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High formin binding protein 17 
(FBP17) expression indicates poor 
differentiation and invasiveness 
of ductal carcinomas
Prabhat Suman1,4, Sarthak Mishra1,2,4 & Harish Chander  1,3*

Formin binding protein 17 (FBP17) belongs to Cdc-42 interacting protein 4 subfamily of F-BAR 
proteins. Recently, we had reported that FBP17 was overexpressed in invasive breast cancer cells 
and interacts with the actin regulatory proteins. We also reported that FBP17 promotes invadopodia 
formation and enhances extracellular matrix degradation. The current study determines FBP17 
expression in invasive ductal carcinomas (IDCs) using breast cancer tissue microarrays (TMAs) (82 
IDCs with variable receptor status and 8 Normal adjacent tissues) and its correlation with the clinico-
pathological features. Immunohistochemistry of human breast cancer TMAs showed the significant 
elevation in the levels of FBP17 in breast cancer tissues than the normal (p ≤ 0.0001). Interestingly, 
FBP17 had a higher expression in invasive molecular subtypes HER2 and TNBC (p ≤ 0.05). Similarly, 
tumors with lymph node positive status showed elevated FBP17 expression in HER2 and TNBC 
subtypes (p ≤ 0.05). Surprisingly, grade 3 tumors demonstrated higher FBP17 expression (p ≤ 0.01) 
indicating its role in poorly differentiated tumors. Together, the data demonstrates the overexpression 
of FBP17 in invasive and poorly differentiated tumors. Understanding the role of FBP17 in poor 
differentiation and invasion of tumors in molecular subtypes at various level might represent as a 
potential molecular target against the disease.
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Invasive ductal carcinomas (IDCs) are heterogeneous and categorized into various molecular subtypes that 
differ in the risk of invasion and metastasis1,2. Invasive phenotypes of breast cancer correlates with the change 
in cell shape and failure in the actin cytoskeleton organization leading to the formation of numerous metastatic 
supporting specialized structures like invadopodia, etc.,3-6. Fer/cip-bin amphiphysin RVS (F-BAR) proteins play 
a major role in the process of changes in cytoskeleton and invadopodia formation. Members of CIP4 family 
particularly Transducer of cdc-42 dependent actin assembly protein 1 (TOCA-1), Cdc-42 interacting protein 
4 (CIP4), Formin Binding protein 17 (FBP17) have been studied previously and were found to contribute in 
promoting invadopodia formation and tumor metastasis4,5,7,8. Previously we and others described the function of 
CIP4 family members in invadopodia formation and showed them as an important component of invadopodia5. 
Subsequently, we also showed the expression of Toca-1 in breast cancer tissues and demonstrated its high expres-
sion in invasive breast cancer subtype5,8. FBP17 along with CIP4 and TOCA-1 regulate endocytosis by inducing 
F-actin polymerization thus promoting vesicle motility and membrane scission. These members were found to 
potently activate the actin polymerization9-14. Toca-1 and CIP4 have been shown to be overexpressed in breast 
cancers and play a significant role in the invasion of cancer cells,3,5-8,14. FBP17 contributes in the formation of 
podosomes and phagocytic cups required for the migration of macrophages, by recruiting WASP, WASP-inter-
acting protein (WIP), and dynamin-215. Studies regarding role of FBP17 in the process of invasion are limited. 
Previously, FBP17 have been shown to play a critical role in the invasion of bladder cancer cells16 and we have 
described FBP17 as an component of invadopodia in breast cancer cells4,16.

Regarding the role of FBP17 in breast cancer invasion, previously our findings showed a significant higher 
expression of FBP17 in invasive breast cancer cells. We also demonstrated that FBP17 interacts with actin regula-
tory proteins and enhances invasion of breast cancer cells4. The current investigation determined the expression 
of FBP17 in invasive ductal carcinomas. In order to assess the correlation between the expression of FBP17 
in IDCs with its clinicopathological features, we have investigated FBP17 staining in a series of breast cancer 
tissues by immunohistochemistry (IHC). In this study, we established that FBP17 express at a higher level in 
invasive ductal carcinomas as compared to the normal tissues. We also show here the contribution of FBP17 
being a proinvasive protein, expressed significantly at a higher level in invasive phenotypes such as HER2 and 
TNBC. The correlation of expression of FBP17 with lymph node status of tumors as well as histological grade was 
established. We found that FBP17 is overexpressed in lymph node positive cases of HER2 and TNBC subtypes. 
Further analysis of FBP17 expression showed its association with high-grade tumors. Taken together, these stud-
ies suggest an elevated expression of FBP17 in IDCs determine its poor differentiation and the invasive potential.

