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Abstract

Purpose Sirtuin 2 (SIRT2) is functionally important in cancer progression and treatment resistance as an NAD+--dependent
deacetylase, whereas its role in endometrial cancer (EC) is limitedly investigated. This study aimed to evaluate the regulatory
role of SIRT?2 on cell stemness and chemosensitivity in EC.

Methods SIRT2 expression was detected in human EC cell lines, including Ishikawa, AN3CA, HEC1A, KLE, and normal
human endometrial (uterine) epithelial cells (served as controls). Then, SIRT2 overexpression plasmids (constructed with
pcDNA3.1 vector) and knock-down plasmids (constructed with pGPH1 vector) were transfected in Ishikawa cells and KLE
cells, respectively to assess the influence of SIRT2 on EC cell stemness and chemosensitivity to cisplatin and paclitaxel.
Results SIRT2 mRNA and protein were both overexpressed in EC cell lines (including Ishikawa cells, AN3CA cells, HEC1A
cells, and KLE cells) compared with controls. Upregulation of SIRT2 increased the sphere formation capacity (by sphere
formation assay and extreme limiting dilution analysis) and CD133" cells rate in Ishikawa cells, whereas knock-down of
SIRT2 reduced the sphere formation capacity and CD133" cells rate in KLE cells. As for chemosensitivity, upregulation of
SIRT?2 increased relative cell viability in cisplatin-treated and paclitaxel-treated Ishikawa cells. In contrast, SIRT2 knock-
down suppressed relative cell viability in cisplatin-treated but not in paclitaxel-treated KLE cells. In addition, SIRT?2 over-
expression increased, while SIRT2 knock-down reduced p-MEK and p-ERK1/2 levels in EC cells.

Conclusion SIRT?2 promotes cell stemness and activates the MEK/ERK signaling pathway while represses chemosensitivity
in EC.
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Introduction chemotherapy with advanced or recurrent disease [5]. It

is shown that the stem cell properties of EC cells result in

Endometrial cancer (EC) is the most common gynecologic
malignancy, which often occurs in elderly women, whereas
the onset of EC in younger women rises in recent years as
the epidemic of obesity spreads [1-3]. Most EC cases are
postmenopausal women, with 75% diagnosed at an early
stage [4]. Except for the scheduled surgery and radiotherapy,
taxanes (paclitaxel or docetaxel) and platinum analogs (car-
boplatin or cisplatin) have been used as first-line chemo-
therapies for EC patients who always present extremely poor
treatment response and clinical outcomes to conventional
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metastatic spread and resistance to cisplatin and paclitaxel.
However, the detailed mechanism about the generation of
stemness in EC cells remains to be elucidated [2].

Sirtuins (SIRTs) are nicotinamide adenine dinucleotide
(NAD+)-dependent deacetylases that involve in the epige-
netics via histone modification, whose implication in the
pathogenesis of neurological, cardiovascular, inflammatory
diseases, and cancers have been revealed [6]. SIRT2 is one
of the seven members of human SIRTS located in the cyto-
sol, which directly targets a-tubulin at the microtubules,
and regulates cell migration as well as adhesion of the cell
mitotic progression [7]. In the process of tumorigenesis,
SIRT?2 positively modulates anaphase-promoting complex/
cyclosome (APC/C) via deacetylation, and its expression has
been found to be upregulated in human HCC and NSCLC
tissues [8, 9]. Besides, SIRT2 is reported to regulate the
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multidrug resistance via MEK/ERK pathway, then playing a
vital role in the generation of stemness and chemoresistance
in cancer cells [10-14]. For instance, SIRT2 overexpression
in renal cell carcinoma cell lines increases stem cell growth
and suppresses fluorouracil-induced apoptosis [15]. How-
ever, limited data have been revealed on the role of SIRT2
in EC pathology.

Therefore, the present study evaluated the regulatory role
of SIRT2 on cell stemness, chemosensitivity and MEK/ERK
signaling pathway in EC.

