
Abstract. Background/Aim: The underlying processes of renal
cell carcinoma (RCC), one of the deadliest malignancies of the
urinary system, are still poorly understood. HECT domain E3
ubiquitin protein ligase 2 (HECTD2) is an E3 ubiquitin ligase
implicated in the pulmonary inflammatory response. This study
investigated the impact of HECTD2 on regulating inflammation
in RCC cells and its potential mechanisms. Materials and
Methods: HECTD2 expression in RCC tissues was examined.
Immunoprecipitation and western blot (WB) analysis confirmed
that HECTD2 up-regulated euchromatic histone lysine
methyltransferase 2 (EHMT2) protein degradation. ChIP
experiments validated tumor necrosis factor α Inducing protein
1 (TNFAIP1) as a direct target of EHMT2. qRT-PCR determined
HECTD2 and TNFAIP1 expression in RCC cells. Cell viability
was assayed via CCK-8. ELISA was employed to measure the
expression of IL-6, TNF-α, IL-8, and IL-1β. WB analysis was
conducted to test p38/JNK pathway-related protein (p38, p-p38,
JNK, and p-JNK) expression. Results: HECTD2 and TNFAIP1
were significantly up-regulated in RCC patient tissues and cells.
Subsequent investigations revealed that HECTD2 promoted an

inflammatory response in RCC cells. Additionally, HECTD2 up-
regulated TNFAIP1 expression, and high TNFAIP1 expression
could reverse the repressive impact of low HECTD2 expression
on the inflammatory response in RCC cells. Rescue experiments
demonstrated that the addition of p38/JNK pathway inhibitors
attenuated the impact of TNFAIP1 overexpression on the RCC
inflammatory response. Conclusion: Our findings establish a
new mechanism by which HECTD2 exerts a pro-inflammatory
role in RCC cells and present a prospective method for an anti-
inflammatory intervention targeting the HECTD2/TNFAIP1 axis
in malignancies.

One of the most prevalent malignancies of the genitourinary
system, renal cell carcinoma (RCC), has a significant death
rate (1). A prevalent subtype of RCC, clear cell RCC
(ccRCC), accounts for around 75% of RCC cases (2, 3). Due
to high rates of RCC recurrence and metastasis, the prognosis
for patients is still dismal despite advances in medical
technology (3). Therefore, it is necessary to dissect molecular
regulatory mechanisms underlying RCC development and
identify new biomarkers for targeted therapy.

In recent years, the association between inflammation and
cancer has become a focus of cancer research. Inflammation
is a fundamental innate immune response of the body to
disrupted tissue homeostasis (4). Inflammatory molecules
have a crucial role in the development of several
malignancies, including breast, lung, colon cancer and RCC,
as shown by numerous studies (5-8). For instance, the
inflammasome adaptor protein PYCARD is a protein
involved in inflammation, pyroptosis, and apoptosis. The
expression of PYCARD is associated with immune response
and its overexpression is positively correlated with poor
prognosis in ccRCC patients (9). This study aimed to further
explore the mechanisms influencing inflammatory response
in RCC cells and provide new directions for the treatment of
RCC-associated inflammation.
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The well-known BTB domain protein tumor necrosis factor
α Inducing protein 1 (TNFAIP1) is essential for DNA
synthesis, cell apoptosis, cell migration, and immune response
(10, 11). Recent studies have reported that TNFAIP1 down-
regulation promotes malignant progression in cancers such as
hepatocellular carcinoma and neuroblastoma (10, 12). For
instance, in lung cancer cells, down-regulation of Circ0001320
up-regulates TNFAIP1 and TPM1 by binding to miR-558, thus
inhibiting tumor cell growth and invasion (13). Moreover,
TNFAIP1 has been reported to regulate inflammatory
responses. Zhao et al. (14) found that by stimulating NF-ĸB
activity, TNFAIP1 functions as a crucial mediator of
inflammation. Xu et al. (15) discovered that knockdown of
lncRNA KCNQ1OT1 down-regulates TNFAIP1 by increasing
the expression of miR-137, thereby inhibiting the
inflammatory response and oxidative stress in ox-LDL-
induced THP-1 macrophages. However, regarding the
mechanism of the TNFAIP1-mediated inflammatory response
in RCC cells, there is a dearth of information.