Results
Clinico‑pathological characteristics of tissue microarrays (TMAs).  Patient demographics, tumor 
grade, expression of receptors, details of age, grade and lymph node status of the cases are summarized in 
Table 1. All the cases of breast cancer were invasive ductal carcinoma. 8 cases were from normal adjacent tis-
sues. We tested whether FBP17 is expressed in human breast cancer tissues and whether its expression is linked 
to clinico-pathological features of the breast cancer. The expression of FBP17 was checked using FBP17 specific 
antibody through IHC. The linkage of FBP17 expression with clinic-pathological features is given in Table 1.

FBP17 is markedly upregulated in breast cancer tissues.  Our previous observation that FBP17 
overexpression in invasive breast cancer cell lines made us inquisitive to determine the levels of FBP17 in breast 
cancer tissues4. To investigate the expression of FBP17 in TMAs, we successfully evaluated the immunohisto-
chemical staining of FBP17 in a total of 90 cases including 8 normal tissues. The tissue microarray core details 
are given in Table 1 along with the results of the FBP17 protein expression in breast cancer tissues. In normal 
breast tissues, 6 cases showed absent staining and only 2 cases showed positive staining for FBP17 and both the 
2 positive cases displayed weak staining in the ductal epithelia (Fig. 1A). In breast cancer tissues, the staining of 
FBP17 varied from case to case, majority (42.7%) of the cases fell in the strong expression of FBP17. A significant 
number (36.6%) of IDCs were found to have moderate to strong immunoreactivity toward FBP17 (Fig. 1B). 
Representative images from the tissue cores (normal as well as IDCs) expressing FBP17 of varying intensity 
are shown in Fig. 1A. In order to strengthen the higher expression of FBP17 in breast cancer as observed in 
IHC, we also subjected the two tumor tissue along with a normal (Imgenex) to immunoblotting. Western blot 
analysis indicated the elevated levels of FBP17 in tumor tissues (Fig. S1. A). additionally, densitometry analysis 
of the Western blot demonstrated that expression of FBP17 is increased to 2.6 and 1.7 fold in tumor tissue 1and 
2 respectively (Fig. S1. B). The analysis of FBP17 levels in breast cancer tissues by IHC and Western blot sug-
gest the significant elevation of FBP17. For IHC we used FBP17 specific antibody that we have validated in our 
previous study in immunoblotting and immunoprecipitation4. For the present study, we validated the antibody 
by immunofluorescence on FBP17-Knock down cells (Fig. S2).

Profiling of FBP17 expression in IDCs correlates with invasive molecular subtype.  Invasive 
ductal carcinomas are heterogeneous in nature and express different receptors and thus categorized into dif-
ferent molecular subtype17,18. The TMAs that we have employed in this study, were with known ER, PR and 
HER2 status. To determine the levels of FBP17 in these molecular subtypes, we assigned the IDCs in the TMAs 
into Luminal A, Luminal B, HER2 and TNBC subtypes. Luminal A tumors (ER and/or PR) comprised of the 
majority, 33 cases followed by Luminal B tumors (ER/PR/HER2) that represented 14 cases. HER2 (only HER2 
expression) represented 17 cases and TNBC (lack of three receptors) 18 cases. Then we extended the analysis of 
FBP17 staining to the major molecular subtypes. The image analysis of the tissue cores was done by image J soft-
ware as well as manually. We found the moderate to strong FBP17 expression was present in all of the molecular 
subtypes. Pathological analysis of the IHC staining in these subtypes revealed the higher expression of FBP17 in 
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Position Grade Stage Type ER PR HER2 Lymph Node Status FBP17 Expression

