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Abstract

strategies for patients with EC.

Background Endometrial cancer (EC) presents significant clinical challenges due to its heterogeneity and complex
pathophysiology. SAMHD1, known for its role as a deoxynucleotide triphosphate triphosphohydrolase, has been
implicated in the progression of various cancers, including EC. This study focuses on elucidating the role of SAMHD1
in EC through its impact on TRIM27-mediated PTEN ubiquitination.

Results Utilizing a combination of bioinformatics and cellular biology techniques, we investigated the interactions
among SAMHD1, TRIM27, and PTEN. Our findings reveal that SAMHD1 modulates PTEN ubiquitination via TRIM27,
impacting key pathways involved in EC pathogenesis. These interactions suggest a critical mechanism by which
SAMHD1 could influence tumor behavior and progression in EC.

Conclusions The results from this study underscore the potential of targeting the SAMHD1-TRIM27-PTEN axis as a
therapeutic strategy in EC. By providing new insights into the molecular mechanisms underlying EC progression, our
research supports the development of novel therapeutic approaches that could contribute to improve treatment
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Background

Endometrial cancer (EC) is one of the most common
gynecological malignancies worldwide, with its incidence
steadily increasing, posing a significant threat to women’s
health [1]. Similar to many other cancers, the occur-
rence and progression of EC result from the combined
effects of multiple genes, cellular pathways, and factors
[2, 3]. Patients with EC have various treatment options
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to choose from, some of which are standard therapies
(currently commonly used treatments), while others are
in clinical trial phases. The standard treatments cur-
rently utilized include surgery, radiation therapy, chemo-
therapy, hormone therapy, and biological therapy [4-7].
Although significant progress has been made in the pre-
vention, diagnosis, and treatment of EC, the treatment
outcomes are still not satisfactory due to its complex
molecular mechanisms and various molecular subtypes
[8]. Therefore, it is crucial to conduct in-depth research
on the pathogenesis of EC and key molecular regulatory
networks. This research can provide new biomarkers for
early diagnosis and prognostic assessment of EC, as well
as potentially pave the way for targeted therapies [9].

In recent years, researchers have been increasingly
focusing on the role of molecules and proteins associ-
ated with cancer. SAMHDI1 has undoubtedly become a
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hot research subject [10-12]. SAMHDI, short for sterile
alpha motif domain and histidine/aspartate-rich domain-
containing protein 1, is a ANTP hydrolase involved in
various biological processes, including DNA damage
repair, cell cycle regulation, and immune response [13,
14]. Recent studies have found that SAMHD1 undergoes
significant changes in expression and function in various
types of cancer, suggesting that it may play a key role in
the onset and progression of cancer [10].

In addition to the well-known functions of SAMHDI1,
TRIM27 and PTEN are also crucial molecules in cancer
research [15, 16]. TRIM27, an E3 ubiquitin ligase, plays
a key role in the ubiquitination process that regulates
protein stability and activity, thereby impacting various
cellular processes [17]. Previous studies have suggested
that TRIM27 promotes the PI3K/AKT signaling pathway
by interacting with phosphatases and reducing PTEN
activity [15, 18]. PTEN is a critical tumor suppressor, and
its inactivation or mutation is frequently linked to the
development and progression of multiple cancer types,
including endometrial, prostate, and lung cancers [2, 3,
19]. Consequently, it is hypothesized that SAMHD1 may
influence cancer progression by modulating TRIM27-
mediated ubiquitination of PTEN, affecting cancer cell
proliferation, migration, and invasion.

Against this backdrop, our study aims to thoroughly
investigate the impact of SAMHD1-regulated TRIM27-
mediated PTEN ubiquitination on the occurrence and
progression of EC. Leveraging state-of-the-art bioinfor-
matics techniques and cell biology methods, we seek to
elucidate the relationships between SAMHD1, TRIM27,
and PTEN, and their roles in EC. Through this research,
we have uncovered the association between SAMHDI1-
regulated TRIM27-mediated PTEN ubiquitination and
EC, paving the way for novel targeted strategies for EC
treatment to enhance therapeutic outcomes and patients’
quality of life, which carries significant scientific and clin-
ical implications. Furthermore, we have delved into the
key molecular regulatory networks underlying the patho-
genesis of EC, potentially providing new biomarkers for
early diagnosis and prognosis assessment of EC, as well
as opening avenues for targeted EC therapies.

Results

SAMHD1 promotes the proliferation, migration, and
invasion of EC cells

Previous studies have shown that SAMHD]1 is oncogenic
in leukemia, breast, ovarian, and non-small cell lung can-
cer [20, 21]. A study by An et al. [22] has reported that
SAMHDI1 can induce intracellular FAK signaling to pro-
mote the migration of human renal clear cell carcinoma
through the activation of Racl-mediated lamellipodia
formation. Additionally, SAMHDI1 is highly expressed
in various cancer cells. However, the precise mechanism
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of SAMHDI1 in EC remains unclear. We analyzed the
ENCORI database and found that SAMHD1 expression
levels are higher in EC samples from TCGA. Addition-
ally, based on datasets from GSE17025 and GSE63678,
we also found higher expression of SAMHDI1 in EC
(Fig. 1A).

In this study, we detected the expression of SAMHD1
in EC cell lines. The results showed that the expression
of SAMHD1 was higher in four EC cell lines (KLE, HEC-
1-B, RL95-2, Ishikawa) compared to the normal immor-
talized endometrial stromal cell line SHT290. Among
them, SAMHDI1 expression was higher in the HEC-1-B
cell lines and lower in the Ishikawa, KLE and RL95-2 cell
lines (Fig. 1B). Therefore, we chose the Ishikawa cell line
for overexpression of the SAMHD1 gene and the HEC-
1-B cell line for silencing the SAMHDI1 gene. The over-
expression efficiency of oe-SAMHDI1 in the Ishikawa
cell line was confirmed by qRT-PCR and Western blot
(Fig. 1C-D). Cell proliferation was detected by CCK8
assay, and it was found that overexpression of SAMHD1
promoted the proliferation of EC cells (Fig. 1E).