We examined HECT domain E3 ubiquitin protein ligase 2
(HECTD2) expression in RCC tissues through clinical
analysis and revealed that HECTD2 was highly expressed in
RCC tissues and associated with an inflammatory response.
Previous studies have shown that HECTD2 can enhance the
occurrence of pulmonary inflammation caused by Gram
negative bacteria through ubiquitination of PIAS1 (16).
Subsequently, we validated that low expression of HECTD2
inhibited the inflammatory response in RCC cells through
cell-based experiments. Furthermore, functional analysis
revealed that HECTD2 up-regulated euchromatic histone
lysine methyltransferase 2 (EHMT2) protein degradation and
identified TNFAIP1 as a direct target of EHMT2. Further
investigation demonstrated that TNFAIP1 promoted the
inflammatory response in RCC cells through the p38/JNK
pathway. Thus, our findings suggest that HECTD2 modulates
the inflammatory response in RCC cells by up-regulating
TNFAIP1 expression and modulating the p38/JNK pathway.
This study revealed a novel molecular mechanism associated
with RCC progression and offers theoretical insights into
RCC treatment.

Materials and Methods

Patients and samples. Between February 2021 and December 2022,
a total of 10 pairs of fresh RCC tissues (Tumor) and their
corresponding adjacent normal tissues (Normal) were collected from
RCC patients who underwent nephrectomy at the department of
urinary surgery of Deyang City People’s Hospital for qRT-PCR
analysis. Immediately after surgical removal, all fresh tissue
samples were quickly frozen in liquid nitrogen and kept at –80˚C
until RNA extraction. Serum samples were collected from 10 RCC
patients prior to surgery. Additionally, serum samples from 10
healthy individuals were used as controls for ELISA analysis. This
study was authorized by the Ethics Committee of Deyang City

People’s Hospital (2023-04-080-K01), was conducted following the
Declaration of Helsinki, and obtained informed consent from all
patients and volunteers.

Cell culture. All cell lines were accessed from ATCC (Manassas,
Virginia, USA). The HK2 cells were cultured in K-SFM (Invitrogen,
Carlsbad, CA, USA) with 10% fetal bovine serum (FBS) (Thermo
Fisher Scientific, MA, USA). The RCC cell lines ACHN, A498, and
Caki-1 were in medium with 10% FBS, ACHN and A498 cells were
in EMEM (Merck, NJ, USA), and Caki-1 cells were in McCoy’s 5A
Medium (Thermo Fisher Scientific). To investigate the impact of the
p38/JNK pathway, RCC cells were treated with 16 μM p38/JNK
pathway inhibitor GS-444217 (MedchemExpress, Monmouth
Junction, NJ, USA). All cells were cultured in a cell incubator at
37˚C with 5% CO2 (17, 18).

Based on previous studies (19), an inflammatory cell model was
induced using recombinant human TNF-α (PeproTech, Cranbury,
NJ, USA) at the following concentrations: 0, 1, 10, and 20 ng/ml
for a duration of 24 h.

Cell transfection. si-HECTD2, oe-TNFAIP1, and negative control
were synthesized by Shanghai Genechem Co., Ltd. (Shanghai, PR
China). Lipofectamine 3000 (Invitrogen) was utilized for cell
transfection, and subsequent experiments were conducted 48 h post-
transfection. Experiments were independently repeated three times.

qRT-PCR. Total RNA extraction was done by using Trizol
(Invitrogen). The PrimeScript™ RT reagent Kit (TaKaRa, Kyoto,
Japan) was utilized for reverse transcription of 5 μg total RNA
samples to synthesize cDNA. QuantiTect SYBR® Green RT-PCR
Kit (Qiagen, Germantown, MD, USA) was employed for qRT-PCR
on an ABI PRISM 7900 Sequence Detection System (Thermo
Fisher Scientific). Relative expression of HECTD2 and TNFAIP1
were calculated by the 2-ΔΔCt method, with β-actin as internal
control. Primer sequences are provided in Table I.

