
Abstract. Despite the establishment of the traditional
prognostic factors for breast cancer, patients belonging to
the same histological and molecular subgroup often present
quite different outcomes. Recently, the introduction of gene
expression profiling, assessed by RT-qPCR and microarray
DNA analysis, offered a view of the whole cell gene activity
and the ability to identify new transcripts that are associated
with outcome. This review aimed to gather all recent trials
about new breast cancer prognostic factors, focusing on the
most promising one, the FGD3 gene, and to discuss the real
feasibility of a molecular approach in everyday clinical
practice. In conclusion, all literature concerning this subject
indicated that expression of the FGD3 gene is a strong
marker of good prognosis in breast cancer patients and that
immunohistochemistry represents an efficient, inexpensive,
reproducible evaluation method, affordable also by small
Institutions.

Breast cancer is the most common cancer in women and one
of the most accurately characterized in terms of biomolecular
and pathological features. Traditional prognostic and
predictive factors allow defining prognosis and response to
treatment in breast cancer patients. Tumor size, lymph node
involvement, lymph vascular invasion, tumor grading,
histological type, multifocal disease, presence of ductal
carcinoma in situ (DCIS) component, surgical margins status
and biomolecular type (Luminal A, Luminal B, HER-2
positive, triple negative) are well established markers of
disease-free survival (DFS) and overall survival (OS).
However, within the same subgroup, patients often have

different outcomes. The presence of other unknown markers
of survival may account for such differences. Therefore,
there is a continuous effort to identify new prognostic
factors, that could help to better predict the individual
outcome within the same histological and molecular
subgroup of breast cancer patients (1). 

The introduction of RT-qPCR and microarray DNA
analysis made it possible to use a gene expression profiling
(GEP) for the diagnosis of patients with certain breast
cancer characteristics (2). Thanks to GEP, it is possible to
analyze all the transcribed mRNAs of a single cell, so we
can have a picture of a cell’s gene activity and expressed
proteins. Oncotype DX (3) and MammaPrint (4) are two
examples of this new molecular approach: they analyze,
respectively, 21 and 70 genes using RT-PCR and
microarray DNA methods. ASCO 2016 Guidelines (5) and
St Gallen Consensus Conference 2017 (6) recommend the
use of GEP to assess the need for adjuvant chemotherapy
in addition to hormonotherapy in ER/PgR-positive, HER-
2-negative, lymphnode-negative patients. However, GEP is
not commonly used in every institution around the world
because of its high costs and the difficulty in
interpretation.

The present study aims to review the most promising
prognostic factors, recently established using the new
techniques, underlining the advantages and discussing the
feasibility of a molecular approach.

We performed a MEDLINE literature search, using
PubMed, to find the most recent articles on new breast
cancer prognostic factors. We focused our attention on the
FGD3 gene, which seemed to be one of the most promising
recently identified markers of outcome. We collected all the
publications about the FGD3 gene, using keywords like
breast cancer, outcome, prognostic factors and FGD3 gene.
We identified 9 eligible research articles regarding FGD3
gene characteristics and functions, which we included in our
review. Among them, five studies investigated the role of
FGD3 as marker of outcome in breast cancer. The findings
of these studies are summarized in Table I.
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FGD3 Gene as a Promising Prognostic 
Factor in Breast Cancer