Similarly, qRT-PCR and Western blot validated the
efficiency of silencing the SAMHD1 gene in HEC-1-B
cells using different shRNA sequences. Due to the high
knockout efficiency of shRNA#2, we ultimately selected
shRNA#2 as the experimental object (Fig. 1F-G). Vali-
dation of sh-SAMHDI1-2 and sh-SAMHDI1-3 was per-
formed using the CCK-8 method. The results indicate
that sh-SAMHD1-3 has a minor effect on cell prolifera-
tion, while sh-SAMHD1-2 significantly influences cell
proliferation. It was observed that silencing SAMHD1
can inhibit the proliferation of EC cells (Fig. 1H). Cell
migration was assessed using a scratch assay, and it was
found that overexpression of SAMHDI1 promoted the
migration and invasion of EC cells Ishikawa (Fig. 1I-]).
Western blot results showed a significant increase in the
expression of N-cad, Vim, Twist, and Snail, while E-cad
expression was reduced (Fig. 1K). Silencing SAMHD1
inhibited HEC-1-B and KLE EC cell migration and inva-
sion (Fig. 1L-M). Western blot results showed a signifi-
cant decrease in the expression of N-cad, Vim, Twist,
and Snail, while E-cad expression increased after silenc-
ing SAMHDI1 (Fig. 1N). To further validate the role of
SAMHD]1, we selected the SAMHD]1 inhibitor TH6342
to assess the migration, invasion, and expression of asso-
ciated proteins in HEC-1-B cells. The results demon-
strate a marked inhibition of migration and invasion in
HEC-1-B cells upon treatment with TH6342 (Fig. 10).
Moreover, the expression levels of N-cadherin, Vimentin,
Twist, and Snail were significantly reduced, while E-cad-
herin expression was enhanced in the TH6342 inhibitor-
treated group (Fig. 1P). These findings align with the
outcomes of SAMHDI silencing.
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Fig. 1 (See legend on next page.)

SAMHD1 promotes EC cell tumorigenesis in nude mice

To investigate the effect of SAMHDI1 on the in vivo
growth of EC cells, we stably overexpressed SAMHD1
(0e-SAMHDI1) in Ishikawa cells and stably silenced
SAMHD]1 (sh-SAMHD]1) in HEC-1-B cells, along with
corresponding control groups (oe-NC and sh-NC). These

cells were then implanted into nude mice for subcutane-
ous tumor formation experiments. Analysis of tumor size
and weight in each group revealed that compared to the
oe-NC group, the tumor volume and weight were sig-
nificantly increased in the oe-SAMHD1 group. On the
other hand, compared to the sh-NC group, the tumor
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(See figure on previous page.)

Fig. 1 The effects of overexpression or silence of SAMHD1 on the proliferation, migration, and invasion abilities of endometrial cancer cells Note (A) In
the TCGA, GSE17025, and GSE63678 datasets, the expression of SAMHD1 in endometrial cancer samples, ovarian cancer, and SAMHD1 expression in
cancer-adjacent samples was examined. The TCGA and GSE17025 data were both normalized using TPM, while the GSE63678 data was normalized using
FPKM; (B) Western blot detection of SAMHD?1 expression in different endometrial cancer cell lines; (C) gRT-PCR detection of the efficiency of SAMHD1
overexpression; (D) Western blot detection of SAMHD1 expression in stable SAMHD1 overexpressing endometrial cancer cell lines; (E) CCK8 assay to
assess the proliferation capacity of SAMHD1 overexpressing cell lines; (F) gRT-PCR detection of the efficiency of SAMHD1 knockdown; (G) Western blot
detection of SAMHD1 expression in stable SAMHD1 knockdown endometrial cancer cell lines; (H) CCK8 assay to assess the proliferation capacity of
SAMHD?1 knockdown cells; (I) Scratch assay to assess the migration ability of Ishikawa cell line overexpressing SAMHDT1; (J) Transwell assay to assess the
invasion ability of Ishikawa cell line overexpressing SAMHD1; (K) Western blot detection of EMT-related proteins; (L) Scratch assay to assess the migration
ability of SAMHD1 knockdown cells; (M) Transwell assay to assess the invasion ability of SAMHD1 knockdown cells (50 um); (N) Western blot detection of
EMT-related proteins; (0) Migration and invasion assay of HEC-1-B cells treated with SAMHD1 inhibitor TH6342; (P) Western blot analysis of EMT-related
proteins (N-cadherin, Vimentin, Twist, Snail, E-cadherin) in TH6342-treated HEC-1-B cells. (The statistical analysis employed mean =+ standard deviation
representation. For comparing two groups, an independent samples t-test was used, while one-way ANOVA was utilized for comparing three or more
groups. Data from different time points were analyzed using two-way ANOVA. *'indicates statistical significance compared to the oe-NC or sh-NC group,

where P<0.05 signifies a significant difference. The experiments were repeated three times.)

volume and weight were significantly decreased in the
sh-SAMHD1 group (Fig. 2A-B). qRT-PCR analysis of
SAMHD1 mRNA expression in the subcutaneous tumor
tissues showed that compared to the oe-NC group,
SAMHD1 mRNA expression was significantly increased
in the oe-SAMHD1 group.