Western blot (WB). Total protein isolation was done by using RIPA
lysis buffer (Beyotime, Shanghai, PR China), and protein
concentration was tested with a BCA protein concentration detection
kit (Thermo Fisher Scientific). Proteins were separated by SDS-
PAGE gel and transferred onto PVDF membranes. After blocking
with BSA blocking solution for 1 h at room temperature,
membranes were incubated with the following antibodies at 4˚C
overnight: anti-p-p38 [Phospho-p38 MAPK (Thr180/Tyr182)
(D3F9) XP® Rabbit mAb #4511], anti-p38 [p38 MAPK (D13E1)
XP® Rabbit mAb #8690], anti-p-JNK [Phospho-SAPK/JNK
(Thr183/Tyr185) (81E11) Rabbit mAb #4668], anti-JNK
[SAPK/JNK (E7R5D) Rabbit mAb #67096], anti-β-actin [β-Actin
(13E5) Rabbit mAb #4970], all from Cell Signaling Technology,
Danvers, MA, USA, as well as HECTD2 (ab173572) and EHMT2
(ab40542) from Abcam, Cambridge, UK. After incubation with goat
anti-rabbit IgG-HRP (ab205718) (Abcam) secondary antibody at
room temperature for 1 h, protein bands were visualized with the
ECL detection kit (Pierce Biotechnology, Rockford, IL, USA) and
imaged using a fluorescence and chemiluminescence imaging
system (Clinx, Anhui, P.R. China).

CCK-8 assay. Cells were plated in a 96-well culture plate (2×103
cells/well). Following cell attachment at 0, 24, 48, 72, and 96 h, 10
μl of CCK-8 reagent was supplemented to each well, followed by
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2 h of incubation at 37˚C. Absorbance was measured at 450 nm with
a microplate reader (Bio-Rad, Hercules, CA, USA).

ELISA. The human TNF-α ELISA kit (ab181421), the IL-8
(ab214030), IL-1β (ab214025) and IL-6 (ab178013) ELISA kits
were used to detect the inflammatory cytokines TNF-α, IL-1β, IL-
8, and IL-6, respectively. All procedures were conducted according
to the kits’ instructions (Abcam).

Immunoprecipitation. Cells were lysed using NP40 (Beyotime), and
1000 mg of protein was incubated with the specified antibody at 4˚C
for 4 h. A/G agarose beads (Beyotime) were added to 50 μl of protein
sample, and the mixture was incubated on a shaker at 4˚C for 2 h. The
beads were collected and rinsed three times with lysis buffer. Protein
immunoblotting analysis was performed using the specified antibodies.

Chromatin immunoprecipitation (ChIP) assay. The ChIP assay was
conducted with Magna ChIP A/G kit (Merck). RCC cells were
transfected with si-NC and si-EHMT2 for 48 h, crosslinked with 1%
formaldehyde (Merck) for 10 min at room temperature, and quenched
with 1× glycine (Merck) for 5 min. Next, RCC cells were rinsed with
cold 1× PBS containing 1× protease inhibitor cocktail II
(MedchemExpress). Following nuclear extraction, the Bioruptor Pico
sonicator was used for 15 cycles of 30 s ON and 30 s OFF to get
chromatin fragments of 200-1000 bp. Chromatin was then
immunoprecipitated overnight at 4˚C with 2 μg of H3K9me2
antibody (ab176882) (Abcam) or 2 μg of H3K9ac antibody (ab32129)
(Abcam) along with 20 μl of Magna ChIP A/G magnetic beads. The
complexes were incubated with ChIP elution buffer and RNase A
mixture at 30˚C for 37 min and incubated with proteinase K at 62˚C
for 2 h. Following DNA purification with spin columns, samples were
measured by qRT-PCR. Primer sequences are provided in Table II.

Data analysis. All experiments were performed at least 3 times.
Data were presented as mean±standard deviation (SD) and analyzed
on GraphPad Prism 8.0 (GraphPad, La Jolla, CA, USA) software.
Student’s t-test, log-rank test, and analysis of variance (ANOVA)
were used. p<0.05 was considered statistically significant.