In 2013, Margolin et al. carried out a crowdsourced research
study in order to identify genes associated with breast cancer
prognosis: the Sage Bionetwork/DREAM Breast Cancer
Prognosis Challenge (BCC), based on a dataset of 1981 breast
cancer samples (METABRIC Data Set) (7). During the BCC,
several genes came up as potential markers of prognosis. One
of the most promising genes was FGD3 (Facio-Genital
Dysplasia gene 3). This gene is localized on the long arm of
chromosome 9 (Chr9q22.31) and encodes for FYVE, RhoGEF
and PH-Domain containing protein 3. The FGD3 gene was
isolated and mapped for the first time in mice in 2000 by
Pasteris et al. (8). Their study aimed to identify the genes
involved in Facio-Genital Dysplasia (Aarskog syndrome), an
X-linked human developmental disease characterized by facial
and genital dimorphisms, multiple skeletal alterations and low
height, traditionally attributed to FGD1 gene mutations. The
FGD1 gene is a guanine nucleotide exchange factor which
activates the Rho GTPase Cdc42, resulting in cytoskeleton
modifications and cellular growth and differentiation, and it
represents the founding member of a family of disease
involved genes, all sharing the same activity on Cdc42, one
of them being FGD3.

Hayakawa et al. (9) further investigated the activity of
FGD3 gene transcription products, showing that it had an
inhibitory action on cell migration, differently from FGD1
gene whose transcription resulted in stimulation of cell
migration.

Following the pathway of Margolin et al.’s Challenge (7),
Cheng et al. (10) examined the correlation for each BCC gene
with breast cancer patients’ survival. They found that the
FGD3 gene was the top-ranked protective gene for breast
cancer, as high level of FGD3 expression correlated with a
longer survival.  They also showed that silencing FGD3 gene
always resulted in silencing of the Sushi Domain Containing
3 gene (SUSD3), as they are genomically adjacent to each
other on the long arm of chromosome 9. Therefore, the so-
called FGD3-SUSD3 metagene represented the most
protective gene in the METABRIC Data Set (SUSD3 was the
second top-ranked protective gene, following FGD3). The lack
of FGD3-SUSD3 expression was more strongly associated to
poor outcome than the lack of ER expression. In addition, they
found that ER-negative breast cancers tended to express low
level of FGD3-SUSD3 metagene. In a further study by Moy
et al. in 2015 (11), SUSD3 was found to be highly expressed
in ER-positive breast cancers, as a promoter of estrogen-
dependent cell proliferation and a regulator of cell-cell and
cell-substrate adhesion. It represented a marker of good
prognosis, as its high expression correlated with a stronger
response to aromatase inhibitors therapy. Following Cheng et
al.’s evidences, in 2014 Ou Yang et al. published a follow-up

study with the aim of developing a new breast cancer
prognostic test, called BCAM (Breast Cancer Attractor
Metagenes) (12). The BCAM test was composed of the
FGD3-SUSD3 metagene, other seven attractor metagenes
(CIN, MES, LYM, END, CD68, DNAJB9 and CXCL12),
tumor size and number of positive lymph nodes. Their most
important finding was that traditional breast cancer molecular
subtypes, ER/PgR status and HER-2 status did not provide any
additional prognostic information when FGD3-SUSD3 and the
other attractor metagenes were taken into account. They also
compared the prognostic performance of the BCAM test with
already established genomic assays, as OncotypeDX and
MammaPrint, in several breast cancer datasets, demonstrating
that the BCAM test outperformed them in all cases where
significance was reached. In 2017, Willis et al. (13) confirmed
the prognostic value of the FGD3 gene in a large cohort of
breast cancer patients, compared to well established
proliferation genes like MKI67, AURKA and PCNA, assessed
by RT-qPCR. FGD3 outperformed the others (including the
related SUSD3 gene) in predicting patients’ outcome: higher
expression levels of the gene were strongly associated with
better prognosis. Moreover, they found that lower FGD3
expression correlated with higher degree of lymph node
involvement. They also demonstrated its prognostic value in
head and neck squamous cell carcinoma, lung
adenocarcinoma, cervical squamous cell carcinoma, bladder
urothelial carcinoma and sarcoma. FGD3 gene’s involvement
in other kinds of carcinoma has already been reported, yet its
prognostic significance has not: in 2005 a work by Lacroix et
al. underlined FGD3’s role in the oncogenic process of
follicular thyroid carcinoma with PAX8-PPARγ1
translocation, suggesting it might represent a molecular target
of PPARγ (14). Recently, Chao et al. carried out a
confirmation study on FGD3 as a marker of outcome in head
and neck squamous cell carcinoma, remarking its correlation
with favorable outcome (15). Finally, Willis et al. by RT-qPCR
also noticed that estradiol stimulation increased FGD3 mRNA
expression levels, due to the presence of an ESR1 binding site
within the gene (13). 