Methods
Cell culture

Human EC cells Ishikawa (BCRIJ, Brazil) were cultured in
Dulbecco’s Modified Eagle Medium (Gibco, USA) supple-
mented with 10% fetal bovine serum (FBS) (Gibco, USA).
Human EC cells AN3CA (ATCC, USA) were cultured in
Minimum Essential Medium (Gibco, USA) supplemented
with 10% FBS (Gibco, USA). Human EC cells HECIA
(ATCC, USA) were cultured in McCoy’s 5SA Medium
(Gibco, USA) supplemented with 10% FBS (Gibco, USA)
and human EC cells KLE (ATCC, USA) were cultured
in Dulbecco’s Modified Eagle Medium/Nutrient Mixture
F-12 (DMEM/F12) (Gibco, USA) supplemented with 10%
FBS (Gibco, USA). Normal human endometrial (uterine)
epithelial cells (HEEC) (Lifeline® Cell Technology, USA)
cultured in Lifeline® ReproLife™ Medium (Lifeline® Cell
Technology, USA). All cells were contained in humidified
atmosphere with 5% CO, at 37 °C. The expression of SIRT2
in EC cells (with HEEC cells as control) was evaluated by
reverse transcription quantitative polymerase chain reaction
(RT-gPCR) and western blot.

Transfection

The 0.8 pg negative control (NC) and 0.8 pg SIRT2 (Access
number: NM_012237.4) overexpression plasmids, which
were constructed with pcDNA3.1 vector (Genomeditech,
China), were transfected into 2 X 105 Ishikawa cells. After
transfection, the cells were termed into pcDNA-NC group
and pcDNA-SIRT2 group, respectively. The 0.8 pg NC and
0.8 pg SIRT2 knock-down plasmids, which were constructed
with pGPH1 vector (GenePharma, China), were transfected
into 2x 105 KLE cells. And the cells were divided into
pGPH1-NC group and pGPHI-SIRT?2 group after transfec-
tion, accordingly. The transfection was completed with the
use of HilyMax (Dojindo, Japan). The target sequences for
NC and SIRT2 were: NC, 5'-AATTCAAGTCGUGUCACG
UTT-3'; SIRT2, 5'-GATCCGAUCACCUGUAUCUATT-3'.
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At 24 h (h) after transfection, the expression of SIRT?2 in
each group was evaluated by RT-qPCR and western blot.

Sphere formation assay and extreme limiting
dilution analysis (ELDA)

To complete the sphere formation assay, the cells were cul-
tured in DMEM/F12 medium containing 2% B27, 20 ng/ml
bFGF and 20 ng/ml EGF and plated in ultra-low attachment
plates; after 7 days, the number of the spheres with diam-
eter > 50 pM was counted [16]. For ELDA, cells at differ-
ent densities (10, 100, and 1000/well) were cultured in the
medium described in the sphere formation assay and cells
at each density were cultured for 24 wells; after 7 days, the
number of wells with at least one sphere (diameter > 50 pM)
was counted and calculated by ELDA online program (http://
bioinf.wehi.edu.au/software/elda/) [16].

Flow cytometry

At 48 h after transfection, the cells were collected and
stained with Alexa Fluor® 488 Conjugated CD133 mouse
monoclonal antibody (CST, USA). After the staining, the
cells were sorted with a flow cytometer (BD, USA) and ana-
lyzed with FlowJo 7.0 (BD, USA).

Cisplatin and paclitaxel treatment

At 48 h after transfection, the cells were treated with differ-
ent concentrations of cisplatin (Sigma, USA) or paclitaxel
(Sigma, USA) for another 48 h. The concentration ranges
of cisplatin (Sigma, USA) cultured with Ishikawa cells
and KLE cells were 0-32 pM and 0-80 pM, respectively.
And the concentration ranges of paclitaxel (Sigma, USA)
cultured with Ishikawa cells and KLE cells were 0—-8 nM
and 0-80 pM. Then the cell viability was evaluated by
cell counting kit-8 (Dojindo, Japan) according to the kit’s
instruction. The relative cell viability was calculated using
the following formula: (absorbance value at each concentra-
tion/absorbance value at 0 concentration) X 100%.