Results

High HECTD2 expression in RCC tissues is positively
correlated with inflammatory markers. To investigate whether
HECTD2 contributes to RCC progression, we recruited 10
RCC patients who underwent surgical resection and obtained
tumor tissues and adjacent non-cancerous tissues. HECTD2

levels in these tissue samples were detected using qRT-PCR.
HECTD2 expression was significantly higher in RCC tumor
tissues compared to adjacent non-cancerous tissues (Figure
1A). ccRCC is the most common subtype of RCC (1). We
obtained pan-cancer data using the Kaplan Meier Plotter web
tool and found that high expression of HECTD2 was
associated with shorter survival time in patients with ccRCC
(Figure 1B). Furthermore, expression of inflammatory markers
(IL-6, TNF-α, IL-8) in the blood of 10 RCC patients and
healthy volunteers were assayed using ELISA. Their
expression was higher in the blood of RCC patients than in
healthy volunteers (Figure 1C). Subsequently, correlation
between HECTD2 expression and IL-6, TNF-α, and IL-8
expression was performed. The data showed a positive
correlation between the expression of HECTD2 and
inflammatory markers (Figure 1D). 

The tumor microenvironment is composed of various types
of immune cells, among which tumor-associated macrophages
are an important type of immune cells. Tumor-associated
macrophages have two phenotypes, namely the M1-type
(highly lethal macrophages) and the M2-type (immuno-
suppressive macrophages) (20). Similarly, we used Kaplan
Meier Plotter to investigate the survival rate of ccRCC patients
with macrophage enrichment and found no statistically
significant difference in survival rate (p=0.074) between
patients with high and low expression of HECTD2 (Figure 1E).
In patients with reduced macrophages, there was a significant
difference in the survival rate between patients with high and
low expression of HECTD2 (p=5.5×10–5) (Figure 1F). We
speculated whether there was a difference in the survival rate
caused by the high and low expression of HECTD2 due to
different numbers of macrophages. The above research results
indicated that HECTD2 was highly expressed in RCC tissue,
and its high expression was associated with low survival rates
in ccRCC patients. HECTD2 was positively correlated with the
content of inflammatory markers. There was a significant
difference in survival rates between ccRCC patients with high
and low expression of HECTD2, which was related to the
number of macrophages.

Knockdown of HECTD2 suppresses the inflammatory response
in RCC cells. TNF-α can induce an inflammatory response in
tumors. In this study, cells were treated with TNF-α at 0, 1,
10, and 20 ng/ml to induce an inflammatory response, and

Lv et al: HECTD2 Promotes an Inflammatory Response in RCC

1096

Table I. Primer sets for qRT-PCR.

Gene                                                Primer sequence (5’→3’)

TNFAIP1                               F: ACCTCCGAGATGACACCATCA
                                               R: GGCACTCTGGCACATATTCAC
HECTD2                                F: GTAGGGGAAGCTGGTTTGGA
                                               R: CTTGTAACAGCAGGGAGGGA
β-actin                                    F: CATGTACGTTGCTATCCAGGC
                                               R: CTCCTTAATGTCACGCACGAT

Table II. Primer sequences for ChIP-qPCR.

Primer sets                                      Primer sequence (5’→3’)

Primer pair                              F: CTGGCAGCCGAACACAAGT
                                              R: CCAAGCCAGATTCATGGGAGT
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Figure 1. HECTD2 is highly expressed in renal cell carcinoma (RCC) tissues and is positively correlated with the levels of inflammatory response
markers. A: Expression of HECTD2 in RCC tissues. B: Kaplan-Meier Plotter survival analysis of patients with clear cell renal cell carcinoma
(ccRCC) in high and low expression HECTD2 groups. C: Expression of inflammatory response markers (IL-6, TNF-α, IL-8) in patient blood samples.
D: Correlation analysis between HECTD2 expression and IL-6, TNF-α and IL-8 expression. E: Kaplan Meier Plotter survival analysis of ccRCC
patients with macrophage enriched in high and low expression HECTD2 groups. F: Kaplan Meier Plotter survival analysis of ccRCC patients with
reduced macrophages in high and low expression HECTD2 groups. *p<0.05 using t-test and log-rank test.