FGD3 Expression in Young Breast Cancer Patients

Persuaded by these interesting findings, we carried out a
study in our Institution, focusing on the prognostic role of
FGD3 in a cohort of 60 young (≤40 years) breast cancer
patients (16). Our purpose was to identify a marker of
survival, which could better define the outcome in a
subgroup of patients with a well-known higher tumor
aggressiveness and, in particular, predict the outcome of
patients with diseases belonging to the same molecular
subgroups yet presenting different prognosis. We used
immunohistochemistry (IHC) to assess FDG3 expression in
our breast cancer samples, as it is a simple and inexpensive

ANTICANCER RESEARCH 40: 3645-3649 (2020)

3646



method that can easily be used even in small Institutions. We
compared FGD3 expression with traditional prognostic
factors, showing that higher FGD3 expression was a
significant independent prognostic factor in terms of OS and
that lower expression was significantly associated with
decreased OS and DFS. Even stratifying and adjusting by
AJCC stage, FGD3 expression retained its significance in
terms of OS, as patients with early AJCC stage and low-
FGD3-expressing disease had a poorer outcome than those
with advanced AJCC stage and high-FGD3-expressing
disease. In addition, lower FGD3 expression was associated
with a more widespread lymph node involvement and, as
FGD3 IHC staining intensity decreased, the involved lymph
nodes rate increased. 

Conclusion

The need to introduce new prognostic factors for breast cancer
striving hard for precision medicine, led to the development
of new prognostic tests, based on genomic/molecular assays.

The clinical implications of these promising findings are
however still controversial because all studies were carried out
in very large cohorts, using expensive and not easily reusable
methods. Nevertheless, the FGD3 gene seems to be eligible
to be investigated by easily affordable methods. Indeed, our
recent work showed the applicability of FGD3 expression as
a significant predictor of outcome in breast cancer patients
belonging to the same subgroup but presenting different
outcomes, even when assessed by an inexpensive, easily
reproducible method, such as IHC. 

The FGD3 gene implication on oncogenic process and its
prognostic role in several cancers is nowadays well
established. In particular in breast cancer, the available
evidences suggest that FGD3 could help to better stratify
patients, detecting those at higher risk. In addition, its
demonstrated inhibitory role on cellular migration and lymph
node involvement may be useful to identify patients with
higher probability of lymph node spreading (even though not
already detected by staging investigation) and influence
individual treatment to improve the outcome.  
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Table I. Summary of selected studies concerning FGD3 gene prognostic value.

Reference                     Year          Study design                     Patients, n                        Method                                               Results
                                                                                                 (Data Set)