Pathway detection

In the previous studies, the SIRT2 is reported to regulate the
multidrug resistance via MEK/ERK pathway in cancers [10,
17]. Meanwhile, the MEK/ERK pathway plays an important
role in the regulation of stemness and chemosensitivity in
cancers [11-14]. Therefore, the expression of MEK1, phos-
phate-MEK1 (p-MEK1), ERK1/2 and p-ERK1/2 in cells was
detected by western blot at 48 h after transfection.
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RT-qPCR

The RNA expression of SIRT2 was detected by RT-qPCR.
Briefly, total RNA was extracted using TRIzol™ Reagent
(Thermo, USA) and reversely transcribed to cDNA using
ReverTra Ace® qPCR RT Kit (Toyobo, Japan). Then, PCR
was performed using SYBR® Green Realtime PCR Master
Mix (Toyobo, Japan), from which the relative expression of
SIRT?2 was calculated with p-actin as the internal reference.
The primers sequence is listed in Supplementary Table 1.

Western blot

The protein expressions were detected by western blot.
The cells were suspended by RIPA Lysis and Extraction
Buffer (Thermo, USA) and quantified by Pierce™ BCA
Protein Assay Kit (Thermo, USA). After collecting from
the supernatant from centrifugation, the proteins underwent
electrophoresis on SDS PAGE GEL: NuPAGE Bis-Tris
Gels 4-12% (Thermo, USA), and were transferred to poly-
vinylidene fluoride membrane (PALL, USA). Then, the
membrane was incubated with primary antibodies for a night
and incubated with secondary antibodies for 1.5 h at room
temperature. The Novex™ECL Chemiluminescent Substrate
Reagent Kit (Invitrogen, USA) was used for chemilumi-
nescence, and the proteins were visualized on X-ray film
(Kodak, USA). The antibodies applied in western blot are
listed in Supplementary Table 2.

Statistical analysis

All the data in this study were expressed as mean + stand-
ard deviation. GraphPad Prism 7.01 (GraphPad, USA) was
used to analyze the data and plot the graph. Dunnett’s mul-
tiple comparisons test was used to compare the difference
between control/NC group and other groups. P value <0.05
was considered as statistically significant. Non-significant
was defined as P value > 0.05 and marked as NS.

>

The relative mRNA expression of SIRT2

0.0 B
Control  Ishikawa  AN3CA

HEC1A

KLE

Fig.1 SIRT2 expression in EC cells. The expression of SIRT2
mRNA in Ishikawa cells, AN3CA cells, HEC1A cells and KLE cells
compared with control cells (A). The expression of SIRT2 protein in

Results
Expression of SIRT2 in EC cells

The SIRT2 mRNA expression was increased in Ishikawa
cells (P <0.05), AN3CA cells (P<0.01), HECI1A cells
(P<0.001) and KLE cells (P <0.001) compared with control
cells (Fig. 1A). Similarly, the protein expression of SIRT2
was elevated in Ishikawa cells, AN3CA cells, HEC1A cells
and KLE cells than in control cells (Fig. 1B).

SIRT2 overexpression and knock-down in EC cells

Since the expression of SIRT2 was the lowest in Ishikawa
cells but the highest in KLE cells among the EC cell lines
included in this study, SIRT2 overexpression and knock-
down plasmids were transfected to Ishikawa cells and KLE
cells, respectively, for further experiments. After transfec-
tion in Ishikawa cells, the mRNA (P <0.001) (Fig. 2A) and
protein expressions (Fig. 2B) of SIRT2 in the pcDNA-SIRT2
group were increased than that in the pcDNA-NC group.
In KLE cells, the mRNA (P <0.001) (Fig. 2C) and protein
expressions (Fig. 2D) of SIRT2 were reduced in the pGPH1-
SIRT2 group compared with the pPGPH1-NC group.

