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TRIM44 facilitates ovarian cancer proliferation, migration, and invasion by 
inhibiting FRK 
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Ovarian cancer (OC) is the leading cause of gynecologic cancer-related death in the world. Accumulating evidence 
indicated the important role of TRIM44 in cancer development. However, how TRIM44 displays in OC and the underlying 
mechanism remained unclear. TRIM44 and FRK expression in OC tissues and cell lines were investigated by western blot 
and RT-qPCR. Histotype of tissue samples and patients’ data were analyzed. Kaplan-Meier Curve was performed to validate 
the effect of TRIM44. Colony formation assay, MTT assay, Transwell assay, and wound-healing assay were applied to eluci-
date the function of TRIM44 in OC cells. CHIP assay was used to explore the association between TRIM44 and FRK. Finally, 
we performed SKOV3 xenografts in Balb/c nude mice to further confirm the involvement of TRIM44 in OC development. 
We found TRIM44 highly expressed while FRK displayed low expression in OC cell lines and tissues. Moreover, analysis of 
histotype of tissues and patients’ data and Kaplan-Meier Curve implied the important role of TRIM44 and FRK in tumor 
progression. Further in vitro study suggested that knocking down TRIM44 inhibited OC cells proliferation, migration, and 
invasion. Besides, FRK was identified as the target gene of TRIM44 in OC, and TRIM44 promoted OC cells proliferation, 
migration, and invasion by inhibiting FRK. Finally, in vivo animal experiment further confirmed the promotive effect of 
TRIM44 on OC progression. Our findings demonstrated that TRIM44 facilitated OC proliferation, migration, and invasion 
by inhibiting FRK, providing new insights for theoretical research and therapy of OC.
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OC is the second common and the most fatal gyneco-
logic cancer in the world [1–3]. Known as a silent killer, OC 
is difficult to be diagnosed until at an advanced stage. In 
fact, over 70% of cases are diagnosed at stage III or IV due 
to the asymptomatic nature of OC and lack of approaches 
for early diagnostics [3, 4]. So far, the standard therapy for 
OC is debulking surgery combined with chemotherapy [4, 
5]. However, the majority of patients will progress to recur-
rence and 75% of recurrence is incurable [4, 6]. Although 
there are new approaches such as angiogenesis inhibitors and 
PARP inhibitors, these therapies are associated with added 
side effects or limited application [4, 7, 8]. Given that, it is 
promising to identify new targets and develop effective strat-
egies for OC therapy.

The biological behavior of OC differs from hematogenous 
metastasis, which makes it easier to metastasize [9]. OC cells 
initially disseminate in the peritoneal cavity and only super-
ficial cells are invasive [9, 10]. However, owing to genetic and 
epigenetic factors, tumor cells process rapid proliferation 

and epithelial-to-mesenchymal transition (EMT) enables the 
cells to migrate and invade [9, 11]. These cancer cells travel 
through peritoneal fluid and develop metastases [12, 13]. 
The high fatality rate of OC is mainly due to wide metastasis 
within the peritoneal cavity [9, 13]. Thus, it is still essential to 
further uncover the mechanism of OC metastasis.

TRIM-containing protein 44 (TRIM44) is a member of 
the TRIM protein family, which contains a RING domain, 
a coiled-coil region, and one or two B boxes, and [14, 15]. 
TRIM family proteins have been found involved in varieties 
of processes including antiviral function, regulating innate 
immune reaction, and tumorigenesis [15–17]. Increasing 
evidence indicates the oncogenic role of TRIM44 in cancer 
development. Overexpression of TRIM44 facilitates cell 
proliferation, migration, and invasion in colorectal cancer 
(CRC), hepatocellular carcinoma, thyroid cancer, and 
non-small cell lung cancer (NSCLC) [18–21]. However, the 
function of TRIM44 in OC and the underlying mechanism 
still remains unknown.
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In this work, we performed experiments both in vitro 
and in vivo to investigate the function of TRIM44 in OC. 
Moreover, we explored the underlying mechanism that 
TRIM44 facilitated ovarian cancer progression by inhibiting 
FRK, providing new insights for theoretical research and 
therapy of OC.

Materials and methods

Tissue specimens. 15 primary ovarian cancer tissue 
samples and their paired 15 adjacent tissues were provided 
by West China Second University Hospital, Sichuan Univer-
sity. Written informed consents from patients were obtained 
before these clinical materials used for research purpose. 
This research was approved by the ethics committee of West 
China Second University Hospital, Sichuan University.