A1 3 IIA Malignant +  − 0 +  ++ 

A2 2 IIA Malignant +  − 3+  +  + 

A3 2 IIA Malignant − ++ 0 0

A4 2 IIA Malignant +++  +++  0 − ++

A5 2 IIB Malignant * − 0 0

A6 2 IA Malignant +++  +++  2+  − ++

A7 2 IIB Malignant ++ ++ 3+  0

A8 2 IIA Malignant +++  +++  0 0

A9 2 IIA Malignant +++  +  0 0

A10 2 IA Malignant +++  +++  0 − + 

B1 2 IIIB Malignant +++  +++  0 +  + 

B2 2 IA Malignant − − 0 0

B3 2 IIA Malignant +++  +++  0 − +++ 

B4 2 IIA Malignant +++  +  1+  − ++

B5 2 IIIA Malignant +++  +++  0 +  ++

B6 3 IA Malignant * * * 0

B7 2 IIA Malignant − − 3+  − + 

B8 2 IIIB Malignant +++  +  0 − ++

B9 2 IIA Malignant +++  +++  2+  − +++ 

B10 2 IIB Malignant +++  − 0 +  +++ 

C1 2 IIA Malignant +++  − 0 0

C2 2 IIA Malignant +++  ++ 0 − + 

C3 2 IIA Malignant +++  +  0 − + 

C4 2 IIA Malignant +++  +++  3+  − ++

C5 2 IIA Malignant +++  − 0 − +++ 

C6 2 IIB Malignant +++  − 3+  0

C7 2 IIA Malignant +++  +++  0 − + 

C8 2 IIA Malignant +++  +++  2+  − +++ 

C9 2 IIA Malignant +  − 3+  − ++

C10 2 IIB Malignant +++  − 3+  +  + 

D1 2 IIB Malignant +++  +  0 − + 

D2 3 IIB Malignant − − 0 +  +++ 

D3 3 IIA Malignant +++  +++  0 − ++

D4 – IIB Malignant +++  +  0 0

D5 3 IIB Malignant +++  +++  3+  − ++

D6 2 IIA Malignant +++  +++  0 − ++

D7 2 IIA Malignant − − 0 − + 

D8 3 IIB Malignant − − 1+  +  +++ 

D9 2 IIB Malignant − − 3+  − ++

D10 − IIB Malignant +++  +  3+  − +++ 

E1 2 IIB Malignant +++  +++  0 − + 

E2 3 IIB Malignant − − 3+  − +++ 

E3 2 IIIB Malignant +++  +++  0 +  ++

E4 2 IIIB Malignant +++  +  0 +  +++ 

E5 2 IIB Malignant − − 0 +  ++

E6 3 IIB Malignant − − 0 +  +++ 

E7 3 IIA Malignant − − 0 − ++

E8 2 IIB Malignant − − 3+  +  +++ 

E9 2 IIB Malignant +++  +++  0 +  ++

E10 3 IIB Malignant − − 3+  +  +++ 

F1 2 IIA Malignant +++  − 2+  − +++ 

F2 2 IIIA Malignant − − 1+  +  +++ 

F3 2 IIIA Malignant − − 0 +  ++

F4 2 IIA Malignant +++  +++  0 − + 

F5 2 IIIB Malignant +++  +++  0 − ++

F6 2 IIIB Malignant − − 3+  − + 

Continued



4

Vol:.(1234567890)

Scientific Reports |        (2020) 10:11543  | https://doi.org/10.1038/s41598-020-68454-9

www.nature.com/scientificreports/

Table 1.   Patient demographics, tumor grade, expression of receptors, details of age, grade and lymph node 
status of the patients tissues along with the expression of FBP17 in TMAs. +, ++, +++ in denotes the expression 
of FBP17 as weak, moderate and strong positive respectively.