The effect of SIRT2 on EC cell stemness

Sphere formation assay revealed that in Ishikawa cells,
the sphere number was higher in the pcDNA-SIRT2
group compared to the pcDNA-NC group (P <0.05)
(Fig. 3A). In KLE cells, the sphere number was lower in
the pGPH1-SIRT2 group than in the pGPH1-NC group
(P <0.05) (Fig. 3B). Besides, ELDA assay displayed
that the estimated stem cell frequency was higher (1
per 204 cells vs. 1 per 357 cells) in the pcDNA-SIRT2
group compared with the pcDNA-NC group (P =0.038)
in Ishikawa cells (Table 1). In KLE cells, the estimated

Protein expression of SIRT2 (/B-actin)

Control shikawa AN3CA HEC1A

Ishikawa cells, AN3CA cells, HEC1A cells and KLE cells compared
with control cells (B). SIRT?2 sirtuin 2, EC endometrial cancer
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Fig.2 SIRT2 expression in

EC cells after transfection. The
effect of SIRT2 overexpression
on SIRT2 mRNA (A) and pro-
tein (B) levels in Ishikawa cells.
The effect of SIRT2 knock-
down on SIRT2 mRNA (C) and
protein (D) levels in KLE cells.
SIRT? sirtuin 2, EC endometrial
cancer

Ishikawa Cells KLE Cells
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Fig.3 Effect of SIRT2 on sphere formation ability in EC cells. The effect of SIRT2 overexpression on sphere formation ability in Ishikawa cells
(A). The effect of SIRT2 knock-down on sphere formation ability in KLE cells (B). SIRT?2 sirtuin 2, EC endometrial cancer

stem cell frequency was lower (1 per 221 cells vs. 1 per
128 cells) in the pGPH1-SIRT?2 group compared with the
pGPHI1-NC group (P =0.040). In addition, the Ishikawa
CD133* cells rate in the pcDNA-SIRT2 group was higher
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than that in the pcDNA-NC group (P <0.01) (Fig. 4A,
B), while the KLE CD133" cells rate was decreased in
the pGPH1-SIRT?2 group compared with the pGPH1-NC
group (P <0.05) (Fig. 4C, D). These findings suggested
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Table 1 ELDA data Groups Limiting dilution (wells) 1/stem cell frequency P value
1000 100 10 Lower Estimate Upper
Ishikawa cells
Control 19/24 12/24 5/24 536 346 219
pcDNA-NC 18/24 13/24 6/24 562 357 227 0.038
pcDNA-SIRT2 21/24 14/24 9/24 341 204 122
KLE cells
Control 22/24 19/24 11/24 193 117 71.1
pGPH1-NC 22/24 18/24 10/24 212 128 77.0 0.040
pGPHI1-SIRT2 18/24 6/24 2/24 366 221 133.6
ELDA extreme limiting dilution analysis
Ishikawa Cells KLE Cells
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Fig.4 Effect of SIRT2 on CD133" cells rate in EC cells. The effect of SIRT2 overexpression on CD133* cell rate in Ishikawa cells (A, B). The
effect of SIRT2 knock-down on CD133" cell rate in KLE cells (C, D). SIRT? sirtuin 2, EC endometrial cancer

that SIRT?2 overexpression increased, while SIRT2 knock-
down reduced the stemness of EC cells.

The effect of SIRT2 on EC cell platinum
and paclitaxel sensitivity

In Ishikawa cells, the relative cell viability was higher in the
pcDNA-SIRT?2 group compared with the pcDNA-NC group
under 4, 8, and 16 pM cisplatin treatment (all P <0.05)
(Fig. 5A); and the relative cell viability was elevated in the
pcDNA-SIRT?2 group than in the pcDNA-NC group under 2,
4 nM paclitaxel treatment (both P <0.05) (Fig. 5B). In KLE
cells, compared with the pGPH1-NC group, the relative cell
viability was lower in the pGPH1-SIRT2 group under 10, 20,

40, and 80 pM cisplatin treatment (all P <0.05) (Fig. 5C).
Meanwhile, the relative cell viability was reduced in the
pGPH1-SIRT2 group compared with the pGPHI1-NC group
only under 40 nM paclitaxel treatment (P < 0.05) (Fig. 5D).
These data indicated that SIRT2 decreased the chemosensi-
tivity to cisplatin slightly but did not affect the chemosensi-
tivity to paclitaxel in EC cells.