Cell culture and cell transfection. OC cell lines including 
SKOV3, OVCAR3, ES-2, A2780, COC1, and ovarian epithe-
lial cell line HOSEpiC were obtained from the American Type 
Culture Collection (ATCC). Cells were cultured in DMEM 
(#C12430500BT, Gibco) or RPMI-1640 (#31800022, Gibco) 
with 10% fetal bovine serum (FBS) (#10100147, Gibco) in a 
5% CO2 humidified incubator at 37 °C.

The overexpressing plasmids of FRK (pCDNA3.1-
FRK) and TRIM44 (pCDNA3.1-TRIM44) were 
conducted by cloning the corresponding full sequence 
into pCDNA3.1 (Addgene). The empty vector was used 
as a negative control (p-NC). shRNA for TRIM44 (sense: 
5’-CCGGGGCTTGATTTGAGTACCTATTCTCGAGA-
ATAGGTACTCAAATCAAGCCTTTTTG-3’;  anti-sense: 
5’-AATTCAAAAAGGCTTGATTTGAGTACCTATTCTC-
GAGAATAGGTACTCAAATCAAGCC-3’)  was  inserted 
into PLKO.1 (Addgene). And PLKO.1 vector was used as 
a control (sh-NC). siRNA for FRK (5’-GGAGUACCU-
AGAACCCUAUTT-3’) was synthesized by GenePharma 
(Shanghai, China). Scramble siRNA was used as a control 
(siNC). Lentiviral plasmids along with packaging plasmids 
were transfected into 293T cells via polyetherimide, and the 
virus supernatants were harvested 48-72 h after transfec-
tion. For lentiviral transfection, 1×105 cells were seeded in 
each well of 6-well plates and incubated at 37 °C overnight. 
Appropriate lentiviral was added to the plate and medium 
was changed in 12–24 h.

RNA isolation and RT-qPCR assays. Total RNA was 
extracted from cells or tissues by the TRIzol reagent (15596-
026, Invitrogen) according to the manufacturer’s protocol. 
Complementary DNA was synthesized by reverse transcrip-
tion kit (#AT311-03, Transgene Biotech). RT-qPCR was 
conducted using SYBR Green Mix (#172-5124, BIO-RAD) 
and the Applied Biosystems 7500 Real-Time PCR System. 
The relative mRNA level was calculated by the method of 2–

ΔΔCt. The following primers were used for RT-qPCR: TRIM44 
forward:  5’-GTGGACATCCAAGAGGCAAT-3’;  TRIM44 
reverse:  5’-AGCAAGCCTTCATGTGTCCT-3’;  FRK 
forward: 5’-ACCGCAACTCCATACAGC-3’; FRK reverse: 

5’-TTCCGAGACTCCAGATAGGC-3’; FRK forward 
(CHIP):  5’-CACAGACAGAAAGAAACCAGGA-3’;  FRK 
reverse  (CHIP):  5’-TGAATAACCAACCAGCAGAGG-3’; 
GAPDH forward: 5’-AGGTCGGTGTGAACGGATTTG-3’; 
GAPDH reverse: 5’-GGGGTCGTTGATGGCAACA-3’.

Western blot. Cells or tissues were lysed in RIPA 
buffer and then were centrifuged at 12,000× g at 4 °C for 
30 min. An equal amount of protein was electrophoresed 
in SDS-PAGE gel and then transferred to polyvinylidene 
difluoride (PVDF) membranes. After milk blocking for 
an hour, the membranes were incubated with the TRIM44 
antibody (ab236422, Abcam, 1:2000), FRK antibody 
(ab64914, Abcam, 1:1000), and β-actin (ab8827, Abcam, 
1:2000) overnight at 4 °C. After incubating with appropriate 
HRP-conjugated secondary antibodies for an hour, the 
signals were visualized by using enhanced chemilumines-
cence (ECL) and detected by AI600.

MTT assay. Thiazolyl blue tetrazolium bromide (MTT) 
was used to assess cell viability. 3000 cells were seeded in each 
well of 96-well plates and cultured in the incubator overnight. 
Each well of the plates was added with MTT reagent (#C0009, 
Beyotime) and continued incubating for 4 h at 37 °C. Culture 
media was removed and 100 μl DMSO (#67685, Sigma) was 
added to dissolve the crystals (BS941, Biosharp). The absor-
bance was measured at 570 nm.

Colony formation assay. A low density of 500–1000 cells/
well was seeded in 6-well plates and continued culturing for 
two weeks. Colonies were fixed in 4% paraformaldehyde 
followed by the staining with 0.5% crystal violet staining 
solution.