Similarly, compared to the sh-NC group, SAMHD1
mRNA expression was significantly decreased in the sh-
SAMHD1 group (Fig. 2C). Results from H&E staining
showed increased tumor tissue formation and denser
morphology in the SAMHDI1 overexpression group while
silencing SAMHDI1 resulted in decreased tumor tis-
sue formation (Fig. 2D). Tunel analysis of cell apoptosis
demonstrated that compared to the oe-NC group, tumor
cell apoptosis was reduced in the oe-SAMHDI1 group. In
contrast, compared to the sh-NC group, tumor cell apop-
tosis was increased in the sh-SAMHDI1 group (Fig. 2E).
Immunohistochemical staining with Ki67 showed a sig-
nificantly increased proliferation rate of tumor cells in
the oe-SAMHDI1 group compared to the oe-NC group.
Additionally, the sh-SAMHD1 group exhibited a signifi-
cantly decreased proliferation rate of tumor cells com-
pared to the sh-NC group (Fig. 2F).

SAMHD1 plays a role in promoting the occurrence and
development of EC through the activation of the PI3K/AKT
signaling pathway

Due to the fact that EC mostly originates from epithelial
cells and the epithelial-mesenchymal transition (EMT)
process plays a crucial role in the migration and invasion
of epithelial-derived tumors [23, 24], we conducted qRT-
PCR and Western blot analysis of EMT-related molecules
in Ishikawa cells. The results revealed that overexpres-
sion of SAMHD]1 decreased the expression of E-cadherin
(E-cad) and increased the expression of N-cadherin
(N-cad), vimentin (Vim), Twist, and the zinc finger tran-
scription factor Snail (Fig. 3A-B). Conversely, silencing
SAMHDI1 in HEC-1-B cells produced opposite results
(Fig. S1A-B), suggesting that SAMHDI1 promotes cancer
progression through the EMT process.

To further investigate the specific molecular mecha-
nisms by which SAMHDI1 regulates the EMT process,
we selected the PI3K and AKT signaling pathways, which
are associated with the migration and invasion of EC,
based on a literature review [25, 26], and examined the
molecules related to these pathways. The results showed
that in Ishikawa cells overexpressing SAMHDI, the
expression of phosphorylated PI3K and AKT increased
(Fig. 3C), while in HEC-1-B cells with silenced SAMHD]1,
the expression of phosphorylated PI3K and AKT
decreased (Fig. S1C).

To demonstrate that SAMHDI1 mediates EC occur-
rence and progression through the PI3K/AKT signaling,
we treated HEC-1-B cells with 740 Y-P (PI3K activa-
tor) and SC-79 (AKT activator) on the basis of silenced
SAMHDI1. Western blot analysis revealed that upon
PI3K/AKT activation, the phosphorylation of PI3K and
AKT increased, restoring the decreased expression
of N-cad, Vim, Twist, and Snail, and enhancing E-cad
expression induced by SAMHDI1 silencing (Fig. 4A).
Moreover, PI3K/AKT activation could reverse the inhi-
bition of EC cell proliferation, migration, and invasion
caused by silenced SAMHDI1 (Fig. 4B-D). In conclusion,
our findings indicate that silencing SAMHD]1 affects EC
development by inhibiting the activation of the PI3K-
AKT signaling pathway, which can be replaced by PI3K-
AKT activators.

SAMHD1 activates the PI3K/AKT signaling pathway by
inhibiting PTEN activity

To delve into the underlying mechanisms through which
SAMHDI1 regulates the activation of the PI3K/AKT
pathway, we conducted a literature review and found
an association between SAMHDI1 and PTEN in THP-1
cells [27]. PTEN, a critical regulator of the PI3K/AKT
pathway, inhibits the conversion of PIP2 to PIP3 [16,
28]. Therefore, we investigated the relationship between
SAMHDI1 and PTEN. Western blot analysis revealed a
significant increase in the expression levels of SAMHD1
and PTEN in the oe-SAMHD1 group compared to the
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volume of subcutaneously transplanted tumors in each group were observed; (B) The weight of subcutaneously transplanted tumors in each group was
measured; (C) Expression of SAMHD1 in subcutaneously transplanted tumors of each group was detected by gRT-PCR; (D) Morphology of subcutane-
ously transplanted tumors in each group was assessed by H&E staining; (E) The rate of cell apoptosis in subcutaneously transplanted tumors of each
group was determined by TUNEL staining; (F) Expression of Ki67 protein in subcutaneously transplanted tumors of each group was detected by Ki67
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oe-NC group, while a marked decrease in the expres-
sion levels of SAMHDI1 and PTEN was observed in the
sh-SAMHD1 group (Fig. 5A). Furthermore, immuno-
precipitation experiments demonstrated the interaction
between SAMHDI1 and PTEN, showing an increase in
PTEN levels when SAMHD1 was immunoprecipitated
(Fig. 5B).

To investigate the potential regulatory role of SAMHD1
in modulating the PTEN-mediated PI3K/AKT signaling

pathway, our experiments involving overexpression of
SAMHDI1 revealed that co-overexpression of PTEN
exhibited inhibitory effects on the phosphorylation of
PIP2, thereby suppressing its conversion to PIP3. This
subsequently led to the enhanced phosphorylation of
PI3K and AKT (p-PI3K, p-Akt) (Fig. 5C).

The protein-protein interaction between SAMHDI1
and PTEN leads to the activation of the PI3K/AKT sig-
naling pathway, indicating that SAMHDI1 can indirectly
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regulate the activation of the PI3BK/AKT signaling path-
way through PTEN.