Position Grade Stage Type ER PR HER2 Lymph Node Status FBP17 Expression

F7 2 IIIB Malignant +++  − 0 +  ++

F8 2 IIIB Malignant +  − 0 +  +++ 

F9 2 IIA Malignant +++  +++  0 − ++

F10 3 IIIB Malignant +++  − 0 +  +++ 

G1 2 IA Malignant ++ +  0 − + 

G2 2 IIA Malignant − − 0 − +++ 

G3 2 IIB Malignant +++  +  0 0

G4 2 IIA Malignant − − 3+  − ++

G5 3 IIA Malignant +  − 0 − +++ 

G6 3 IIIA Malignant − − 0 +  +++ 

G7 3 IIIA Malignant +  − 3+  +  ++

G8 3 IIA Malignant +  − 0 − +++ 

G9 2 IIA Malignant +  − 3+  − +++ 

G10 – IIA Malignant − +  0 0

H1 2 IIA Malignant − − 0 0

H2 3 IIB Malignant +++  − 3+  +  +++ 

H3 3 IIIB Malignant +++  +++  0 − +++ 

H4 3 IIB Malignant +++  +++  0 +  + 

H5 3 IIIB Malignant − − 3+  +  +++ 

H6 3 IIB Malignant +++  − 0 +  ++

H7 3 IA Malignant ++ +  3+  0

H8 3 IIA Malignant − − 2+  − +++ 

H9 3 IIA Malignant − − 2+  − +++ 

H10 3 IIB Malignant − − 0 − + 

I1 3 IIIA Malignant − − 3+  +  +++ 

I2 3 IIA Malignant − − 0 0

I3 3 IIA Malignant +++  − 0 − +++ 

I4 3 IIA Malignant − − 3+  0

I5 3 IIA Malignant +++  +  0 − +++ 

I6 3 IIA Malignant − − 0 − ++

I7 3 IIA Malignant +++  +  0 − +++ 

I8 3 IIB Malignant − − 2+  0

I9 2 IIB Malignant +++  +  0 +  ++

I10 3 IIA Malignant − − 0 − ++

J1 3 IIIA Malignant +  − 0 0

J2 3 IIA Malignant − − 0 − ++

J3 3 IIA Malignant − − 1+  − + 

J4 2 IIA Malignant +++  +  1+  +  ++

J5 3 IIB Malignant − − 3+  − +++ 

J6 3 IIB Malignant − − 1+  +  +++ 

J7 3 IIB Malignant ++ ++ 0 +  ++

J8 3 IIIA Malignant − − 3+  +  +++ 

J9 3 IIIB Malignant − − 0 +  +++ 

J10 3 IV Malignant ++ +  3+  +  ++

K1 – – NAT +  +  0

K2 – – AT +  +  0

K3 – – NAT +  +  0

K4 – – NAT +  +  0

K5 – – NAT +  +  0

K6 – – NAT * * *

K7 – – NAT +++  ++ 0

K8 – – NAT +++  +++  0

K9 – – NAT +++  +  0

K10 – – NAT * * *
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Figure 1.   FBP17 expression in IDCs. (a) Weak staining of FBP17 in normal adjacent tissues. In IDCs, strong 
staining of FBP17 was observed (10× magnification). Representative Immunohistochemical staining of FBP17 
in IDCs. (b) Quantitative estimation of FBP17 expression in normal tissues and IDCs showed a statistically 
significant difference (p < 0.0001).
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Figure 2.   Elevated levels of FBP17 in invasive molecular subtypes of breast cancer. (a) Weak staining in 
Luminal A, whereas moderate to strong staining can be depicted in Luminal B, HER2 and TNBC subtype. 
Representative immunohistochemical staining of FBP17 among molecular subtypes. (b) Quantitative analysis of 
FBP17 staining among different molecular subtypes showed statistical difference in invasive phenotypes such as 
HER2 and TNBC (p < 0.05).
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TNBC and HER2 (Fig. 2). The tissue cores from the HER2 and TNBC subtypes showed a stronger staining as 
compare to the Luminal subtype (Fig. 2A). A significant observation was made for increased FBP17 expression 
levels in HER2 and TNBC subtypes as compared to the luminal subtypes (p ≤ 0.05) (Fig. 2B). Cancers belonged 
to Luminal A had a moderate staining and interestingly, luminal B cancers were also found to express higher 
levels of FBP17 (Fig. 2A, B). The expression of FBP17 in different molecular subtypes was further investigated 
for quantitative analysis (Fig. 2B). Having established FBP17 expression in invasive ductal carcinomas (Fig. 2A, 
B), we expanded the analysis of FBP17 expression in terms of invasiveness of the cancers. As expected in terms of 
invasiveness, HER2 and TNBC cancers being the highly invasive cancers significantly showed higher number of 
cases with strong immunostaining of FBP17. HER2 and TNBC cases showed the higher expression in 58.8% and 
50% respectively while luminal A displayed higher FBP17 expression in less than 30% cases. Luminal B showed 
42.9% of cases with high levels of FBP17 (Fig. 2B). The analysis of FBP17 immunostaining in these IDCS indicate 
that FBP17 elevated expression (Table2) is elevated in breast cancers lacking the expression of ER.

High expression of FBP17 is associated with the lymph node positive tumors of invasive sub-
types.  Axillary lymph node (LN) metastases remain the most important factor for breast cancer diagnosis 
and prognosis. Subsequently, we investigated the association of FBP17 with clinicopathological features. There-
fore, we determined the FBP17 levels in lymph node positive and negative cancers. The total numbers of lymph 
node negative and positive cases were 48 and 34 respectively. Both node negative and positive tumors did not 
show any significant differences in the intensity of the staining (Fig. 3A). This result came as a surprise, given 
the role of FBP17 in invasion4,16. Further dissection of FBP17 expression in lymph node positive case of invasive 
phenotypes (Table 2), we expanded the analysis of FBP17 in the node negative and positive tumors in terms of 
molecular subtypes. We dissected the IDCs into different molecular subtypes in terms of node negative and posi-
tive cases. Interestingly, we found no significant difference in the levels of FBP17 in node negative and positive 
tumors in Luminal A subtype (Fig. 3B). Rather LN (Lymph node) positive cases in this subtype showed lower 

Table 2.   Correlation of FBP17 expression with clinic-pathological characteristics of IDCs.