expression of inflammatory factors (IL-6, IL-1β) were
assessed using ELISA. The results revealed that IL-6 and IL-
1β levels in the culture medium increased with increasing
concentrations of TNF-α (Figure 2A). Subsequently, we
generated Caki-1 cell lines with HECTD2 knockdown and
measured the transfection efficiency. HECTD2 expression was
reduced in Caki-1 cells with HECTD2 knockdown compared
to control group (Figure 2B). Furthermore, cells transfected
with si-HECTD2 were treated with the optimal concentration
(10 ng/ml) of TNF-α; IL-6 and IL-1β expression was then
tested using ELISA. The results demonstrated a significant
reduction in IL-6 and IL-1β expression in RCC cells after
knockdown of HECTD2 compared to control cells (Figure
2C). These findings demonstrate that knockdown of HECTD2
can suppress the inflammatory response in RCC cells.

Up-regulation of TNFAIP1 expression by HECTD2. Previous
studies have found that in colorectal cancer, propionate up-
regulates HECTD2 to down-regulate EHMT2; more

specifically, HECTD2 promotes the proteasomal degradation
of EHMT2, reducing EHMT2 expression. The down-
regulation of EHMT2 promotes TNFAIP1 expression, i.e.,
EHMT2 up-regulates TNFAIP1 expression through
modulation of H3K9 acetylation and dimethylation), thereby
inhibiting the growth of colorectal cancer cells (21). This
indicates that the expression of HECTD2 could affect
TNFAIP1 expression by influencing EHMT2-mediated
regulation of TNFAIP1 expression. 

Therefore, we examined TNFAIP1 expression in HK2,
ACHN, A498, and Caki-1 cells using qRT-PCR. TNFAIP1 was
up-regulated in RCC cells (Figure 3A). Next, we generated
Caki-1 cells with knockdown of HECTD2 expression. qRT-
PCR of TNFAIP1 expression showed that TNFAIP1 expression
was lower in cells with HECTD2 knockdown compared to
control cells (Figure 3B). This suggested that expression of
TNFAIP1 was also influenced by HECTD2 in RCC. To
investigate whether HECTD2 regulates TNFAIP1 expression
through EHMT2 in RCC, we performed WB and
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Figure 2. Knockdown of HECTD2 suppresses the inflammatory response in renal cell carcinoma (RCC) cells. A: Induction of inflammatory response
in RCC cells by treatment with 0, 1, 10 and 20 ng/ml of TNF-α, and detection of IL-6 and IL-1β expression. B: Construction of si-HECTD2 RCC
cell line and measurement of transfection efficiency. C: Construction of si-HECTD2 RCC cell line and detection of IL-6 and IL-1β expression.
*p<0.05 using ANOVA (A) and t-test (B-C).



immunoprecipitation experiments for validation. Firstly, we
examined influence of HECTD2 on total protein ubiquitination
in Caki-1 cells. Knockdown of HECTD2 did not change
overall level of protein ubiquitination. However,

immunoprecipitation experiments revealed a significant
decrease in EHMT2 ubiquitination after HECTD2 knockdown
(Figure 3C). To unveil direct target genes of EHMT2, we did
additional ChIP assays following si-EHMT2 treatment. We
designed ChIP primers targeting the TNFAIP1 promoter region
and conducted ChIP assays using antibodies against H3K9me2
and H3K9ac. The data showed a significant decrease in H3K9
dimethylation and an increase in H3K9 acetylation at the
TNFAIP1 gene promoter region after EHMT2 knockdown
compared to si-NC group (Figure 3D). These findings indicate
that HECTD2 up-regulates TNFAIP1 expression.