SAMHD1 inhibits PTEN phosphatase activity by regulating
PTEN ubiquitination mediated by TRIM27

Next, we want to investigate the specific mechanism by
which SAMHD]1 regulates PTEN. Ubiquitination is one
of the most important ways to regulate PTEN activity,
and there are already many studies suggesting that PTEN
is subjected to ubiquitination modification, which affects
its expression and function [29-31]. Therefore, we specu-
late that SAMHDI may indirectly affect the ubiquitina-
tion process of PTEN.

The ubiquitination levels of PTEN were assessed in
the normal immortalized endometrial stromal cell line
SHT290 and the EC cell line HEC-1-B. The results indi-
cated a significant reduction in PTEN ubiquitination
levels in the EC cell line HEC-1-B compared to the nor-
mal immortalized endometrial stromal cell line SHT290
(Fig. 6A).

By examining the effect of SAMHDI1 on the ubiq-
uitination of PTEN in HEC-1-B cells, it was found that
SAMHDI1 significantly enhanced the ubiquitination
modification of PTEN (Fig. 6B). Further investigation
into the types of ubiquitin modifications on PTEN influ-
enced by SAMHDI revealed that the most common

ubiquitin modifications were K48-link (Ub-k48) and K63-
link (Ub-ké63), which respectively participate in protein
degradation and protein stability regulation processes
[32-34]. However, our experimental results showed that
SAMHDI1 does not affect the Ub-k48 and Ub-k63 ubig-
uitination modifications of PTEN. This result suggests
that SAMHDI does not regulate the function of PTEN by
mediating its degradation or inhibiting its protein stabil-
ity (Fig. 6C).

TRIM27 has been reported to regulate the phospha-
tase activity of PTEN through K27-link (Ub-k27) ubiq-
uitination, and the phosphatase activity of PTEN is an
important factor in regulating PI3K/AKT [18]. When
analyzing the ENCORI database, it was found that
TRIM27 is highly expressed in TCGA EC (Fig. 6D). So,
does SAMHD1 participate in PTEN’s Ub-k27 ubiquiti-
nation? Our experimental results showed that SAMHD1
can enhance the Ub-k27 ubiquitination of PTEN
(Fig. 6E).

To further investigate how SAMHDI1 regulates
the Ub-k27 ubiquitination modification of PTEN,
we explored the relationship between SAMHDI1 and
TRIM27. Analysis through the ENCORI database
revealed a weak positive correlation in the expres-
sion of SAMHDI1 and TRIM27 in TCGA EC samples
(Fig. 6-F). Subsequently, we experimentally validated
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their correlation. Initially, co-transfecting EC cells with
plasmids overexpressing SAMHD1 and TRIM27, we
observed a positive correlation between the protein lev-
els of TRIM27 and SAMHDI, alongside enhanced PTEN
Ub-k27 ubiquitination modification, indicating that
SAMHD1 may promote PTEN Ub-k27 ubiquitination
through upregulating TRIM27 expression (Fig. 6G-H).
Furthermore, we validated cell proliferation using the
CCK-8 method. The results indicate a significant impact
on cell proliferation by si-TRIM27-2. Subsequently, we
conducted ubiquitination detection on TRIM27-silenced
cells, with si-TRIM27-2 showing the most effective
silencing effect. Hence, si-TRIM27-2 was chosen for sub-
sequent experiments (Fig. 6I-]). By inhibiting ubiquitin-
proteasome degradation with MG132, the ubiquitination
detection results showed that silencing TRIM27 sup-
pressed the Ub-K27 ubiquitination of PTEN, indicating

that SAMHD]1 regulates PTEN Ub-K27 ubiquitination
through TRIM27 (Fig. 6K). Subsequently, ubiquitinated
and non-ubiquitinated PTEN were immunopurified from
cells (Fig. 6L). Following incubation of cells with different
concentrations of purified ubiquitinated and non-ubiqui-
tinated PTEN for 24 h, phosphatase activity was assessed
by ELISA to measure PIP2 accumulation. The results
revealed a significant decrease in phosphatase activity
of ubiquitinated PTEN, leading to a further reduction
in PIP2 levels due to increased ubiquitination of PTEN
(Fig. 6M). Building on the earlier findings (Fig. 6L), over-
expression of SAMHDI1 was shown to elevate ubiqui-
tinated PTEN protein levels. Combining these results
with those in Fig. 6M, we conclude that SAMHD1 modu-
lates PTEN phosphatase activity through ubiquitination,
thereby regulating the PI3K/AKT signaling pathway to
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promote proliferation, migration, and invasion of EC
cells.

Intratumoral transplantation experiments confirmed that
knocking out SAMHD1 inhibits tumor progression by
suppressing the PTEN/PI3K/AKT pathway
To investigate whether the SAMHDI1-mediated upregu-
lation of TRIM27 promotes PTEN ubiquitination at
K27 and facilitates the progression of EC, we estab-
lished a xenograft mouse model of EC. We knocked out
SAMHD]1 in the human EC cell line HEC-1-B and trans-
planted it subcutaneously into nude mice. The nude mice
were divided into the following groups: (1) sh-NC; (2)
sh-SAMHD1; (3) sh-NC+740 Y-P (PI3K activator)/SC-79
(AKT activator); (4) sh-SAMHD1+740 Y-P/SC-79.
Within 20 days after tumor transplantation, the tumor
growth curve results showed (Fig. 7A) that compared
to the NC group, the tumor growth was significantly
inhibited in the sh-SAMHD1 group (*), while the tumor
growth was promoted in the sh-SAMHD1+740 Y-P/
SC-79 group compared to the sh-SAMHDI1 group (#),
suggesting that the activation of PI3K/AKT could pro-
mote tumor growth. After removing the tumors, they
were photographed and weighed (Fig. 7B-C). Compared
to the sh-NC group, the tumor size and weight were sig-
nificantly reduced in the sh-SAMHDI1 group, while they
were significantly increased in the sh-SAMHDI1+740
Y-P/SC-79 group compared to the sh-SAMHD1 group.
The apoptotic status of tumor cells was analyzed by
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TUNEL assay, which showed that compared to the sh-NC
group, tumor cell apoptosis was significantly increased
in the sh-SAMHD1 group, while it was significantly
decreased in the sh-SAMHD1+740 Y-P/SC-79 group
compared to the sh-SAMHDI group (Fig. 7D). Immuno-
histochemistry staining for Ki67 showed that compared
to the NC group, the proliferation rate of tumor cells was
significantly reduced in the sh-SAMHDI1 group, while
it was significantly increased in the sh-SAMHD1+740
Y-P/SC-79 group compared to the sh-SAMHDI1 group
(Fig. 7E). These findings indicate that the knockdown
of SAMHDI1 can significantly inhibit tumor growth in
vivo, but the tumor growth inhibitory effect caused by
SAMHDI1 can be reversed by providing a PI3K and AKT
agonist (740 Y-P/SC-79).