Characteristics
Total No. cases 
(N = 82)

FBP17 IHC staining intensity

FBP17 low (n = 17) FBP17 moderate (n = 30) FBP17 high (n = 35)

FBP17 low Low % FBP17 moderate Moderate % FBP17 high High %

Tumor grade

Grade 2 43 13 30.2 18 41.8 12 28

Grade 3 39 4 10.2 12 30.8 23 59

Lymph node status

LN+  34 4 11.8 13 38.2 17 50

LN− 48 13 27.1 17 35.4 18 37.5

Molecular subtypes

Luminal A 33 10 30.3 13 39.4 10 30.3

Luminal B 14 2 14.2 6 42.9 6 42.9

HER2 17 3 17.6 4 23.6 10 58.8

TNBC 18 2 11.1 7 38.9 9 50
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Figure 3.   Association of FBP17 expression and lymph node status. (a) Quantitative analysis the 
immunostaining by imaging software revealed no statistically significant difference in FBP17 levels in case of 
lymph node positive and negative tumors (p > 0.05). (b) Quantification of FBP17 expression in the lymph node 
positive and negative cases among different molecular subtypes (p < 0.05).
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levels of FBP17 than LN negative cases. However, node negative and positive tumors in Luminal B subtype dis-
played a significant difference in the expression of FBP17 (p ≤ 0.05) (Fig. 3B). As expected, in terms of invasive 
subtypes, both HER2 and TNBC showed the expression of FBP17 significantly higher in lymph node positive 
tumors (p ≤ 0.05) (Fig. 3B). Results from these studies indicate the statistically significant association of FBP17 
expression with the invasive ability of the cancer cells.

High FBP17 expression positively correlates with histological tumor grade.  Breast cancer is a 
heterogeneous disease and the cells in the same tumor display different levels of differentiation. The measure-
ment of mitotic activity and differentiation predicts tumor grade and it is a well-accepted prognostic marker 
in early stage of breast cancer19,20. The differentiation of the tumors is an important diagnostic and prognostic 
factor21. The tissue microarrays we have used in the study comes with a grading of the tumor. No tumor was 
of grade 1, so all the cases were classified either into grade 2 or grade 3. In order to determine if any significant 
FBP17 expression difference in grade 2 and grade 3 tumors, we expanded the analysis of IHC and found that 
grade 3 tumors significantly demonstrated higher expression of FBP17 (p ≤ 0.01) (Fig. 4A) indicating the role of 
FBP17 in the poor differentiation of tumors. The analysis of IHC in terms of tumor grade was further dissected 
in context of molecular subtypes. Surprisingly, the expression of FBP17 was found to be significantly high in 
poorly differentiated tumors in case of Luminal A molecular subtype. The similar trend was observed for HER2 
subtype. However, no significant differences in the expression of FBP17 were observed in grade 2 and grade 3 
tumors in Luminal B and TNBC subtypes (Fig. 4B). These studies are interesting and surprising that FBP17 can 
play a role in the differentiation of the tumors.

Expression of FBP17 correlates with the low survival rate.  In order to correlate the expression of 
FBP17 in breast cancer tissues to the patient outcome, we have analyzed publicly available dataset, Tang_2018, 
Kaplan-Meier Plotter22 for FNBP1 (gene symbol for FBP17) and Q96RU3 (Uniprot ID for FBP17). The analysis 
suggested that the higher expression of FBP17 protein in breast cancer patients is significantly associated with 
the low survival (p = 0.04) (Fig. 5). Thus our results indicate that increased levels of FBP17 in breast carcinomas 
have pathological implications and might be associated with outcome of the disease.

Discussion
Breast cancers that are of invasive phenotype have activated signaling pathways leading to metastasis23,24. Activa-
tion of EGFR/HER2 and Src signaling pathways lead to the formation of structures such as invadopodia augments 
invasion and metastasis25-28. We previously reported that FBP17 is overexpressed in invasive breast cancer cell 
lines promotes invadopodia formation and invasion of cancer cells4. We were interested to explore the expression 
of FBP17 in breast cancer patients. To investigate, we subjected the invasive ductal carcinoma tissue microarrays 
to immunohistochemistry (IHC) staining for FBP17. The IHC intensity score indicates higher FBP17 expres-
sion in IDCs when compared with the normal adjacent tissues. Further, IHC analysis of IDCs revealed that the 
concentrated staining in the cytoplasm was consistent with the localization of FBP17. In normal adjacent tissues, 
FBP17 staining was much weaker when compared to the IDC sections, where we found moderate to strong 
staining. However, there were few IDCs that displayed weaker staining.