Margolin et al. (7)       2013         Retrospective                        1981                          Microarray                - Identification of new potential markers 
                                                      crowdsourced                 (METABRIC)                DNA analysis            of prognosis in BC by molecular approach
                                                      research study                                                                                                    - FGD3 gene as a promising one
Cheng et al. (10)         2013         Retrospective                         1981                          Microarray            - Association between FDG3 and SUSD3 genes
                                                                                              (METABRIC)                DNA analysis                         - FGD3-SUSD3 metagene: 
                                                                                                                                                                                 top-ranked protective gene in BC
Ou Yang et al. (12)     2014         Retrospective             1981 (METABRIC)              Microarray                  - Higher effectiveness of BCAM test 
                                                                                                216 (Buffa)                   DNA analysis              (FGD3-SUSD3, CIN, MES, LYM, END, 
                                                                                                  393 (Loi)                                                        CD68, DNAJB9 and CXCL12, tumor size 
                                                                                                115 (Wang)                                                       and positive lymph nodes) vs. traditional
                                                                                                236 (Miller)                                                         prognostic factors and genomic assays 
                                                                                                                                                                                 (OncotypeDX and MammaPrint) 
                                                                                                                                                                                          in predicting outcome
Willis et al. (13)          2017         Retrospective         8010 (BIG 1-98 cohort)            RT-qPCR                    - Higher FGD3 expression correlates 
                                                                                        2872 (E2197 cohort)                                                                 with better outcome
                                                                                                HAS cohort                                                          - Lower FGD3 expression correlates 
                                                                                              TCGA cohort                                                              with wider lymph node spread
                                                                                                                                                                           - FGD3 expression outperforms MKI67, 
                                                                                                                                                                                      AURKA and PCNA genes
                                                                                                                                                                                   - FGD3 is a pancancer marker 
                                                                                                                                                                                             of good prognosis
                                                                                                                                                                                 - Estradiol stimulation increases 
                                                                                                                                                                                              FGD3 expression
Renda et al. (16)          2019         Retrospective                 60 (≤40 years)                       IHC                         - FGD3 is an independent marker of 
                                                                                          (Careggi Hospital,                                                  longer OS, also adjusted by AJCC stage
                                                                                                  Florence)                                                     - Higher FGD3 expression and higher staining
                                                                                                                                                                           intensity correlates with less widespread 
                                                                                                                                                                                        lymph node involvement

BC: Breast cancer; IHC: immunohistochemistry.



Finally, the correlation between estradiol stimulation and
the increase in FGD3 gene products could represent an
interesting field of further studies. Despite the well-known
stimulating effect of oestrogens on breast cancer cells, the
minor aggressiveness of ER-positive diseases is established
(17). Based on the above, FGD3 could play a key role in this
pathogenic mechanism and be a potential target of new
personalized treatments.  

Further studies are required to better define FGD3’s
clinical role, however our findings, along with previous
observations, strongly support the idea that FGD3 evaluation
by IHC could bring a considerable advance in the prognostic
assessment of breast cancer patients. The relatively simple
and inexpensive evaluation of FGD3 expression by IHC may
enhance the introduction of this test into every day clinical
practice in many countries. 

Conflicts of Interest 
All Authors declare that there are no conflicts of interest regarding
this study. 

Authors’ Contributions
TS: Conceptualization, data curation, investigation, critical review
and editing; IR: Data curation, investigation, writing original draft
and editing. 

References

1 Adam Maciejczyk A: New prognostic factors in breast cancer.
Adv Clin Exp Med 22(1): 5-15, 2013. PMID: 23468257.

2 Marchionni L, Wilson RF, Marinopoulos SS, Wolff AC,
Parmigiani G, Bass EB and Goodman SN: Impact of gene
expression profiling tests on breast cancer outcomes. Evid Rep
Technol Assess (Full Rep) (160): 1-105, 2007. PMID: 18457476.

3 Sparano JA, Gray RJ, Makower DF, Pritchard KI, Albain KS,
Hayes DF, Geyer CE, Dees EC, Perez EA, Olson JA, Zujewski
J, Lively T, Badve SS, Saphner TJ, Wagner LI, Whelan TJ, Ellis
MJ, Paik S, Wood WC, Ravdin P, Keane MM, Gomez Moreno
HL, Reddy PS, Goggins TF, Mayer IA, Brufsky AM, Toppmeyer
DL, Kaklamani VG, Atkins JN, Berenberg JL and Sledge JW:
Prospective validation of a 21-gene expression assay in breast
cancer. N Engl J Med 373(21): 2005-2014, 2015.
PMID: 26412349. DOI: 10.1056/NEJMoa1510764