Wound healing assay. OC cells were seeded on 24-well 
plates and when the cells achieved full confluency, wounds 
were artificially scratched on cell monolayer by 200 μl pipette 
tips. The culture medium was discarded and then the cells 
were cultured in the medium without serum. Then wound 
healing photos were taken at the appropriate time, and the 
migrated cells were counted.

Transwell assay. Transwell chambers coated with matrigel 
(#3422, Corning) were used to perform a Transwell assay. 
Briefly, the upper chambers were seeded with 5×104 cells 
suspended in medium without serum, and medium with 
10% FBS was added onto the lower chambers. After incuba-
tion at 37 °C for 24 h, the cells were fixed in 4% paraformal-
dehyde and stained with 0.5% crystal violet. The number of 
invasive cells was counted on the microscope.

Chromatin immunoprecipitation (CHIP). EZ CHIP 
kit (EMD Millipore) was used to perform chromatin 
immunoprecipitation (CHIP). Briefly, formaldehyde was 
added to dishes and cells were cross-linked. Collected cells 
were sonicated on ice in an ultrasound bath, making the 
chromatin from 200 to 500 bp. Incubating with anti-IgG or 
anti-TRIM44 antibody overnight, immunoprecipitated DNA 
fragments were exacted using the kit. RT-qPCR was applied 
to detect the immunoprecipitated DNA fragments with 
primers for FRK.
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Animal experiment. Balb/c nude mice (4–5-week-old) 
were divided into sh-NC group and sh-TRIM44 group 
randomly. Established SKOV3 cells (sh-NC and sh-TRIM44) 
were subcutaneously inoculated into mice of the two groups. 
Tumor growth was observed and recorded every 5 days. 30 
days after inoculation, the mice were sacrificed and tumors 
were surgically dissected and subjected to western blot and 
RT-qPCR. The animal study was performed in accordance 
with the institutional guidelines for the care and use of 
laboratory animals.

Statistical analysis. GraphPad Prism 6 software was used 
to perform statistical analysis. All data were presented as the 
means ± SD from 3 independent experiments. Student’s t-test 
or ANOVA with Tukey’s post-hoc test was used to determine 
the difference between groups. Results were considered 
statistically significant when p<0.05.

Results

TRIM44 and FRK are abnormally expressed in OC cell 
lines and tissues. To explore the potential role of TRIM44 
and FRK in OC development, we first investigated TRIM44 
and FRK expression in 15 primary OC specimens and 
their paired 15 adjacent tissues by RT-qPCR and western 
blot. Compared to normal tissues, TRIM44 expression was 
upregulated while FRK expression was downregulated in OC 
tissues (Figures 1A, 1B). We next examined TRIM44 and FRK 
expression in OC cell lines. In accordance with the results 
in tissues, high expression of TRIM44 and low expression of 
FRK were observed in OC cell lines compared with normal 
ovarian HOSEpiC cells (Figures 1C, 1D). We analyzed the 
histotype of 15 tissue samples and patients’ data. Results 
showed that high expression of TRIM44 was significantly 
correlated with advanced TNM stage, larger tumor size, and 
lymph node metastasis, while it was not related to the patients’ 
age. And the low expression of FRK was significantly related 
to advanced TNM stage and lymph node metastasis while the 
tumor size and patients’ age were not related (Figures 1E, 1F). 
More than that, high expression of TRIM44 was correlated 
with a lower three-year survival rate and low expression of 
FRK was correlated with a higher three-year survival rate, 
implying the important role of TRIM44 and FRK in tumor 
progression (Figures 1G, 1H). These results indicated that 
TRIM44 and FRK might be involved in OC development.

Knocking down TRIM44 inhibits OC cells’ prolifera-
tion, migration, and invasion. To elucidate the exact function 
of TRIM44 in OC progression, we overexpressed or silenced 
TRIM44 by lentiviral transfection and examined its effect 
on OC cells’ proliferation, migration, and invasion. TRIM44 
expression was successfully inhibited in the sh-TRIM44 
group and significantly increased in the p-TRIM44 group 
(Figure 2A). As shown in Figures 2B–2E, silencing TRIM44 
significantly inhibited cell viability, proliferation, migration, 
and invasion, while the remarkable promotion was observed 
in the group of TRIM44 overexpression in both SKOV3 

and OVCAR3 cell lines. All these data suggested silencing 
TRIM44 inhibits OC cells’ proliferation, migration, and 
invasion.

