 70 (58.3) 54 (84.4) 8 (28.6) 19.14 ±22.72 15 (0–80)

Lymph node

Negative 38 (31.7) 0 (0) 19 (67.9) 0.002b 78.42 ±7.64 80 (60–90) < 0.001a

Positive 82 (68.3) 64 (100) 9 (32.1) 22.19 ±25.43 20 (0–90)

T

T1 26 (21.7) 0 (0) 13 (46.4) < 0.001b 82.30 ±4.38 80 (80–90) < 0.001a

T2 22 (18.3) 10 (15.6) 6 (21.4) 52.72 ±28.84 60 (20–90)

T3 44 (36.7) 26 (40.6) 9 (32.1) 29.95 ±27.21 23 (0–80)

T4 28 (23.3) 28 (43.8) 0 (0) 6.50 ±8.33 0 (0–24)

N

N0 38 (31.7) 0 (0) 19 (67.9) 0.005b 78.42 ±7.64 80 (60–90) < 0.001a

N1 14 (11.7) 0 (0) 7 (25) 70 ±21.60 80 (40–90)

N2 42 (35) 40 (62.5) 1 (3.6) 16.14 ±10.18 20 (0–25)

N3 26 (21.7) 24 (37.5) 1 (3.6) 6.23 ±8.81 0 (0–22)

Stage

Stage I 18 (15) 0 (0) 9 (32.1) 0.007b 81.11 ±3.33 80 (80–90) < 0.001a

Stage II 28 (23.3) 0 (0) 14 (50) 78.57 ±9.49 80 (60–90)

Stage III 42 (35) 32 (50) 5 (17.9) 21.85 ±16.49 24 (0–70)

Stage IV 32 (26.7) 32 (50) 0 (0) 6.93 ±7.46 5 (0–20)
a Mann-Whitney U test

Fig. 1. Nuclear expression of MFAP5: (A) high expression in cells of triple-negative breast cancer (TNBC); high grade, stage IV ×400, (B) low 
nuclear expression in intra-ductal carcinoma ×400
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MFAP5 leads to activation of Notch and TGF-β signalling 
pathways, which lead to induction and promotion of EMT, 
which in turn lead to an aggressive course and progression 
of tumour cells to invasion and metastasis [1].

Our results confirm previous results about expression 
of MFAP5 [17] and activation of Notch pathway, which 
means that targets against such a gene may lead to block-
ing the Notch pathway and stopping tumour progression, 
which might improve the prognosis of BLBC.

MFAP5 leads to tumour progression by increasing ex-
pression of mesenchymal markers, such as N-cadherin, 
and by decreasing E-cadherin levels in cells of TNBC that 
promote EMT. This denotes that MFAP5 induces EMT in 
TNBC cells. Additionally, MFAP5 promoted activation of 
Smad and the Notch signalling pathway downstream 
signals, and that inhibition of Notch signalling pathway 
through down-regulation of MFAP5 leads to inhibition of 
EMT and tumour progression [1].

It was found that inhibitors of Notch and TGF-β signal-
ling pathways leads to blocking of MFAP5-mediated inva-
sion, migration, and proliferation of tumour cells. 

We proved the results of Wu et al. [1] regarding the as-
sociation between MFAP5 and EMT activation, but all the 
mechanisms of action of MFAP5 remain unknown. Hence, 
we assessed the expression of another marker, i.e. ITM2A, 
which was found to be associated with autophagy induc-
tion because we hypothesised that there could be a rela-
tionship between MFAP5 expression and autophagy con-
trol in TNBC tumour cells.

ITM2A was recently described to have cancer sup-
pressor function in many epithelial cancers [18], but its 
role in autophagy and cancer progression has not been 
established in TNBC. In the current study we found that 
the expression of ITM2A is markedly reduced in malignant 
tissue, and its expression is associated with favourable pa-
rameters. Moreover, ITM2A was inversely associated with 

Fig. 2. Cytoplasmic expression of ITM2A: (A) high expression in 
intra-ducal carcinoma ×400, (B) high expression in low-grade tri-
ple-negative breast cancer TNBC stage II ×400, (C) low expression in 
high-grade triple-negative breast cancer TNBC, stage IV ×400

Fig. 3. Scatter plot with regression line shows a significant strong 
inverse correlation between MFAP5 and ITM2A
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MFAP5, which is associated with induction of EMT, which 
denotes the inverse association between autophagy and 
EMT in TNBC.

Similar results were detected by Zhou et al. [9], who 
showed that the levels of ITM2A mRNA level were marked-
ly down-regulated in tissues of breast cancer in compari-
son with levels in non-neoplastic tissues. 

Moreover, the results of Zhou et al. [9] were in line 
with ours, confirming that expression of ITM2A inhibited 
growth of breast cancer cells. ITM2A expression was in-

versely associated with advanced age, advanced stage, 
and basal like phenotype, so it might help in the prediction 
of chemotherapy response [19]. 

Autophagy dysfunction was found in many cancers, 
which might lead to progression or suppression of onco-
genesis according to the type of the tumour [20]. Activa-
tion of autophagy was found in actively growing tumours 
in sites of nutrient deprivation and hypoxia that need-
ed autophagy for tumour growth, such as cancer of the  
pancreas [21]. 

