
EDITORIAL
Learning From Gender Disparity: Role of Estrogen Receptor
Activation in Coping With Pancreatic Cancer
he gender disparity in cancer is one of the most
Tconsistent findings shown in multiple epidemiologic
research. Gender not only influences cancer incidence rates
but also determines clinical outcomes, and its role is com-
parable with racial and ethnic disparity in magnitude, and
yet is still not fully understood. Recent cancer statistics
revealed that men are not only prone to develop cancer but
are also likely to die more often compared with women in
several different cancer types.1 According to recent esti-
mates from the International Agency for Research on Can-
cer, in 2018 there were 243,033 new cases of pancreatic
cancer in men (5.5 per 100,000 people) compared with
215,885 in women (4.0 per 100,000 people).2 Globally,
pancreatic cancer is more deadly in men (5.1 per 100,000
people; 226,910 deaths) compared with women (3.8 per
100,000 people; 205,332 deaths) in 2018.2 These findings
indicate that there is something about female sex and their
unique hormones that can protect them against this deadly
cancer, and yet this aspect of pancreatic cancer has not been
investigated extensively before. Over the past few years,
researchers have begun to investigate the role of circulating
estrogen, progesterone, and testosterone in the genesis and
progression of various nonreproductive system cancers.3-5

In the current issue of Cellular and Molecular Gastroen-
terology and Hepatology, Natale et al6 have uncovered a
novel mechanism for the protective effects of estrogens in
pancreatic cancer. Encouraged by prior findings of a bene-
ficial effect of noncanonical estrogen signaling, which does
not act via the well-studied nuclear receptor but rather via a
G-protein-coupled estrogen receptor (GPER) in the plasma
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membrane, in melanoma,4 they discovered that high GPER
expression is associated with improved survival in pancre-
atic ductal adenocarcinoma (PDAC). Next, they investigated
the therapeutic potential of the highly specific GPER agonist
G-1 on the growth of PDAC tumor cell lines and found
significantly slowed proliferation.

Mechanistically, the authors demonstrated that GPER
activation causes a G1-S cell cycle arrest and corresponding
decreases in p-RB and c-Myc (Figure 1). C-Myc is a master
transcription factor regulator that stimulates proliferation
and growth7 by activating thousands of target genes and is
frequently overexpressed in cancer. Through a series of
intricate experiments involving mouse model of pancreatic
cancer, Natale et al6 further demonstrated that in vivo
administration of GPER agonist G-1 resulted in tumor
regression and prolonged survival of the treated mice.5

Importantly, the response to G-1 did not show any gender
differences PDAC mouse model.

Recent emergence of immunotherapy has transformed
the cancer treatment paradigm for several cancers, such as
melanoma and non–small cell lung cancer. However, current
immunotherapies thus far have shown no efficacy in
“immunologically cold” cancers, such as PDAC, which are
known for their immune-suppressive tumor microenviron-
ment.8 Clearly, microenvironmental factors dictate the im-
mune infiltration in pancreatic tumors.9,10 Importantly,
Natale et al6 investigated the therapeutic potential of GPER
activation in combination with immune checkpoint inhibitor
therapy in mouse model of pancreatic cancer. Their results
showed that 2 out of 3 syngeneic PDAC immunocompetent
Figure 1. Schematic
model depicting mecha-
nisms through which es-
trogen or GPER agonist
G-1 hampers cell prolif-
eration in pancreatic
cancer cell.
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mouse models responded to G-1/anti PD-1 combination
therapy and showed prolonged survival compared with
monotherapy. Thus, an intriguing question that arises from
this study is why some tumors did not respond to combi-
nation therapy? The authors hypothesized that expression
of PD-L1 in pancreatic tumors determines the heteroge-
neous response to G-1/anti PD-1 combination therapy.6 In
situ hybridization showed that responsive tumors have
indeed high PD-L1 expression. In contrast, nonresponsive
tumors expressed very low levels of PD-L1, indicating po-
tential importance of PD-L1 expression in determining
response to GPER activation in combination with immune
checkpoint therapy.

In sum, Natale et al6 provide multiple new insights about
the role of gender in PDAC. First, the study highlights the
importance of noncanonical estrogen signaling pathway as
tumor suppressing in pancreatic cancer. Second, they show
that this pathway can be activated by the specific small
molecule synthetic GPER agonist, G-1, to inhibit pancreatic
cancer cell proliferation. Third, they provide evidence that
GPER activation can sensitize PD-L1 expressing pancreatic
tumors to immune checkpoint therapy and could thus
represent a new treatment modality for PDAC. The thera-
peutic implications of this observation in developing
immunotherapy against pancreatic tumors remain to be
evaluated further.