HECTD2 promotes a RCC cell inflammatory response
through up-regulation of TNFAIP1 expression. To clarify the
role of HECTD2 in RCC cell progression through up-
regulation of TNFAIP1, we established the following groups
based on Caki-1 cells: si-NC+oe-NC, si-HECTD2+oe-NC, si-
HECTD2+oe-TNFAIP1. qRT-PCR results showed that
knockdown of HECTD2 significantly down-regulated
HECTD2 and TNFAIP1 in Caki-1 cells, while up-regulation
of TNFAIP1 restored TNFAIP1 expression to the control
group level (Figure 4A). CCK-8 unraveled that silencing of
HECTD2 significantly repressed the viability of Caki-1 cells,
while overexpressing TNFAIP1 reversed the impact of low
HECTD2 expression on RCC cell viability (Figure 4B). Cells
were treated with 10 ng/ml TNF-α, and expression of IL-6
and IL-1β was measured by ELISA. Knockdown of HECTD2
in Caki-1 cells led to a significant reduction in IL-6 and IL-
1β expression, while up-regulation of TNFAIP1 reversed the
repressive impact of low HECTD2 expression on the
expression of inflammation-related factors (Figure 4C). These
findings indicate that HECTD2 promotes RCC cell
inflammation through up-regulation of TNFAIP1 expression.

TNFAIP1 promotes RCC cell inflammatory response through
the p38/JNK pathway. TNFAIP1 plays a key role in the
p38/JNK pathway (22). Hence, we speculated that TNFAIP1
may foster RCC cell inflammation via the p38/JNK pathway.
By constructing cell lines treated with oe-TNFAIP1 and GS-
444217 (a p38/JNK pathway inhibitor), we performed qRT-
PCR to measure TNFAIP1 expression. Overexpressing
TNFAIP1 increased TNFAIP1 expression in Caki-1 cells
(Figure 5A). WB analysis of p38, JNK, and their
phosphorylation levels, which were related to the p38/JNK
signaling pathway, revealed that p-p38 and p-JNK expression
were significantly elevated in Caki-1 cells with up-regulated
TNFAIP1, while the addition of GS-444217 restored p-p38
and p-JNK expression to control group levels (Figure 5B).
ELISA results illustrated that up-regulation of TNFAIP1
significantly promoted IL-6 and IL-1β expression, while the
addition of GS-444217 attenuated this effect (Figure 5C).
These findings suggest that TNFAIP1 promotes RCC cell
inflammation through the p38/JNK pathway.
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Figure 3. HECTD2 up-regulates TNFAIP1 expression. A: Expression of
TNFAIP1 in HK2 and RCC cell lines ACHN, A498, and Caki-1. B:
Expression of TNFAIP1 in Caki-1 cells. C: Interaction between
HECTD2 and EHMT2. D: Detection of the direct target gene TNFAIP1
of EHMT2. *p<0.05 using ANOVA (A) and t-test (B, D).



Discussion

RCC is a frequently diagnosed malignancy, and its high
incidence is negatively correlated with survival in patients
(23). With the development of medical research, more
diagnostic and treatment methods for RCC have been
explored. Long-term prognosis and treatment results are still
lacking despite substantial advancements in the detection and
treatment of human malignancies. Therefore, the study of the
mechanisms underlying RCC remains a significant research
task for medical researchers today.

E3 ubiquitin ligase (HECTD) members homologous to
E6APC terminus (HECT) are involved in tumor progression
through ubiquitin modification (24). HECTD1 down-
regulation elevates the migration and EMT of cervical cancer
cells by stabilizing SNAIL through ubiquitination-mediated
regulation (25). HECTD2, an E3 ubiquitin ligase, promotes
melanoma proliferation and immune evasion (26).
Kobelyatskaya et al. (27) predicted through bioinformatics
methods that HECTD2 can serve as a potential therapeutic

target in the main molecular subtype TMPRSS2-ERG of
prostate cancer. According to previous research results,
HECTD2 has been shown to be involved in the occurrence
and development of cancer. In colorectal cancer cells,
HECTD2 overexpression induces LPCAT1 ubiquitination and
degradation, inhibiting tumor cell proliferation (28). In RCC
cells, by weakening miR-320a, HIF-1α increases the
expression of HECTD2, boosting tumor cell proliferation,
migration, invasion, and EMT while decreasing apoptosis and
hastening the malignant development of cancer cells (29). We
saw up-regulated HECTD2 in RCC through clinical analysis,
which is consistent with previous research. Furthermore,
cellular experiments demonstrated that up-regulation of
HECTD2 promoted the inflammatory response of RCC cells.
These findings confirmed the pro-inflammatory and
oncogenic properties of HECTD2 in RCC progression.