Table 3. Association between clinicopathological features, MFAP5, ITM2A, and survival in included triple-negative breast cancer patients

Characteristics All
(n = 120)

Recurrence-free survival p-value Overall survival p-value

Median RFS 
(months)

3-year RFS 
(%)

Median OS
(months)

3-year OS (%)

All patients n (%) NR 83.6 NR 60.8

Age (years)

≤ 50 years 46 (38.3) NR 91.3 0.119* NR 91.3 < 0.001*

> 50 years 74 (61.7) NR 75 24 41.1

Size (cm)

< 5 cm 48 (40) NR 91.7 0.087* NR 91.7 < 0.001*

≥ 5 cm 72 (60) NR 73.7 24 39.4

Grade

Grade I 20 (16.7) NR 100 0.139* NR 100 < 0.001*

Grade II 30 (25) NR 86.7 NR 86.7

Grade III 70 (58.3) NR 72.2 24 37.6

Lymph node

Negative 38 (31.7) NR 100 0.010* NR 100 < 0.001*

Positive 82 (68.3) NR 70.4 27 41.6

T

T1 26 (21.7) NR 84.6 0.028* NR 84.6 < 0.001*

T2 22 (18.3) NR 100 NR 100

T3 44 (36.7) NR 77.8 NR 62

T4 28 (23.3) 20 0 17 0

N

N0 38 (31.7) NR 100 0.006* NR 100 < 0.001*

N1 14 (11.7) NR 71.4 NR 71.4

N2 42 (35) NR 78.6 28 45.4

N3 26 (21.7) 20 33.3 17 20.5

Stage

Stage I 18 (15) NR 100 0.226* NR 100 < 0.001*

Stage II 28 (23.3) NR 85.7 NR 85.7

Stage III 24 (35) NR 75 NR 66.7

Stage IV 32 (26.7) – – 17.5 0

MFAP5

Low 46 (38.3) NR 100 0.001* NR 100 < 0.001*

High 74 (61.7) NR 64.3 48 34.8

ITM2A

Low 64 (53.3) NR 66.7 0.016* 48 31.3 < 0.001*

High 56 (46.7) NR 92.9 NR 92.9

Categorical variables were expressed as number (percentage), NR – denotes not reached yet, * log-rank test, p < 0.05 is significant
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Hence, pharmacological or genetic autophagy inhibi-
tion leads to increased levels of reactive oxygen species 
and increased DNA damage, which in turn leads to the reg-
ulation of cell proliferation and survival [22]. 

In the current study we clarified the tumour suppres-
sor function of autophagy and the association between 
up-regulation of ITM2A and prevention of TNBC progres-
sion, which was in line with [23, 24], and we associated its 
role in inhibition of EMT.

Conclusions

We assessed the expression of two novel biomarkers 
with different mechanisms of action, i.e. EMT induction 
and autophagy induction, in a specific molecular subtype 
of breast cancer (TNBC), and we concluded that EMT in-
duction, which is denoted by MFAP5 up-regulation, was 

associated with poor clinicopathological parameters, dis-
ease progression, and unfavourable survival rates, while 
autophagy induction denoted by high ITM2A expression 
was associated with favourable clinicopathological param-
eters, lower incidence of disease progression, and favour-
able survival rates. Hence, we highlighted the possibility of 
the presence of a biological role of EMT and autophagy in 
controlling TNBC progression. Proving our results requires 
further studies to allow the discovery of novel, promising 
therapeutic targets for patients with breast cancer, partic-
ularly the TNBC molecular subtype, in the future.

Strengths of the study

Assessment of expression of novel markers in a  large 
number of cases of breast cancer with a specific aggres-
sive molecular subtype – TNBC.

Table 4. Association between MFAP5, ITM2A expression, disease recurrence, distant metastases, and survival rates in included triple-negative 
breast cancer patients

Characteristics All (n = 120) Local recurrence p-value Distant metastasis p-value Survival p-value

No
(n = 74)

Yes
(n = 14)

No
(n = 88)

Yes
(n = 32)

Alive
(n = 74)

Died
(n = 46)

MFAP5

Mean ±SD 46.58 ±32.90 25.02 ±20.63 66.85 ±13.19 < 0.001a 31.68 ±24.90 87.56 ±6.21 < 0.001a 26.10 ±22.90 79.52 ±14.37 < 0.001a

Median (range) 47.50 (0–97) 22 (0–60) 75 (50–80) 24 (0–80) 89.5 (80–97) 22 (0–80) 80 (50–97)

Low, n (%) 46 (38.3) 46 (100) 0 (0) 0.003b 46 (100) 0 (0) < 0.001b 23 (100) 0 (0) < 0.001b

High, n (%) 74 (61.7) 28 (66.7) 14 (33.3) 21 (56.8) 16 (43.2) 14 (37.8) 46 (62.2)

ITM2A

Mean ±SD 40 ±33.94 54.18 ±31.89 40.57 ±20.49 0.221a 52.02 ±31.73 6.93 ±7.46 < 0.001a 53.70 ±32.40 17.95 ±23.41 < 0.001a

Median (range) 25 (0–90) 70 (0–90) 23 (22–90) 70 (0–90) 5 (0–20) 70 (0–90) 12 (0–90)

Low, n (%) 64 (53.3) 22 (68.8) 10 (31.3) 0.035b 32 (50) 32 (50) < 0.001b 22 (34.4) 42 (65.6) < 0.001b

High, n (%) 56 (46.7) 52 (92.9) 4 (7.1) 56 (100) 0 (0) 52 (92.9) 4 (7.1)
a Mann-Whitney U test, b χ2 test or χ2 test for trend, p < 0.05 is significant

Fig. 4. Kaplan-Meier curve of local recurrence-free survival rate of the included triple-negative breast cancer patients: (A) stratified according 
to MFAP5 (B) stratified according to ITM2A
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Limitations of the study 

Evaluation of the biomarkers using only a single meth-
od of assessment, i.e. immunohistochemistry, its retro-
spective nature, and the follow-up, i.e. only three years.

Recommendations

We recommend the assessment of MFAP5 and ITM2A 
expression in a large multicentre study includeing a large 
number of patients with a  longer period of follow-up 
and using other methods of evaluation, such as genetic 
methods.

The authors declare no conflict of interest.
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