The Western blot results of tumor tissue (Fig. 7F-G)
showed that compared to the NC group, the sh-SAMHD1
group had significantly decreased TRIM27, significantly
reduced PTEN ubiquitination, and suppressed phosphor-
ylation of the PI3K/AKT pathway. However, when PI3K/
AKT activators were administered in the context of sh-
SAMHD]I, they did not significantly impact the expres-
sion levels of TRIM27 and PTEN but instead promoted
the activation of the PI3BK/AKT pathway. The in vivo
tumor transplantation experiment further confirmed
that knocking out SAMHD1 suppressed tumor progres-
sion, primarily by downregulating TRIM27. Moreover,
the inhibition of PISBK/AKT activity was linked to the
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Fig. 7 SAMHD1 knockout inhibits tumor progression by suppressing the PTEN/PI3K/AKT pathway Note (A) Tumor growth curve of HEC-1-B tumor-
bearing mice; (B) Tumor size; (C) Tumor weight statistics; (D) Tunel staining for apoptosis level in tumor tissue (scale bar =50 um); (E) Ki67 staining for
proliferation level in tumor tissue (scale bar =50 pm); (F-G) Western blot for expression of tumor-related proteins in tumor tissue. N=6. For multiple group
data, one-way analysis of variance was conducted, with pairwise comparisons between groups analyzed using Tukey’s test. Tumor volume data at dif-
ferent time points were analyzed using repeated measures analysis of variance. (* in purple indicates comparison with shNC, p <0.05; * in blue indicates
comparison with shSAMHD1, p <0.05)
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reduced ubiquitination of PTEN, which subsequently
enhanced PTEN phosphatase activity.

Discussion

Previous studies have demonstrated that SAMHDI is
highly expressed in various cancers, including endome-
trial cancer (EC), where it is associated with the malig-
nant phenotype of EC cells [35]. Our findings align with
these studies, further supporting the significant role of
SAMHD1 in cancer progression [10]. However, it is cru-
cial to recognize that the specific mechanisms and regu-
latory networks of SAMHDI in EC may differ from those
in other cancers, warranting further investigation [10].
SAMHD1 likely engages in complex interactions with
various proteins and signaling pathways, which might be
unique to EC [36].

With the growing application of big data in biomedi-
cal research, databases such as TCGA and GEO have
become indispensable tools for comprehensive cancer
gene expression analysis [37]. Compared to traditional
studies that rely on single datasets or small-scale labora-
tory samples, multi-database analysis offers larger sample
sizes and enhances the reliability and generalizability
of the results [38]. In our study, we effectively utilized
these databases to identify a strong association between
SAMHD1 and EC, showcasing the great potential of data
mining in uncovering novel insights into cancer biology.

Our research also highlights the relationship between
SAMHDI1 and TRIM27-mediated PTEN ubiquitination,
a connection that has been rarely explored in the litera-
ture [10]. Previous research has indicated that TRIM27 is
involved in promoting PI3K/AKT signaling by interact-
ing with phosphatases and reducing the activity of PTEN
[15, 18]. Our findings expand on this knowledge by dem-
onstrating that SAMHDI1 positively regulates TRIM27-
mediated PTEN ubiquitination, further influencing the
downstream PI3K/AKT signaling pathway. This discov-
ery provides new insights into the ubiquitination regula-
tion mechanism of SAMHDI1.

Interestingly, our study revealed that SAMHD]1 primar-
ily modulates the phosphatase activity of PTEN through
Ub-k27 ubiquitination, while it does not affect Ub-k48
and Ub-k63 ubiquitination. This suggests a specific
regulatory mechanism by which SAMHDI1 modulates
PTEN function, highlighting the potential for targeted
therapeutic strategies in EC. Additionally, while we
hypothesize that there might be an interaction between
SAMHDI1 and TRIM27, further evidence is required to
confirm this.

The activation of the PI3K/AKT signaling pathway is
closely associated with the progression and worsening of
various cancers, including EC [39]. Our study contributes
to this understanding by showing that SAMHD1 over-
expression can indirectly activate this pathway, although
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there are some discrepancies with previous research find-
ings [40, 41]. These discrepancies might be due to differ-
ences in cancer cell types or other unidentified factors.
Nonetheless, our results indicate that silencing SAMHD1
reduces the expression of PI3K and AKT signaling com-
ponents, suggesting that modulating SAMHD1 expres-
sion could be a viable strategy for inhibiting EC cell
proliferation, migration, and invasion.