FRK is a target gene of TRIM44 in OC. As shown in 
Figure 1, TRIM44 expression and FRK expression were 
negatively correlated to some extent, so we were interested 
to figure out the direct association between TRIM44 and 
FRK. It was reported TRIM44 might target FRK in renal 
cell carcinoma [22], so we performed a CHIP assay to detect 
the interaction between TRIM44 and FRK in SKOV3 and 
OVCAR3 cells. Results showed that TRIM44 could directly 
bind to the FRK gene both in SKOV3 and OVCAR3 cell 
lines (Figure  3A), suggesting FRK might be a target gene 
of TRIM44 in OC cells. Additionally, inhibition of TRIM44 
significantly promoted FRK expression, while overexpressing 
TRIM44 inhibited FRK expression (Figures 3B, 3C). These 
results implied that TRIM44 targeted FRK in SKOV3 and 
OVCAR3 cells.

TRIM44 promotes OC cells’ proliferation, migration, 
and invasion by inhibiting FRK. Furthermore, we wanted to 
explore whether TRIM44 facilitating OC development was 
related to FRK. Compared to the p-NC group, FRK expression 
was remarkably increased in the p-FRK group (Figure 4A). 
FRK overexpression notably inhibited OC cells viability, 
proliferation, migration, and invasion (Figures  4B–4E). 
However, when co-overexpressed with TRIM44, the inhibi-
tion caused by FRK was reversed (Figures 4B–4E). Altogether, 
these data suggested that TRIM44 promoted OC cells’ prolif-
eration, migration, and invasion by inhibiting FRK.

Knocking down TRIM44 inhibits SKOV3 tumor 
growth. In view of the in vitro results, we next investigated 
the in vivo effect of TRIM44 in SKOV3 xenografts. Knocking 
down TRIM44 significantly inhibited the tumor forma-
tion (Figures 5A, 5B), and the average tumor weight in 
the sh-TRIM44 group was much lower than in the control 
group (Figure 5C), indicating TRIM44 silencing inhibited 
SKOV3 tumor growth in vivo. TRIM44 and FRK expres-
sion were further investigated in the tumor tissues and the 
result indicated that TRIM44 expression was inhibited while 
FRK expression was notably increased in the sh-TRIM44 
group (Figures 5D, 5E). These results further demonstrated 
TRIM44 promoted OC development by inhibiting FRK.

Discussion

OC is the leading cause of gynecologic diseases related 
death [1]. Despite the notable advances in OC, current 
therapy still mainly depends on surgery as well as combined 
therapy [4]. Furthermore, about 25% of patients will develop 
chemoresistance and the majority ultimately experience 
recurrence [4, 13]. In this research, we observed TRIM44 was 
highly expressed either in OC cell lines or OC tissues, and 
analysis of histotype of tissues and patients’ data and Kaplan-
Meier Curve demonstrated that high TRIM44 expression 
and low FRK expression were correlated with tumor progres-
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Figure 1. TRIM44 and FRK are abnormally expressed in OC cell lines and tissues. A) RT-qPCR assay was performed to detect the relative mRNA level 
of TRIM44 and FRK in OC tissues (n=15). B) Relative protein expressions of TRIM44 and FRK in OC tissues were investigated by western blot (n=15). 
C) RT-qPCR was performed to detect the relative mRNA level of TRIM44 and FRK in OC cell lines. D) Western blot was used to investigate the relative 
protein level of TRIM44 and FRK in OC cell lines. E, F) RT-qPCR assay was used to detect the relative mRNA level of TRIM44 and FRK in OC tissues 
(n=15), and histotype and patients’ data were analyzed. (G–H) Kaplan-Meier Curve of TRIM44 expression and OC patient survival (n=50). *p<0.05, 
**p<0.01, ***p<0.001
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Figure 2. Knocking down TRIM44 inhibits OC cells’ proliferation, migration, and invasion. A) TRIM44 expression was manipulated by p-TRIM44 and 
shTRIM44, while p-NC and sh-NC were used as control, respectively. SKOV3 and OVCAR3 cells were transfected with sh-NC, sh-TRIM44, p-NC, and 
p-TRIM44, and relative mRNA expression of TRIM44 was detected by RT-qPCR. B) MTT assay was used to detect cell viability. C) Cell proliferation 
was investigated by conducting a colony formation assay. D) Wound-healing assay was performed to investigate cell migration. E) Transwell assay was 
performed to inspect cell invasion. *p<0.05, **p<0.01, ***p<0.001
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sion. Silencing TRIM44 significantly inhibited OC develop-
ment and malignant progression both in vitro and in vivo, 
indicating the oncogenic role of TRIM44 in OC. Further-
more, we demonstrated FRK was a target gene of TRIM44 
in OC, and TRIM44 promoted OC proliferation, migration, 
and invasion by inhibiting FRK.