The effect of SIRT2 on MEK/ERK pathway in EC cells
In Ishikawa cells, the p-MEK1 and p-ERK1/2 protein
expressions were increased in the pcDNA-SIRT2 group

than in the pcDNA-NC group (Fig. 6A). However, in KLE
cells, the p-MEK1 and p-ERK1/2 protein expressions were
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Fig.5 Effect of SIRT2 on chemosensitivity in EC cells. The effect of
SIRT2 overexpression on relative cell viability under cisplatin treat-
ment (A) and paclitaxel treatment (B) in Ishikawa cells. The effect of

decreased in the pGPH1-SIRT2 group compared with the
pGPH1-NC group (Fig. 6B). This finding suggested that
SIRT2 overexpression activated, but SIRT2 knock-down
suppressed the MEK/ERK pathway in EC cells.

Discussion

SIRT2 is functionally significant in cancer progression
as an NAD+-dependent deacetylase, but its role in can-
cers is controversial since its dual functions as tumor pro-
moter and tumor suppressor. For instance, a study reveals
that SIRT?2 suppresses the growth of NSCLC via targeting
Jumonji domain-containing protein 2A. Besides, another
study reports that inhibiting SIRT?2 facilitates p53 activa-
tion in NSCLC. These two studies suggest the controversial
role of SIRT2 on the oncogenesis of NSCLC [18, 19]. The
same debate has been raised in breast cancer when SIRT2 is
shown to shorten recurrence and death in ER-negative breast
cancer patients but prolong the tumor recurrence in ER-
positive breast cancer patients [20]. Regarding the tumor-
inhibiting role of SIRT?2, suppression of SIRT?2 inhibits cell
motility and invasiveness; besides, SIRT?2 is upregulated in
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SIRT?2 knock-down on relative cell viability under cisplatin treatment
(C) and paclitaxel treatment (D) in KLE cells. SIRT?2 sirtuin 2, EC
endometrial cancer

HCC cell lines and tissues [21]. In addition, SIRT?2 inhibi-
tor induces cell cycle arrest in colon carcinoma cells and
promotes c-myc oncoprotein degradation [22, 23]. As to EC,
there is little information on the role of SIRT2 in its tumori-
genesis. In this study, we first observed that SIRT2 was over-
expressed in EC cell lines (including Ishikawa cells, AN3CA
cells, HEC1A cells, and KLE cells) compared with controls,
which suggested that SIRT2 might act as a tumor promo-
tor in EC. Then, further experimental exploration showed
that SIRT?2 overexpression increased, while SIRT2 knock-
down reduced the sphere formation ability and CD133* cells
rate in EC cells. The above indicated that SIRT2 increased
EC cell stemness, which could be explained from various
aspects: (1) inhibition of SIRT2 was reported to induce the
differentiation of osteogenic, neuronal, and cancerous cell
differentiation [24, 25]. Thus, it was speculated that SIRT2
could facilitate the stemness of EC cells. (2) As validated
by our subsequent experiment, SIRT?2 activated the MEK/
ERK signaling pathway, which increased the expression of
stemness-associated cell-surface marker protein CD1337;
meanwhile, SIRT2 positively correlated with cell-surface
glycoprotein CD44 expression, thereby potentially inducing
invasion and metastasis, and contributing to chemoresistance
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Fig.6 Effect of SIRT2 on the
MEK/ERK pathway in EC cells.
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to cisplatin in cancer cells [26]. Despite this, the oncogenic
function of SIRT2 in EC needs to be confirmed by clinical
exploration.

Cisplatin and paclitaxel belong to the most commonly
used chemotherapy regimens for EC treatment. In addi-
tion to the influence of SIRT2 on EC cell stemness, we also
observed that SIRT2 decreased the chemosensitivity to cis-
platin in EC cells. The possible reason was that SIRT2 might
promote the adaptive response to chemotherapy-induced
stress in EC cells, thereby decreasing the chemosensitivity
[27]. SIRT2 was shown to be positively correlated with the
stemness of EC cells by our previous experiments. There-
fore, it might increase stem cell proportion in EC cells, sub-
sequently reducing sensitivity to chemotherapy. In addition,
SIRT2 might regulate the multidrug resistance via the MEK/
ERK pathway, which plays an essential role in regulating
stemness in cancers [10-14]. What’s more, ERK was known
to induce HIF1a-mediated platinum sensitivity by directly
targeting PHD?2 in ovarian cancer [13]. Hence, SIRT2 might
also activate ERK and decrease cisplatin sensitivity in EC
cells. Furthermore, the regulatory role of SIRT2 on MEK/
ERK was validated in our following exploration.