In conclusion, our research underscores the critical role
of the PIBK/AKT signaling pathway in EC development
and progression. By elucidating the regulatory relation-
ship between SAMHD1, TRIM27-mediated PTEN ubiq-
uitination, and the PI3K/AKT pathway, we propose novel
targeted strategies for EC treatment that could improve
therapeutic efficacy and enhance patients’ quality of life.
Additionally, our study offers new markers for early diag-
nosis and prognosis assessment, potentially paving the
way for innovative therapies for EC.

The activation of the PI3K/AKT signaling pathway is
closely associated with the progression and deterioration
of various cancers [39]. Our study revealed that overex-
pression of SAMHDI1 can indirectly activate this signal-
ing pathway, showing some discrepancies from previous
research findings [40, 41]. These discrepancies may arise
from the type of cancer, cell specificity, or other as yet
unidentified factors. Furthermore, silencing SAMHD1
led to a reduction in the expression of the PI3K and AKT
signaling pathways. Activation of PI3K/AKT effectively
inhibits proliferation, migration, and invasion of EC cells.
We hypothesize that modulating the overexpression of
SAMHD1 by silencing the PI3K/AKT signaling pathway
may be beneficial in suppressing the proliferation, migra-
tion, and invasion of EC cells, but this requires further
validation. In conclusion, the activation of the PI3K/
AKT signaling pathway holds significant importance in
the occurrence and development of EC. Through this
research, we discovered that SAMHDI1 regulates the
relationship between TRIM27-mediated PTEN ubiqui-
tination modification and EC, providing novel targeted
strategies for EC treatment to improve therapeutic effi-
cacy and patients’ quality of life, with significant scien-
tific and clinical implications. Additionally, an in-depth
exploration of the key molecular regulatory networks of
EC not only offers new markers for early diagnosis and
prognosis assessment of EC but also potentially paves the
way for novel targeted therapies for EC.

We also validated the impact of SAMHDI1 on EC using
a xenograft mouse model. In comparison to studies
solely based on cell culture experiments, animal models
can provide more realistic evidence of biological effects
(Fig. 8). Of course, no model can completely replicate the
human environment, yet validating the function of genes
in vivo is invaluable.
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Fig. 8 SAMHD1 regulates the molecular mechanism of PTEN ubiquitination mediated by TRIM27, affecting the occurrence and development of endo-

metrial cancer

Conclusion

Lastly, despite providing numerous new insights and data
in the field of EC, our study has some limitations, such
as sample size and experimental conditions. In the future,
investigating whether overexpression of SAMHDI1 in
normal endometrial stromal cell lines poses a risk for
EC could be explored. Furthermore, validating whether
SAMHDI1 has a broad-spectrum therapeutic effect on
other types of EC cells is necessary. Comprehensive sam-
ple collection and more in-depth mechanistic studies will
further reveal the detailed role of SAMHDI in EC.

Materials and methods

Bioinformatics analysis

The datasets GSE17025 and GSE63678 were downloaded
from the Gene Expression Omnibus (GEQO) database
(https://www.ncbi.nlm.nih.gov/gds). GSE17025 con-
tained 12 atrophic endometrial tissues and 91 samples
of EC tissues. GSE63678 included 5 samples of normal
endometrial tissues and 7 samples of EC tissues. The
expression difference of SAMHDI1 between the control
group and the EC group was compared using the Welch
t-test. The expression and correlation of SAMHD1 and
TRIM27 in EC from The Cancer Genome Atlas (TCGA)
were analyzed using the ENCORI database (https://star-
base.sysu.edu.cn/index.php).

Cell culture

The human EC cell lines (KLE, HEC-1-B, RL95-2,
Ishikawa) and human immortalized endometrial stromal
cell line SHT290 were obtained from ATCC (USA). The
HEC-1-B cells were cultured in MEM medium (Gibco,
USA) supplemented with 10% serum. Ishikawa, RL95-
2, and KLE cells were cultured in DMEM/F-12 medium
(Gibco, USA) as referenced [42, 43]. SHT290 was cul-
tured in phenol red-free DMEM (Gibco) containing 2%
charcoal-stripped FBS and 1x GlutaMax (Gibco) as cited
[44]. All the cell culture media were supplemented with
10 pg/mL streptomycin and 100 U/mL penicillin (Gibco,
USA). The cells were incubated at 37°C in a 5% CO, incu-
bator (Thermo, USA) with regular media change every
2-3 days until cell confluence reached about 80%. The
cells were dissociated using trypsin, centrifuged at 300 g,
and then diluted in an antibiotic-free medium to a spe-
cific concentration before seeding at a quantity of 1x10°
cells per well in a 6-well plate. After routine incubation
for 24 h and reaching approximately 75% confluency,
the cells were transfected following the instructions of
Lipofectamine 2000 (Invitrogen). Specifically, 20 pmol
of siRNA was diluted in 50 pL Opti-MEM serum-free
medium and mixed gently. Lipofectamine 2000 was pre-
mixed before adding 1 pL to the siRNA solution in 50 uL
Opti-MEM medium, and incubated at room tempera-
ture for 5 minutes. The diluted DNA and Lipofectamine
2000 were mixed gently and left at room temperature for
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20 min. 100 pL of the transfection mixture was added to
each well. The cells were then treated with 740 Y-P (PI3K
activator) (20 uM, Tocris Bioscience, Ellisville, MO, USA)
and SC-79 (AKT phosphorylation activator) (4 pg/mL,
Sigma, USA) as indicated [45, 46], for 24 h before assess-
ing gene expression following 24 h of incubation at 37°C.