Additionally, WB and immunoprecipitation confirmed
that up-regulation of HECTD2 promotes proteasomal
degradation of the EHMT2 protein, and ChIP experiments
validated TNFAIP1 as a direct target of EHMT2. This
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Figure 4. HECTD2 promotes the inflammatory response in renal cell carcinoma (RCC) cells by up-regulating TNFAIP1 expression. A: Expression
of HECTD2 and TNFAIP1. B: Measurement of RCC cell viability. C: Detection of IL-6 and IL-1β expression. *p<0.05 using ANOVA (A-C).



suggests that HECTD2 can regulate the expression of
TNFAIP1 by influencing EHMT2, which is similar to the
findings reported by Ryu et al. (21). TNFAIP1 is a protein
induced early in inflammation by TNF-α (30). Research
has demonstrated that TNFAIP1 plays a pivotal role in the
regulation of numerous physiological and pathological
processes, including tumor development and the migration
of cancer cells. The CRL3BTBD9 E3 ubiquitin ligase
complex causes TNFAIP1 degradation to prevent cancer
cell migration when TNFAIP1 is overexpressed in human
lung carcinoma (12). Xu et al. (31) found that down-
regulation of miRNA-15a in human osteosarcoma inhibits
cancer cell malignant behaviors by targeting TNFAIP1. We
found high expression of TNFAIP1 in RCC cells. To
investigate whether TNFAIP1 is critical in inflammatory

response of RCC cells promoted by HECTD2, we further
up-regulated TNFAIP1 based on knocking down HECTD2
in RCC. Up-regulation of TNFAIP1 significantly reversed
the repressive impact of low HECTD2 expression on the
inflammatory response of RCC cells. These data reveal that
HECTD2/TNFAIP1 may serve as therapeutic targets for
RCC.

In addition, this study also disclosed that up-regulated
TNFAIP1 promotes p-p38 and p-JNK expression in RCC cells,
and the addition of P38/JNK pathway inhibitors can reverse this
phenomenon. It is worth noting that the JNK/P38 signaling
pathway is an important component of the MAPK family, and
evidence suggests that activation of p38 and JNK signaling
pathways promotes inflammation and cell death (17). For
example, hypaphorin inactivates p38/JNK signaling by
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Figure 5. TNFAIP1 promotes the inflammatory response in renal cell carcinoma (RCC) cells through the p38/JNK pathway. A: Expression of
TNFAIP1. B: Expression of P38 and JNK proteins, as well as their phosphorylation levels, related to the P38/JNK signaling pathway. C: Detection
of IL-6 and IL-1β expression. *p<0.05 using ANOVA (A, C).



increasing DUSP1, thereby preventing lipopolysaccharide-
induced acute lung injury and pro-inflammatory responses (32).
In this study, we found, through rescue experiments, that up-
regulation of TNFAIP1 could promote the inflammatory
response of RCC cells, while the addition of P38/JNK pathway
inhibitors weakened the effect of TNFAIP1 on the inflammatory
response of RCC cells. These findings gave important
information on the mechanisms of HECTD2/TNFAIP1.

In summary, this study primarily investigated the
influence of HECTD2 on the inflammatory response in RCC
cell lines and explored its potential mechanisms. HECTD2
was highly expressed in RCC and promoted activation of
p38/JNK signaling pathway by regulating TNFAIP1
expression, thus increasing the inflammatory response of
RCC cells. However, there are still some limitations in this
study. For example, the functional validation of HECTD2 in
animal models has not been performed. 

Conclusion
In summary, this study mainly explores and verifies that
HECTD2, which is highly expressed in RCC cells, can target
the up-regulation of TNFAIP1 expression, mediate p38/JNK
signaling, and enhance the inflammatory response of RCC
cells. Interestingly, there has been no literature reporting that
the HECTD2/TNFAIP1 regulatory axis can affect the
inflammatory response of RCC cells. In the future,
HECTD2/TNFAIP1 could have important clinical
implications for RCC diagnosis and therapy. In addition,
targeted regulation of the p38/JNK signaling pathway related
to inflammatory response can serve as a breakthrough point
for studying the mechanism of inflammatory response in
RCC cells.
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