MEK/ERK signaling pathway is associated with the
malignant potential of cancer cells via regulating cell cycle
progression, stemness and drug sensitivity, whose mutation

p-ERK1/2/[ERK1/2

p-MEK1/MEK1 p-ERK1/2/ERK1/2

is also frequently observed in various cancers [28]. The
activation of the MEK/ERK signaling pathway induces the
phosphorylation of proteins (including post- transcription-
ally apoptotic regulatory molecules), and reduces sensitiv-
ity to doxorubicin and paclitaxel in cancer cells (including
breast cancer cells and HCC cells) [11, 28]. Considering that
SIRT2 regulates drug sensitivity via MEK/ERK pathway in
other cancers [10-14], and the upregulation of MEK/ERK
modulates the susceptibility, survival and the recurrence
of EC [29], we further evaluated the correlation of SIRT2
with the MEK/ERK signaling pathway in EC cells. It was
observed that SIRT2 overexpression activated, but SIRT2
knock-down suppressed MEK/ERK pathway in EC cells,
which could be attributed to that SIRT2 might activate Ras
protein via lysine defatty-acylation and subsequently activate
the downstream MEK/ERK in EC cells [30]. Seeing that
the MEK/ERK signaling pathway was associated with che-
mosensitivity in cancer cells, it could be hypothesized that
SIRT?2 might reduce chemosensitivity in EC cells via inter-
acting with the MEK/ERK signaling pathway. However, this
needed to be validated by further compensative experiments.

In conclusion, SIRT2 promotes cell stemness and acti-
vates the MEK/ERK signaling pathway while reduces che-
mosensitivity in EC, indicating its potential as a target of
EC treatment.

@ Springer



700

Archives of Gynecology and Obstetrics (2022) 305:693-701

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00404-021-06216-2.

Author contributions NZ: project development, data analysis, manu-
script editing. YG, PL, YC, YW: data collection, manuscript writing.

Funding This study was supported by Hebei Medical Science Research
Project Plan (No. 20201248).

Declarations

Conflict of interest All authors declare no conflict of interest.

Ethical approval Not applicable.

References

10.

11.

12.

13.

Moore K, Brewer MA (2017) Endometrial cancer: is this a new
disease? Am Soc Clin Oncol Educ Book 37:435-442

Brooks RA, Fleming GF, Lastra RR, Lee NK, Moroney JW,
Son CH, Tatebe K, Veneris JL (2019) Current recommendations
and recent progress in endometrial cancer. CA Cancer J Clin
69:258-279

Bestvina CM, Fleming GF (2016) Chemotherapy for endome-
trial cancer in adjuvant and advanced disease settings. Oncologist
21:1250-1259

Braun MM, Overbeek-Wager EA, Grumbo RJ (2016) Diagno-
sis and management of endometrial cancer. Am Fam Physician
93:468-474

Chang Z, Talukdar S, Mullany SA, Winterhoff B (2019) Molecular
characterization of endometrial cancer and therapeutic implica-
tions. Curr Opin Obstet Gynecol 31:24-30

Costa-Machado LF, Fernandez-Marcos PJ (2019) The sirtuin fam-
ily in cancer. Cell Cycle 18:2164-2196

Jing H, Hu J, He B, Negron Abril YL, Stupinski J, Weiser K,
Carbonaro M, Chiang YL, Southard T, Giannakakou P, Weiss
RS, Lin H (2016) A SIRT2-selective inhibitor promotes c-Myc
oncoprotein degradation and exhibits broad anticancer activity.
Cancer Cell 29:607