Cell transfection
Expressed plasmid vector (OE-NC), SAMHD1 (OE-
SAMHDI1/F-SAMHD1), PTEN (HA-PTEN), TRIM27
(F-TRIM27) [47]. Ub(Myc-Ub) [48]. Ub-k27(Myc-Ub-
k27) [49]. Ub-k48(Myc-Ub-k48) [50]. Ub-k63(Myc-
Ub-k63) [51]. These plasmids were purchased from
Addgene. The genes were cloned into the pRK5-HA vec-
tor. The sh-NC plasmid for gene silencing was purchased
from Sigma. shRNA was cloned into the PLKO.1 vector
(sh-NC, Sigma). The target sequences for siRNA and
shRNA can be found in Supplementary TableS1

The plasmid transfection and silencing groups were
organized as follows: (1) oe-NC group: transfected with
the oe-NC plasmid; (2) oe-SAMHD]1 group: transfected
with the OE-SAMHD1/F-SAMHD]1 plasmid; (3) sh-NC
group: transfected with the sh-NC plasmid; (4) sh-
SAMHD1 group: transfected with the sh-SAMHD]1 plas-
mid. Additionally, the following combined groups were
created: (5) sh-NC+o0e-NC group: simultaneous trans-
fection of oe-NC and sh-NC plasmids; (6) sh-NC+oe-
PTEN group: simultaneous transfection of sh-NC and
oe-PTEN plasmids; (7) sh-SAMHD1+o0e-NC group:
simultaneous transfection of sh-SAMHDI1 and oe-NC
plasmids; (8) sh-SAMHD1+o0e-PTEN group: simultane-
ous transfection of sh-SAMHD]1 and oe-PTEN plasmids.
After 48 h of transfection, a portion of the cells was taken
to verify the efficiency of knockdown and overexpression
at the protein and RNA levels [52].

qRT-PCR
Total RNA was extracted using TRIzol Reagent
(15596026, Invitrogen, Car, Cal, USA). The RNA was
reverse transcribed into cDNA using the Quantitative
RT-PCR Thermo Script One-Step System (11731023,
Invitrogen, Car, Cal, USA) according to the manufactur-
er’s instructions. The cDNA was then subjected to qPCR
analysis using the Fast SYBR Green PCR Kit (Applied
Biosystems) on an ABI PRISM 7300 RT-PCR system
(Applied Biosystems), with three replicates per well.
GAPDH was used as an internal control, and the relative
gene expression was analyzed using the 2724 method.
The qRT-PCR primer sequences are listed in Supplemen-
tary Table S2.

Western blot
Cultured cells from different groups were collected using
the trypsin digestion method. The cells were lysed with
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enhanced RIPA lysis buffer containing a protease inhibi-
tor (89900, Invitrogen, Car, Cal, USA), and the protein
concentration was determined using the BCA Protein
Assay Kit (23235, Invitrogen, Car, Cal, USA). The proteins
were separated by 10% SDS-PAGE gel electrophoresis,
and then the transferred to a PVDF membrane. Nonspe-
cific binding was blocked by incubating with 5% BSA at
room temperature for 2 h. The membrane was incubated
with diluted primary antibodies overnight at 4 °C. After
washing the membrane, it was incubated with HRP-con-
jugated goat anti-rabbit secondary antibody at room tem-
perature for 1 h. The membrane was then incubated with
ECL working solution (35055, Invitrogen, Car, Cal, USA)
at room temperature for 1 min, excess ECL reagent was
removed, and the membrane was exposed using the Bio-
Rad gel imaging system. The intensity of protein bands in
Western blot was analyzed using ImageLab analysis soft-
ware, with GAPDH as the internal control. Each experi-
ment was repeated three times. Antibody sources are
shown in Supplementary Table S3.

Immunoprecipitation assay

The cells were lysed in BC100 lysis buffer (20 mM Tris-
HCl pH 7.3, 100 mM NaCl, 10% glycerol, 0.2 mM EDTA,
0.2% Triton X-100, and protease inhibitors) to investigate
the interaction between SAMHD1 and PTEN proteins. A
portion of the extract was then saved as the input, while
the remaining extract was incubated with SAMHD1 anti-
body (1:50, ab264335, Abcam, USA) or PTEN antibody
(1:30, ab267787, Abcam, USA) at 4 °C for 1 h. A/G Plus-
Agarose beads (Santa Cruz, Biotechnology) were added
and incubated overnight at 4 °C. After extensive washing,
the bound proteins were dissociated with the SDS sample
buffer and subjected to Western blot analysis for protein
detection.

CCK-8 method

The sorted cell populations were seeded into a 96-well
culture plate at 1x 10 cells/well density in 100 pL of cul-
ture medium containing 10% FBS. The cells were then
cultured for 0, 24, 48, and 72 h, and the cell count was
determined using a cell counting kit (CCK8 method,
Dojindo) according to the manufacturer’s instructions.
Afterward, 10 uL of CCK8 solution was added to each
well and incubated for 1 h, and the absorbance was mea-
sured at 450 nm using a SpectraMax 190 microplate
reader (Bio-Rad Model 680).

The scratch assay detects the migration ability of EC cells

Horizontal lines were drawn evenly spaced at 0.5-1 cm
intervals on the bottom of each well plate using a ruler
and a marker pen. At least five lines were drawn per
well. Approximately 5x10° cells were added per well
into each 6-well plate. The cells were cultured overnight
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in a growth medium containing 10% fetal bovine serum.
Scratches were made vertically along the drawn lines
using a sterile 10 pL pipette tip. The distance of the
scratches was measured under a microscope at 0 h and
24 h of incubation. Images of the scratches were captured
using an inverted microscope, and the migration of cells
in different groups was observed.