4 Cardoso F, van’t Veer LJ, Bogaerts J, Slaets L, Viale G, Delaloge
S, Pierga JY, Brain E, Causeret S, DeLorenzi M, Glas AM,
Golfinopoulos V, Goulioti T, Knox S, Matos E, Meulemans B,
Neijenhuis PA, Nitz U, Passalacqua R, Ravdin P, Rubio IT,
Saghatchian M, Smilde TJ, Sotiriou C, Stork L, Straehle C,
Thomas G, Thompson AM, van der Hoeven JM, Vuylsteke P,
Bernards R, Tryfonidis K, Rutgers E and Piccart M: 70-gene
signature as an aid to treatment decisions in early-stage breast
cancer. N Engl J Med 375(8): 717-729, 2016. PMID: 27557300.
DOI: 10.1056/NEJMoa1602253

5 Krop I, Ismaila N and Stearns V: Use of biomarkers to guide
decisions on adjuvant systemic therapy for women with early-

stage invasive breast cancer: American Society of Clinical
Oncology Clinical Practice Focused Update Guideline Summary.
J Oncol Pract 13(11): 763-766, 2017. PMID: 28696818. DOI:
10.1200/JOP.2017.024646

6 Curigliano G, Burstein HJ, Winer EP, Gnant M, Dubsky P, Loibl
S, Colleoni M, Regan MM, Piccart-Gebhart M, Senn HJ,
Thürlimann B, St. Gallen International Expert Consensus on the
Primary Therapy of Early Breast Cancer 2017, André F, Baselga
J, Bergh J, Bonnefoi H, Brucker SY, Cardoso F, Carey L,
Ciruelos E, Cuzick J, Denkert C, Di Leo A, Ejlertsen B, Francis
P, Galimberti V, Garber J, Gulluoglu B, Goodwin P, Harbeck N,
Hayes DF, Huang CS, Huober J, Hussein K, Jassem J, Jiang Z,
Karlsson P, Morrow M, Orecchia R, Osborne KC, Pagani O,
Partridge AH, Pritchard K, Ro J, Rutgers EJT, Sedlmayer F,
Semiglazov V, Shao Z, Smith I, Toi M, Tutt A, Viale G,
Watanabe T, Whelan TJ and Xu B: De-escalating and escalating
treatments for early-stage breast cancer: the St. Gallen
International Expert Consensus Conference on the Primary
Therapy of Early Breast Cancer 2017. Ann Oncol 28(8): 1700-
1712, 2017. PMID: 28838210. DOI: 10.1093/annonc/mdx308

7 Margolin A, Bilal E, Huang E, Norman TC, Ottestad L, Mecham
BH, Sauerwine B, Michael R Kellen, Mangravite LM, Furia
MD, Vollan HKM, Rueda OM, Guinney J, Deflaux NA, Hoff B,
Schildwachter X, Russnes HG, Park D, Vang VO, Pirtle T,
Youseff L, Citro C, Curtis C, Kristensen VN, Hellerstein J,
Friend SH, Stolovitzky G, Aparicio S, Caldas C and Børresen-
Dale AL: Systematic analysis of challenge-driven improvements
in molecular prognostic models for breast cancer. Sci Transl
Med 5(181): 181re1, 2013. PMID: 23596205. DOI:
10.1126/scitranslmed.3006112

8 Pasteris NG, Nagata K, Hall A and Gorski JL: Isolation,
characterization, and mapping of the mouse Fgd3 gene, a new
Faciogenital Dysplasia (FGD1; Aarskog Syndrome) gene
homologue. Gene 242(1-2): 237-247, 2000. PMID: 10721717.
DOI: 10.1016/s0378-1119(99)00518-1