Huang S, Zhao Z, Tang D, Zhou Q, Li Y, Zhou L, Yin Y, Wang Y,
Pan Y, Dorfman RG, Ling T, Zhang M (2017) Downregulation of
SIRT? inhibits invasion of hepatocellular carcinoma by inhibiting
energy metabolism. Transl Oncol 10:917-927

Luo J, Bao YC, Ji XX, Chen B, Deng QF, Zhou SW (2017) Cor-
rigendum to “SPOP promotes SIRT2 degradation and suppresses
non-small cell lung cancer cell growth” [Biochem. Biophys. Res.
Commun. 483 (2017) 880-884]. Biochem Biophys Res Commun
486:57

Xu H, Li Y, Chen L, Wang C, Wang Q, Zhang H, Lin Y, Li Q,
Pang T (2016) SIRT2 mediates multidrug resistance in acute
myelogenous leukemia cells via ERK1/2 signaling pathway. Int J
Oncol 48:613-623

Ding K, Liao Y, Gong D, Zhao X, Ji W (2018) Effect of long non-
coding RNA H19 on oxidative stress and chemotherapy resistance
of CD133+ cancer stem cells via the MAPK/ERK signaling path-
way in hepatocellular carcinoma. Biochem Biophys Res Commun
502:194-201

Salaroglio IC, Mungo E, Gazzano E, Kopecka J, Riganti C (2019)
ERK is a pivotal player of chemo-immune-resistance in cancer.
Int J Mol Sci 20:2505

Li Z, Zhou W, Zhang Y, Sun W, Yung MMH, Sun J, Li J, Chen
CW, LiZ, Meng Y, Chai J, Zhou Y, Liu SS, Cheung ANY, Ngan

@ Springer

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

217.

28.

HYS, Chan DW, Zheng W, Zhu W (2019) ERK regulates HIF1al-
pha-mediated platinum resistance by directly targeting PHD2 in
ovarian cancer. Clin Cancer Res 25:5947-5960

. Ciccarelli C, Vulcano F, Milazzo L, Gravina GL, Marampon F,

Macioce G, Giampaolo A, Tombolini V, Di Paolo V, Hassan HJ,
Zani BM (2016) Key role of MEK/ERK pathway in sustaining
tumorigenicity and in vitro radioresistance of embryonal rhabdo-
myosarcoma stem-like cell population. Mol Cancer 15:16

Wei R, He D, Zhang X (2018) Role of SIRT2 in regulation of
stemness of cancer stem-like cells in renal cell carcinoma. Cell
Physiol Biochem 49:2348-2357

Wei L, Liu Y, Ma Y, Ding C, Zhang H, Lu Z, Gu Z, Zhu C
(2019) C-X-C chemokine receptor 2 correlates with unfavorable
prognosis and facilitates malignant cell activities via activating
JAK2/STAT3 pathway in non-small cell lung cancer. Cell Cycle
18:3456-3471

Karwaciak I, Salkowska A, Karas K, Sobalska-Kwapis M, Walc-
zak-Drzewiecka A, Pulaski L, Strapagiel D, Dastych J, Ratajewski
M (2019) SIRT2 contributes to the resistance of melanoma cells
to the multikinase inhibitor dasatinib. Cancers 11:673

Xu W, Jiang K, Shen M, Qian Y, Peng Y (2015) SIRT2 suppresses
non-small cell lung cancer growth by targeting JMJD2A. Biol
Chem 396:929-936

. Hoffmann G, Breitenbucher F, Schuler M, Ehrenhofer-Murray AE

(2014) A novel sirtuin 2 (SIRT?2) inhibitor with p53-dependent
pro-apoptotic activity in non-small cell lung cancer. J Biol Chem
289:5208-5216

McGlynn LM, Zino S, MacDonald Al, Curle J, Reilly JE, Moham-
med ZM, McMillan DC, Mallon E, Payne AP, Edwards J, Shiels
PG (2014) SIRT2: tumour suppressor or tumour promoter in oper-
able breast cancer? Eur J Cancer 50:290-301