The observation that a large number of IDCs showing higher expression of FBP17 associates with its expres-
sion in invasive breast cancer cell lines and function in the invasion of cancer cells4,16. Among the molecular 
subtypes of breast cancers, HER2 and TNBC are considered to be aggressive and highly invasive17. These cancers 
are characterized by a high rate of malignancy, recurrence, metastasis and poor prognosis18,29. In the current 
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Figure 4.   Correlation between FBP17 expression and grades of IDCs. (a) Statistical significant difference 
in FBP17 expression in grade 3 tumors as compared to grade 2 (p < 0.05). (b) Quantitative analysis showed 
statistically significant differences between grade 2 and grade 3 tumors among the Luminal A and HER2 
molecular subtypes (p < 0.05).
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study, we found that lymph node positive tumors didn’t show a significant difference in the FBP17 expression 
from the lymph node negative tumors. This observation was surprising, given the contribution of FBP17 in 
invasion of cancer cells. We then investigated and assessed the data in terms of different subtypes of cancer. 
Data suggested an elevation of FBP17 intensity score in lymph node positive tumors of Luminal B, HER2 and 
TNBC when compared to Luminal A subtype. The observation suggests the heterogeneity of the disease and 
emphasizes the need to discover distinguished markers for various subtypes. The expression of FBP17 might 
be raising the threshold of invasiveness of cancer cells. Notably, here we report the elevated levels of FBP17 in 
the HER2 and TNBC subtypes, which supports the hypothesis of the upregulation of FBP17 in promoting the 
process of invasion.

Breast cancer is a multifactorial and heterogeneous disease. The tumor differentiation varies from histo-
logical grade 1 to grade 4. Heterogeneous gene expression among different histological grade tumors has been 
established30. In our TMAs, we found that IDCs of higher histological grade had a higher levels of FBP17 as 
compared to grade 2. This analysis exposed the relationship between the FBP17 and differentiation of the tumors. 
The significant difference in the expression of FBP17 between grade 2 and grade 3 made us questioning to explore 
further that if there is a relationship between grade 2 and grade 3 tumors of different molecular subtypes. It was 
interesting to note that grade 2 and grade 3 tumors had no significant differences in FBP17 expression in Luminal 
B and TNBC subtype. However, the expression of FBP17 was significantly higher in Luminal A and HER2 sub-
types. This observation becomes more important in relation to the heterogeneous diseases like breast cancer of 
various subtypes harboring mutations in several tumor suppressor genes. The scientific literature completely lacks 
the information on the role of FBP17 in tumor differentiation. We are the first to designate this relationship and 
it would be worth to explore and elucidate the relationship further to demonstrate whether FBP17 has any role to 
play in cell cycle progression, proliferation and differentiation of tumors. The role of FBP17 in the differentiation 
of tumors among various molecular subtypes warrant further studies. The histological grade is based on mitotic 
index, polymorphism and differentiation21. The observation of FBP17 expression among various subtypes in 
context of histological grading raises the need to study the tumors based on their clinical and biological factors 
associated with the inherent aggressiveness of the disease. The sub-classification of the molecular subtypes based 
on the expression and function of molecular markers might contribute to the efficient therapeutic regimen for 
the disease. The increased risk of low survival of breast cancer patients would fit with our evidence for the higher 
expression of FBP17 in invasive and poorly differentiated breast tumors.

To conclude, this is the first study to demonstrate the expression of FBP17 in invasive ductal carcinomas. We 
showed that FBP17 was markedly overexpressed in breast cancer tissues. The levels of FBP17 were elevated in 
molecular subtypes that are characterized with higher rates of invasion. The current study also implicates high 
expression of FBP17 in lymph node positive tumors of Luminal B, HER2 and TNBC subtypes as compared to 
Luminal A. The study indicated that FBP17 is significantly elevated in poorly differentiated tumors. The data 
presented here raises the possibility of the roles that FBP17 plays are far broader than assumed. Future studies 
are considerably essential to sub classify the molecular subtypes for clinical management of the breast cancer.

Figure 5.   Kaplan–Meier Plotter analysis of basal breast cancer patients with high and low FBP17 transcript 
levels according to overall survival (n = 65; HR = 2.12, logrank p = 0.044).



9

Vol.:(0123456789)

Scientific Reports |        (2020) 10:11543  | https://doi.org/10.1038/s41598-020-68454-9

www.nature.com/scientificreports/

Methods
TMAs and antibodies.  IHC of TMAs was carried out as described previously5,8. Human breast cancer tis-
sue microarrays (TMAs) (BC081120c) were purchased from US Biomax, Inc., Rockville, MD, USA consisting 
110 cores, from which 100 were of breast cancer cases and 10 cores were of normal tissue cores. The TMAs were 
provided with the data on the basis of the expression of receptors (ER, PR and HER2), lymph node status, clini-
cal and grade of the tumors. Out of 100 Breast cancer tissue cores, 82 were selected and from 10 normal cases, 
only 8 cases were selected for further analysis of the study. Cores that showed poor staining of less than 10% 
cells are not included in the study. Rabbit Anti- FBP17 antibody was obtained from Novus Biologicals (Cat. No: 
NBP1-47260).

