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Endometrial carcinomamay favor partial, but not
complete, loss of the TGF-β signaling pathway
Ji-Long Liua,1, Jia-Peng Hea, Can Zhua, and Hao-Zhuang Chenga

The TGF-β signaling pathway is involved in the devel-
opment of many types of cancer. In two recent PNAS
papers, Montsivais et al. (1) and Kriseman et al. (2) of
the Matzuk laboratory investigate the role of the TGF-
β signaling pathway in endometrial carcinoma by us-
ing gene knockout mouse models. They find that ei-
ther uterine conditional inactivation of TGF-β receptor
Alk5 (1) or uterine double-conditional inactivation of
Smad2 and Smad3 (2), which are transcription factors
downstream of the receptor, leads to the develop-
ment of estrogen-dependent metastatic endometrial
cancer. They suggest that the TGF-β signaling path-
way may serve as an important tumor suppressor in
the uterus. These findings significantly advance our
understanding of endometrial carcinoma and open
novel avenues for future therapeutic strategies.

We are particularly interested in the phenotype
difference in these twomousemodels: Mice with uterine
double-conditional inactivation of Smad2 and
Smad3 developed endometrial cancer spontaneously
(2), whereas mice with uterine conditional inactivation
of Alk5 developed endometrial cancer only if they were
continuously stimulated by pregnancy (1). According to
the University of California, Santa Cruz Genome Browser
mouse genomemm9 assembly (3),Alk5, Smad2, Smad3,
and progesterone receptor (Pgr) are located on
chr4:47366094–47427796, chr18:76401355–76471401,
chr9:63494574–63605801, and chr9:8899833–8968611,
respectively. Because Smad3 and Pgr are on the same
chromosome, uterine conditional inactivation of
Smad3 using Pgr-Cre would only result in haploinsuf-
ficiency. Therefore, uterine conditional inactivation of
Alk5 may cause complete, whereas uterine double-
conditional inactivation of Smad2 and Smad3 may
cause only partial, loss of the TGF-β signaling pathway.

This may explain the phenotype difference between
these two mouse models.

There are serval steps during tumorigenesis, from
hyperplasia to dysplasia and eventually invasion. In
theory, TGF-β can have a dual action in cancer (4): It may
inhibit hyperplasia by inducing growth arrest as a tumor
suppressor, and it may also enhance tumor cell migration
by stimulating epithelial to mesenchymal transition as a
tumor promoter. Taking the gene knockout results (1, 2)
into consideration, we suspect that endometrial carci-
noma may favor partial, but not complete, loss of the
TGF-β signaling pathway. Additional evidence in support
of this hypothesis was obtained by analyzing human sam-
ples of Uterine Corpus Endometrial Carcinoma
(UCEC) from The Cancer Genome Atlas (TCGA) project
(5). Expression levels of Alk5, Smad2, and Smad3 are
significantly down-regulated in endometrial cancer tis-
sues compared with the matched noncancer tissues
(Fig. 1), indicative of a role as a tumor suppressor. Para-
doxically, we found that althoughAlk5does not reach the
significant threshold, low expression levels of Smad2 and
Smad3 are significantly associated with better prognosis
and longer survival time in endometrial cancer patients
(Fig. 2), which is in line with a role as a tumor promoter (6).

In conclusion, by integrating mouse gene knockout
results and human endometrial carcinoma gene ex-
pression data, we suspect that endometrial carcinoma
may favor partial, but not complete, loss of the TGF-β
signaling pathway. This pathway may have a dual ac-
tion as a tumor suppressor and a tumor promoter. This
hypothesis deserves further investigation.
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Fig. 1. (A–C) Box plots showing the expression of ALK5 (A), SMAD2 (B), and SMAD3 (C) in the cohort of UCEC from TCGA database. RNA
sequencing data were used to estimate gene expression levels as fragments per kilobase of transcript per million mapped fragments (FPKM).

Fig. 2. (A–C) Kaplan–Meier curves showing the prognostic value of ALK5 (A), SMAD2 (B), and SMAD3 (C) in the cohort of UCEC from the TCGA
database. The maximally separated Kaplan–Meier curve based on the log-rank test was chosen, and the cutoff to divide the patients into two
groups of high and low was determined accordingly. A P value of <0.05 was considered to be of prognostic value. HR, hazard ratio.

Liu et al. PNAS | May 7, 2019 | vol. 116 | no. 19 | 9165