Accumulating evidence has demonstrated that TRIM44 
participated in a variety of cancer development and displayed 
an oncogenic role [19, 20, 23, 24]. TRIM44 overexpression 
contributed to cell proliferation, migration, and invasion in 
lung cancer, colorectal cancer, and prostate cancer [18, 21, 
25]. Additionally, Liu et al. reported that TRIM44 could be 
used as a biomarker, which is valuable for clinical diagnosis 
and prognosis of cervical cancer [26]. A previous study has 
indicated that TRIM44 displayed high expression in epithe-
lial ovarian cancer (EOC) tissues and low expression in the 
normal ovarian tissues, and was collected with the prognosis 
of EOC [27]. However, the exact function and underlying 
mechanism remain unstated. In this research, we further 
confirmed that TRIM44 was highly expressed either in OC 
cell lines or OC tissues, in contrast to the normal control. 
An analysis of patients’ data further showed high TRIM44 
expression was related to advanced TNM stage, larger tumor 
size, and lower three-year survival rate. Besides, we found 

TRIM44 contributed to OC cell proliferation, migration, 
and invasion. Moreover, in vivo SKOV3 xenografts revealed 
silencing TRIM44 inhibited tumor formation and growth. 
All these data suggest TRIM44 plays an oncogenic role in 
OC, providing a potential target for OC therapy.

The fyn-related kinase (FRK) belongs to the BRK family 
kinases (BFKs), which is originally called RAK [28, 29]. 
Since it was identified in breast tissues and cells in 1993 [30], 
varieties of studies have revealed its involvement in diverse 
tumor progression [28]. FRK could function as a tumor 
promoter or tumor suppressor in different cancers [28]. 
Craven et al. have indicated FRK suppressed colony forma-
tion in NIH3T3 cells [31]. FRK inhibited tumorigenesis and 
progression in breast cancer, glioma, and lung cancer [32–35]. 
Apart from the highlighted function of the tumor suppressor, 
FRK also could promote cell growth and invasion in liver 
cancer, displaying as an oncogene [36, 37]. Yuta et al. reported 
TRIM44 facilitated renal cell carcinoma proliferation and 
migration via inhibiting FRK, suggesting FRK as a target gene 
in renal cell carcinoma [22]. However, an association between 
TRIM44 and FRK in OC remains poorly investigated. In this 
research, low expression of FRK was observed in OC tissues 
and cell lines, negatively correlated with TRIM44 expression. 
Additionally, by analyzing clinical samples, low FRK expres-

Figure 3. FRK is a target gene of TRIM44 in OC. A) FRK expression was manipulated by si-FRK and si-NC was used as a negative control. SKOV3 and 
OVCAR3 cells were transfected with si-NC and si-FRK, and cell lysates were used for the ChIP assay by using anti-IgG and anti-TRIM44 antibodies. B) 
sh-NC, sh-TRIM44, p-NC, and p-TRIM44 were transfected into SKOV3 and OVCAR3 cells, and RT-qPCR was performed to detect the relative mRNA 
expression of FRK. C) sh-NC, sh-TRIM44, p-NC, and p-TRIM44 were transfected into SKOV3 and OVCAR3 cells, and to detect the relative protein 
expression of FRK, western blot was performed. *p<0.05, **p<0.01, ***p<0.001
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Figure 4. TRIM44 promotes OC cells’ proliferation, migration, and invasion by inhibiting FRK. A) SKOV3 and OVCAR3 cells were plated followed 
by transfection with p-NC and p-FRK, and RT-qPCR was then applied to detect the FRK mRNA level. B) MTT assay was performed to investigate cell 
viability. C) In order to investigate cell proliferation, a colony formation assay was performed. D) Wound-healing assay was performed to investigate 
cell migration. E) Transwell assay was performed to investigate cell invasion. *p<0.05, **p<0.01, ***p<0.001

sion was found to correlate with advanced TNM stage and 
lower three-year survival rate. Moreover, FRK was identified 
to be the target gene of TRIM44 in OC. And FRK overex-
pression could facilitate OC cells’ proliferation, migration, 

and invasion, while co-expressed with TRIM44 reversed 
the effect. Our study demonstrated the FRK played a tumor 
suppressor role and TRIM44 facilitated OC cells prolifera-
tion, migration, and invasion via inhibiting FRK.
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In conclusion, this study indicated TRIM44 promoted 
OC cells’ proliferation, migration, and invasion, which was 
regulated by inhibiting FRK, providing new insights and 
potential strategy for OC treatment and prognosis.
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