Chen J, Chan AW, To KF, Chen W, Zhang Z, Ren J, Song C,
Cheung YS, Lai PB, Cheng SH, Ng MH, Huang A, Ko BC (2013)
SIRT2 overexpression in hepatocellular carcinoma mediates
epithelial to mesenchymal transition by protein kinase B/glyco-
gen synthase kinase-3beta/beta-catenin signaling. Hepatology
57:2287-2298

Cheon MG, Kim W, Choi M, Kim JE (2015) AK-1, a specific
SIRT?2 inhibitor, induces cell cycle arrest by downregulating
Snail in HCT116 human colon carcinoma cells. Cancer Lett
356:637-645

Jing H, Hu J, He B, Negron Abril YL, Stupinski J, Weiser K,
Carbonaro M, Chiang YL, Southard T, Giannakakou P, Weiss
RS, Lin H (2016) A SIRT2-selective inhibitor promotes c-Myc
oncoprotein degradation and exhibits broad anticancer activity.
Cancer Cell 29:297-310

Gao CX, Chen B, Xie HK, Han CN, Luo J (2019) Immunohis-
tochemistry and clinical value of sirtuin 2 in non-metastasized
non-small cell lung cancer. J Thorac Dis 11:3973-3979

Zhang Z, Zhou Y, Qian H, Shao G, Lu X, Chen Q, Sun X, Chen D,
Yin R, Zhu H, Shao Q, Xu W (2013) Stemness and inducing dif-
ferentiation of small cell lung cancer NCI-H446 cells. Cell Death
Dis 4:e633

Kashyap T, Pramanik KK, Nath N, Mishra P, Singh AK, Nagini S,
Rana A, Mishra R (2018) Crosstalk between Raf-MEK-ERK and
PI3K-Akt-GSK3beta signaling networks promotes chemoresist-
ance, invasion/migration and stemness via expression of CD44
variants (v4 and v6) in oral cancer. Oral Oncol 86:234-243
Zhang JG, Hong DF, Zhang CW, Sun XD, Wang ZF, Shi Y, Liu
JW, Shen GL, Zhang YB, Cheng J, Wang CY, Zhao G (2014)
Sirtuin 1 facilitates chemoresistance of pancreatic cancer cells
by regulating adaptive response to chemotherapy-induced stress.
Cancer Sci 105:445-454

McCubrey JA, Steelman LS, Chappell WH, Abrams SL, Wong
EW, Chang F, Lehmann B, Terrian DM, Milella M, Tafuri A, Sti-
vala F, Libra M, Basecke J, Evangelisti C, Martelli AM, Franklin


https://doi.org/10.1007/s00404-021-06216-2

Archives of Gynecology and Obstetrics (2022) 305:693-701 701

RA (2007) Roles of the Raf/MEK/ERK pathway in cell growth, Publisher's Note Springer Nature remains neutral with regard to
malignant transformation and drug resistance. Biochim Biophys jurisdictional claims in published maps and institutional affiliations.
Acta 1773:1263-1284
29. LuwoL, XuL, Tang L (2017) The expression of ER, PR in endome-
trial cancer and analysis of their correlation with ERK signaling
pathway. Cancer Biomark 21:145-149
30. Jing H, Zhang X, Wisner SA, Chen X, Spiegelman NA, Linder
ME, Lin H (2017) SIRT2 and lysine fatty acylation regulate the
transforming activity of K-Ras4a. Elife 6:€32436

@ Springer



	Sirtuin 2 promotes cell stemness and MEKERK signaling pathway while reduces chemosensitivity in endometrial cancer
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Cell culture
	Transfection
	Sphere formation assay and extreme limiting dilution analysis (ELDA)
	Flow cytometry
	Cisplatin and paclitaxel treatment
	Pathway detection
	RT-qPCR
	Western blot
	Statistical analysis

	Results
	Expression of SIRT2 in EC cells
	SIRT2 overexpression and knock-down in EC cells
	The effect of SIRT2 on EC cell stemness
	The effect of SIRT2 on EC cell platinum and paclitaxel sensitivity
	The effect of SIRT2 on MEKERK pathway in EC cells

	Discussion
	References