9 Hayakawa M, Matsushima M, Hagiwara H, Oshima T, Fujino T,
Ando K, Kikugawa K, Tanaka H, Miyazawa K and Kitagawa M:
Novel insights into FGD3, a putative GEF for Cdc42, that
undergoes SCF FWD1/β -TrCP -mediated proteasomal
degradation analogous to that of its homologue FGD1 but
regulates cell morphology and motility differently from FGD1.
Genes Cells 13(4): 329-342, 2008. PMID: 18363964. DOI:
10.1111/j.1365-2443.2008.01168.x

10 Cheng WY, Ou Yang TH and Anastassiou D: Development of a
prognostic model for breast cancer survival in an open challenge
environment. Sci Transl Med 5(181): 181ra50, 2013. PMID:
23596202. DOI: 10.1126/scitranslmed.3005974

11 Moy I, Todorović V, Dubash AD, Coon JS, Parker J,
Buranapramest M, Huang CC, Zhao H, Green KJ and Bulun SE:
Estrogen-dependent Sushi Domain Containing 3 regulates
cytoskeleton organization and migration in breast cancer cells.
Oncogene 34(3): 323-333, 2015. PMID: 24413080. DOI:
10.1038/onc.2013.553

12 Ou Yang TH, Cheng WY, Zheng T, Maurer MA and Anastassiou
D: Breast cancer prognostic biomarker using attractor metagenes
and the FGD3-SUSD3 metagene. Cancer Epidemiol Biomarkers
Prev 23(12): 2850-2856, 2014. PMID: 25249324. DOI:
10.1158/1055-9965.EPI-14-0399

13 Willis S, Sun Y, Abramovitz M, Fei T, Young B, Lin X, Ni M,
Achua J, Regan MM, Gray KP, Gray R, Wang V, Long B,

ANTICANCER RESEARCH 40: 3645-3649 (2020)

3648



Kammler R, Sparano JA, Williams C, Goldstein LJ, Salgado R,
Loi S, Pruneri G, Viale G, Brown M and Leyland-Jones B: High
expression of FGD3, a putative regulator of cell morphology and
motility, is prognostic of favorable outcome in multiple cancers.
JCO Precis Oncol (1): 1-13, 2017. DOI: 10.1200/PO.17.00009

14 Lacroix L, Lazar V, Michiels S, Ripoche H, Dessen P, Talbot M,
Caillou B, Levillain JP, Schlumberger M and Bidart JM:
Follicular thyroid tumors with the PAX8-PPARgamma1
rearrangement display characteristic genetic alterations. Am J
Pathol 167(1): 223-231, 2005. PMID:  15972966. DOI:
10.1016/s0002-9440(10)62967-7

15 Ma C, Li H, Li X, Lu S and He J: The prognostic value of
faciogenital dysplasias as biomarkers in head and neck
squamous cell carcinoma. Biomark Med 13(16): 1399-1415,
2019. PMID: 31596126. DOI: 10.2217/bmm-2019-0273

16 Renda I, Bianchi S, Vezzosi V, Nori J, Vanzi E, Tavella K and
Susini T: Expression of FGD3 gene as prognostic factor in
young breast cancer patients. Sci Rep 9(1): 15204, 2019. PMID:
31645624. DOI: 10.1038/s41598-019-51766-w

17 Allison KH, Hammond MEH, Dowsett M, McKernin SE, Carey
LA, Fitzgibbons PL, Hayes DF, Lakhani SR, Chavez-MacGregor
M, Perlmutter J, Perou CM, Regan MM, Rimm DL, Symmans
WF, Torlakovic EE, Varella L, Viale G, Weisberg TF, McShane
LM and Wolff AC: Estrogen and progesterone receptor testing
in breast cancer: American Society of Clinical Oncology/College
of American Pathologists Guideline Update. J Clin Oncol
38(12): 1346-1366, 2020. PMID: 31928404. DOI: 10.1200/
JCO.19.02309

Received May 11, 2020
Revised May 25, 2020
Accepted May 27, 2020

Susini and Renda: FGD3 Gene as a Prognostic Factor in Breast Cancer (Review)

3649