Immunohistochemistry (IHC) detection, analysis and scoring of FBP17 staining.  TMAs were 
stained using the Discovery XT Staining System (Ventana Medical Systems, Inc. Tucson, AZ, USA). IHC of the 
TMAs were done at the Department of Histopathology, PGIMER, Chandigarh. Antigens were retrieved with an 
EDTA pH 8.0 solution and incubated with FBP17 antibody at dilution 1:100. Staining was visualized with DAB 
treatment and a Hematoxylin counterstain. Analysis of the microarrays was done and Histological scoring (H 
Score) was given according to the percentage of cells stained (0 is <10%, 1+ is 10–25%, 2+ 25–50%, 3+ is 50–75%, 
4+ above 75%) and intensity. The staining intensity of FBP17 was scored as weak, moderate and strong positive 
according to the brown intensity at the cytoplasmic portion. Similarly, we also analyzed the same tissue microar-
rays in terms of other parameters such as molecular subtypes, lymph node and grade of the tumor.

Statistical analysis.  Statistical analysis was done using the GraphPad Prism software (GraphPad Prism 
version 7.00 for Windows, GraphPad Software, La Jolla California USA, www.graph​pad.com) and Excel 2013 
(Microsoft). An independent pathologist and a researcher gave scoring for the obtained data. Data was summa-
rized and the statistical significance of the data of various groups with same parameters was incorporated and 
analyzed using unpaired t-test for 2-group comparison. P value < 0.05 was considered as statistically significant.

Received: 12 December 2019; Accepted: 29 May 2020

References
	 1.	 Siegel, R., Naishadham, D. & Jemal, A. Cancer statistics. CA A Cancer J. Clin. 62, 10–29 (2012).
	 2.	 Ferlay, J. et al. Estimates of worldwide burden of cancer in 2008: GLOBOCAN 2008. Int. J. Cancer 127, 2893–2917 (2010).
	 3.	 Pichot, C.S. et al. (2010). Cdc42-interacting protein 4 promotes breast cancer cell invasion and formation of invadopodia through 

activation of N-WASp. Cancer Res., 0008–5472. CAN-0009–4149.
	 4.	 Suman, P., Mishra, S. & Chander, H. High expression of FBP17 in invasive breast cancer cells promotes invadopodia formation. 

Med. Oncol. 35, 71 (2018).
	 5.	 Chander, H., Truesdell, P., Meens, J. & Craig, A. W. Transducer of Cdc42-dependent actin assembly promotes breast cancer inva-

sion and metastasis. Oncogene 32, 3080 (2013).
	 6.	 Cerqueira, O. L. et al. CIP4 promotes metastasis in triple-negative breast cancer and is associated with poor patient prognosis. 

Oncotarget 6, 9397 (2015).
	 7.	 Truesdell, P. et al. CIP4 promotes lung adenocarcinoma metastasis and is associated with poor prognosis. Oncogene 34, 3527 

(2015).
	 8.	 Chander, H. et al. Toca-1 is suppressed by p53 to limit breast cancer cell invasion and tumor metastasis. Breast Cancer Res. 16, 

3413 (2014).
	 9.	 Takano, K., Toyooka, K. & Suetsugu, S. EFC/F-BAR proteins and the N-WASP–WIP complex induce membrane curvature-

dependent actin polymerization. EMBO J. 27, 2817–2828 (2008).
	10.	 Bu, W. et al. Cdc42 interaction with N-WASP and Toca-1 regulates membrane tubulation, vesicle formation and vesicle motility: 

implications for endocytosis. PLoS ONE 5, e12153 (2010).
	11.	 Campellone, K. G. et al. Enterohaemorrhagic Escherichia coli Tir requires a C-terminal 12-residue peptide to initiate EspFU-

mediated actin assembly and harbours N-terminal sequences that influence pedestal length. Cell. Microbiol. 8, 1488–1503 (2006).
	12.	 Tsujita, K. et al. Antagonistic regulation of F-BAR protein assemblies controls actin polymerization during podosome formation. 

J. Cell Sci. 126, 122515 (2013).
	13.	 Watson, J. R. et al. Investigation of the interaction between Cdc42 and its effector TOCA1: Handover of Cdc42 to the actin regula-

tor N-WASP is facilitated by differential binding affinities. J. Biol. Chem. 116, 724294 (2016).
	14.	 Chan Wah Hak, L. et al. Publisher correction: FBP17 and CIP4 recruit SHIP2 and lamellipodin to prime the plasma membrane 

for fast endophilin-mediated endocytosis. Nat. Cell Biol. 20, 1229–1229 (2018).
	15.	 Tsuboi, S. et al. FBP17 mediates a common molecular step in the formation of podosomes and phagocytic cups in macrophages. 