VINEET K. GUPTA
SULAGNA BANERJEE
ASHOK K. SALUJA, PhD
Department of Surgery, University of Miami
Sylvester Comprehensive Cancer Center, Miller School of
Medicine
Miami, Florida

References
1. Ma J, Siegel R, Jemal A. Pancreatic cancer death rates

by race among US men and women, 1970-2009. J Natl
Cancer Inst 2013;105:1694–1700.

2. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA,
Jemal A. Global cancer statistics 2018: GLOBOCAN
estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin 2018;
68:394–424.

3. Liu Q, Chen Z, Jiang G, Zhou Y, Yang X, Huang H, Liu H,
Du J, Wang H. Epigenetic down regulation of G protein-
coupled estrogen receptor (GPER) functions as a tumor
suppressor in colorectal cancer. Mol Cancer 2017;16:87.
4. Natale CA, Li J, Zhang J, Dahal A, Dentchev T,
Stanger BZ, Ridky TW. Activation of G protein-coupled
estrogen receptor signaling inhibits melanoma and im-
proves response to immune checkpoint blockade. Elife
2018;7:e31770.

5. Li Z, Tuteja G, Schug J, Kaestner KH. Foxa1 and Foxa2
are essential for sexual dimorphism in liver cancer. Cell
2011;148:72–83.

6. Natale CA, Li J, Pitarresi JR, Norgard RJ, Dentchev T,
Capell BC, Seykora JT, Stanger BZ, Ridky TW. Phar-
macologic activation of the G protein-coupled estrogen
receptor inhibits pancreatic ductal adenocarcinoma. Cell
Mol Gastroenterol Hepatol 2020;10:868–880.

7. O’Donnell KA, Yu D, Zeller KI, Kim JW, Racke F,
Thomas-Tikhonenko A, Dang CV. Activation of trans-
ferrin receptor 1 by c-Myc enhances cellular proliferation
and tumorigenesis. Mol Cell Biol 2006;26:2373–2386.

8. Neoptolemos JP, Kleeff J, Michl P, Costello E,
Greenhalf W, Palmer DH. Therapeutic developments in
pancreatic cancer: current and future perspectives. Nat
Rev Gastroenterol Hepatol 2018;15:333–348.

9. Garg B, Giri B, Modi S, Sethi V, Castro I, Umland O,
Ban Y, Lavania S, Dawra R, Banerjee S, Vickers S,
Merchant NB, Chen SX, Gilboa E, Ramakrishnan S,
Saluja A, Dudeja V. NFkappaB in pancreatic stellate cells
reduces infiltration of tumors by cytotoxic T cells and
killing of cancer cells, via up-regulation of CXCL12.
Gastroenterology 2018;155:880–891.

10. Sharma NS, Gupta VK, Garrido VT, Hadad R, Durden BC,
Kesh K, Giri B, Ferrantella A, Dudeja V, Saluja A,
Banerjee S. Targeting tumor-intrinsic hexosamine
biosynthesis sensitizes pancreatic cancer to anti-PD1
therapy. J Clin Invest 2020;130:451–465.

Correspondence
Address correspondence to: Ashok K. Saluja, PhD, Department of Surgery,
CRB 460C, University of Miami, School of Medicine, Miami Florida 33136.
e-mail: asaluja@miami.edu.

Conflicts of interest
This author discloses the following: Ashok K. Saluja is one of the inventors of
Minnelide, which has been licensed to Minneamrita Therapeutics by the
University of Minnesota; and is its cofounder and CSO. Sulagna Banerjee is
a consultant of Minneamrita Therapeutics. The other author discloses no
conflicts.
Most current article

© 2020 The Authors. Published by Elsevier Inc. on behalf of the AGA
Institute. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
2352-345X

https://doi.org/10.1016/j.jcmgh.2020.07.009

http://refhub.elsevier.com/S2352-345X(20)30115-6/sref1
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref1
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref1
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref1
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref2
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref2
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref2
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref2
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref2
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref2
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref3
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref3
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref3
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref3
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref4
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref4
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref4
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref4
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref4
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref5
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref5
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref5
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref5
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref6
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref6
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref6
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref6
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref6
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref6
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref7
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref7
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref7
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref7
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref7
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref8
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref8
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref8
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref8
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref8
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref9
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref9
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref9
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref9
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref9
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref9
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref9
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref9
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref10
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref10
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref10
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref10
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref10
http://refhub.elsevier.com/S2352-345X(20)30115-6/sref10
mailto:asaluja@miami.edu
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jcmgh.2020.07.009

	Learning From Gender Disparity: Role of Estrogen Receptor Activation in Coping With Pancreatic Cancer
	References