Transwell

The Matrigel provided by BD Company was used to coat
the upper surface of the Transwell insert membrane and
allowed to gel at 37 °C for 30 min. The basement mem-
brane was hydrated before use. Cells were cultured in a
serum-free medium for 12 h, harvested and resuspended
in a serum-free medium (1x10°/ml). 100 ul of the cell
suspension was added to the Transwell insert with a
medium containing 10% fetal bovine serum in the lower
chamber. After incubation at 37 °C for 24 h, cells not
invading the surface of the Matrigel membrane were gen-
tly wiped off using a cotton swab. Cells were fixed with
methanol and stained with 1% toluidine blue (Sigma).
Stained cells were observed under an inverted micro-
scope (Carl Zeiss, Germany), and 5 randomly selected
areas were manually counted for analysis of cell invasion.
Each experiment was repeated 3 times.

Construction of subcutaneous xenograft model in nude
mice

Forty-eight healthy BALB/c nude mice, aged 6—8 weeks,
were purchased from the Animal Experiment Center
of Jiangsu University (China, Jiangsu). The mice were
housed in individual cages in a specific pathogen-free
(SPF) animal facility. The laboratory had a humidity level
of 60%~65% and a temperature range of 22-25°C. The
mice had 12 h of light and dark cycle and had ad libitum
access to food and water. After one week of adaptation,
the mice were assessed for their health status before the
start of the experiment. The Animal Ethics Committee
of our institution approved the experimental procedures
and animal usage protocols.

To investigate the effect of SAMHDI1 on the in vivo
growth of EC cells, stable overexpression of SAMHD1
(or-SAMHD1) Ishikawa cells and stable knockdown
of SAMHD1 (sh-SAMHD1) HEC-1-B cells, as well as
their corresponding control groups (oe-NC and sh-NC),
were subcutaneously implanted into the nude mice.
The mice were randomly divided into four groups: (1)
oe-NC, (2) oe-SAMHDI, (3) sh-NC, (4) sh-SAMHDI1.
Each group consisted of 6 mice. The mice were injected
with 1x10° cells/100 pL. HEC-1-B cells subcutaneously,
and the tumor volume was measured weekly. After four
weeks, the mice were euthanized, and the tumors were

photographed.
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After knocking out SAMHDI in the human EC cell line
HEC-1-B, a subcutaneous transplantation experiment
was performed in nude mice to investigate the effect of
the PI3K activator and AKT activator on tumor growth.
The nude mice were randomly divided into four groups:
(1) sh-NC; (2) sh-SAMHD1; (3) sh-NC+740 Y-P (PI3K
activator)/SC-79 (AKT activator); (4) sh-SAMHD1+740
Y-P/SC-79. Each group consisted of 6 mice. The mice
were injected with 1x10° cells/100 uL. HEC-1-B cells
subcutaneously. The tumor volume was measured every
5 days, and the tumor weight was calculated after 3 weeks
of transplantation.

H&E staining

The tissue samples were fixed in 10% formalin (pH 7.4),
embedded in paraffin, and then sectioned. The sec-
tions were dewaxed twice for 10 min each, followed by
gradient ethanol dehydration, 2-minute distilled water
wash, 7-minute hematoxylin staining, 10-minute tap
water rinse, another distilled water wash, 5-second 95%
ethanol, and 1-minute eosin staining. The sections were
then hydrated in gradient ethanol twice for 2 min each,
cleared in xylene twice for 5 min each, air-dried in a fume
hood, and finally examined under an optical microscope
for morphological changes in the nude mouse tumor tis-
sues. Each experiment was repeated three times.

Detection of Ki67 protein

The organization samples were fixed in 10% formalin
(pH 7.4) and embedded in paraffin. After sectioning,
they were placed on glass slides and stained with Thermo
Fisher Scientific’s monoclonal antibody (PA5-114437,
1:200) targeting Ki67. Subsequently, counterstaining and
visualization were performed using standard methods.
Observations were made using an inverted optical micro-
scope, with each experiment repeated three times [53].

TUNEL stainning

According to the instruction manual of Roche’s TUNEL
assay kit, TUNEL staining was performed to detect cell
apoptosis in nude mouse tumor tissue. The specific steps
are as follows: the tissue sections were soaked in 0.3%
H,0,, then incubated with TUNEL-labeling buffer at
37 °C for 120 min, followed by treatment with an avidin-
biotin-peroxidase complex solution at 37 °C for 30 min.
The sections were washed with PBS, then immersed in
DAB solution for 10 min. The sections were observed
under a fluorescence microscope, and cell counting was
performed to calculate the proportion of TUNEL-posi-
tive cells (number of TUNEL-positive cells/total number
of cells).
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ELISA assay

The ELISA kit from Echelon Biosciences was used to
perform experiments according to the manufacturer’s
instructions. First, the standard curve was prepared by
diluting PTEN and PTEN-Ub to the same concentration.
Then, a series of concentrations of PTEN and PTEN-
Ub, along with the PIP2 detector and HRP conjugate,
were gradually added. The mixture was incubated for 1 h
in a culture dish and the absorbance was measured to
quantify the amount of PIP2 using a colorimetric assay.
Immunopurified ubiquitinated PTEN and non-ubiq-
uitinated PTEN were collected from various cells. The
amount of PIP2 generated from P3 under PTEN phos-
phatase activity was detected using ELISA, and the con-
centration was calculated using absorbance values and a
standard curve.

Statistical analysis

The data statistical analysis used in this study was per-
formed using SPSS 21.0 (IBM, USA) software. Con-
tinuous variables were presented as meanztstandard
deviation. Normality and homogeneity of variances tests
were conducted first. If the data followed a normal distri-
bution and had homogeneity of variances, a non-paired
t-test was used for between-group comparisons, one-way
analysis of variance was used for multiple group com-
parisons, and repeated-measures analysis of variance was
used for tumor data at different time points, with post-
hoc analysis performed using Tukey’s method. A P value
less than 0.05 was considered statistically significant.
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