J. Biol. Chem. 284(13), 8548–8556 (2009).
	16.	 Yamamoto, H. et al. Requirement for FBP17 in invadopodia formation by invasive bladder tumor cells. J. Urol. 185, 1930–1938 

(2011).
	17.	 Lehmann, B. D. et al. Identification of human triple-negative breast cancer subtypes and preclinical models for selection of targeted 

therapies. J. Clin. Investig. 121, 2750–2767 (2011).
	18.	 Carey, L., Winer, E., Viale, G., Cameron, D. & Gianni, L. Triple-negative breast cancer: disease entity or title of convenience?. Nat. 

Rev. Clin. Oncol. 7, 683 (2010).
	19.	 Slamon, D. et al. Human breast cancer: correlation of relapse and survival with amplification of the HER-2/neu oncogene. Science 

235, 177–182 (1987).
	20.	 Arpino, G., Milano, M. & De Placido, S. Features of aggressive breast cancer. The Breast 24, 594–600 (2015).
	21.	 Elston, C. W. & Ellis, I. O. pathological prognostic factors in breast cancer. I. The value of histological grade in breast cancer: 

experience from a large study with long-term follow-up. Histopathology 19, 403–410 (1991).
	22.	 Gyorffy, B. et al. An online survival analysis tool to rapidly assess the effect of 22,277 genes on breast cancer prognosis using 

microarray data of 1,809 patients. Breast Cancer Res. Treat. 123, 725–731 (2010).
	23.	 Chacón, R. D. & Costanzo, M. V. Triple-negative breast cancer. Breast Cancer Res. 12, S3 (2010).
	24.	 Cleator, S., Heller, W. & Coombes, R. C. Triple-negative breast cancer: therapeutic options. Lancet Oncol. 8, 235–244 (2007).

http://www.graphpad.com


10

Vol:.(1234567890)

Scientific Reports |        (2020) 10:11543  | https://doi.org/10.1038/s41598-020-68454-9

www.nature.com/scientificreports/

	25.	 Yamashita, H. et al. Coexistence of HER2 over-expression and p53 protein accumulation is a strong prognostic molecular marker 
in breast cancer. Breast Cancer Res. 6, R24 (2003).

	26.	 Ferraro, D. A. et al. Inhibition of triple-negative breast cancer models by combinations of antibodies to EGFR. Proc. Natl. Acad. 
Sci. 110, 1815–1820 (2013).

	27.	 Collins, D. M. et al. SRC: a potential target for the treatment of triple-negative breast cancer. Ann. Oncol. 22, 2234–2240 (2011).
	28.	 Ueno, N. T. & Zhang, D. Targeting EGFR in triple negative breast cancer. J Cancer 2, 324 (2011).
	29.	 Rakha, E. A. & Ellis, I. O. Triple-negative/basal-like breast cancer. Pathology 41, 40–47 (2009).
	30.	 Sotiriou, C. et al. Gene expression profiling in breast cancer: understanding the molecular basis of histologic grade to improve 

prognosis. J. Natl. Cancer Inst. 98, 262–272 (2006).

Acknowledgements
We acknowledge Central University of Punjab for providing infrastructure facility in conducting our experiment. 
The authors thank the Faculty and technical staff of the immunohistochemistry laboratory of Department of 
Pathology. PGIMER Chandigarh, India. We thank Department of Science and Technology-Science and Engi-
neering Research Board (DST-SERB), Government of India for extramural Research Grant (EMR/2015/000761) 
to H. C. We also acknowledge University grants Commission (UGC), New Delhi for Rajiv Gandhi National 
Fellowship (RGNF) to P.S. for Ph.D.

Author contributions
P.S., S.M. and H.C. designed the study. P.S. and S.M. performed the experiment. P.S, S.M. and H.C. analyzed 
the results. P.S. and S.M. wrote the manuscript. S.M. and P.S. prepared the figures. All authors reviewed the 
manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary information is available for this paper at https​://doi.org/10.1038/s4159​8-020-68454​-9.

Correspondence and requests for materials should be addressed to H.C.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this license, visit http://creat​iveco​mmons​.org/licen​ses/by/4.0/.

© The Author(s) 2020

https://doi.org/10.1038/s41598-020-68454-9
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	High formin binding protein 17 (FBP17) expression indicates poor differentiation and invasiveness of ductal carcinomas
	Anchor 2
	Anchor 3
	Results
	Clinico-pathological characteristics of tissue microarrays (TMAs). 
	FBP17 is markedly upregulated in breast cancer tissues. 
	Profiling of FBP17 expression in IDCs correlates with invasive molecular subtype. 
	High expression of FBP17 is associated with the lymph node positive tumors of invasive subtypes. 
	High FBP17 expression positively correlates with histological tumor grade. 
	Expression of FBP17 correlates with the low survival rate. 

	Discussion
	Methods
	TMAs and antibodies. 
	Immunohistochemistry (IHC) detection, analysis and scoring of FBP17 staining. 
	Statistical analysis. 

	References
	Acknowledgements


