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Introduction

Pancreatic cancer is a highly aggressive cancer type, which 
ranks in the fourth leading cause for all human malignancies (1),  
and it is reported that patients with pancreatic cancer are 
frequently accompanied with poor survival rates owing to 
its metastasis and limited diagnosis and therapy methods 
(2-4). Correspondingly, despite that genetic alterations 

of several paramount molecules has been reported to 
be associated with progression of pancreatic cancer, for 
instance, K-Ras (5), INK4a (6), Tp53 (7) and SMAD4 (8),  
effective drugs targeting them are hardly realized for 
clinic due to the off-target effects or the drug resistance. 
Thus, demand to pursue novel diagnosis biomarkers or 
therapeutic targets for pancreatic cancer patients is pressing 
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and molecular regulatory net on tumorigenesis of pancreatic 
cancer is expected to be further investigated. 

MicroRNAs (miRNAs) characterized as an endogenous 
small molecule RNA (9) have been estimated to be involved 
in the progression of a series of cancers, including pancreatic 
cancer (10). Mechanistically, miRNAs negatively regulate 
post-transcriptional expression of genes through suppression 
of protein translation or mRNA degradation (11).  
It is reported that miRNA-96 suppresses KRAS inhibiting 
pancreatic cancer cell proliferation and invasion (12), 
and it is also shown that microRNA-1179 represses 
pancreatic cancer cell development via targeting E2F5 (13). 
Nevertheless, candidate regulatory miRNAs in pancreatic 
cancer is poorly explored.

In recent years, microRNA-574-3p (miR-574-3p) that 
is located in 4p14 has been found to be connected with 
development of several cancers (14). It has been reported 
that miR-574-3p acts as a tumor suppressor in bladder 
cancer (14), while it is also manifested that miR-574-3p  
could inhibit osteosarcoma progression by virtue of 
targeting SMAD4 (15). Accordingly, the detailed role 
of miR-574-3p in carcinogenesis needs to be further 
determined. Given that the molecular link between SMAD4 
and pancreatic cancer is established, the role of miR-574-3p 
in the development of pancreatic cancer is expected to be 
illustrated. Emerging evidences have underscored that long 
non-coding RNAs (lncRNAs) with more than 200 nt act 
as multiple roles in human physiological and pathological 
conditions (16). Significantly, it is extensively known that 
lncRNAs regularly confer with miRNAs to function. It 
has been reported that lncRNAs behave as the sponge 
of miRNAs to negatively mediate their expression. For 
instance, PAGBC is proved to be the sponge of miR-133b 
and miR-511 microRNA sponge promoting gallbladder 
cancer development (17), and it is also shown that MAR1 
plays as the sponge of miR-487b to be implicated in skeletal 
muscle differentiation and regeneration (18). Hence, 
understanding the lncRNAs-miRNAs regulatory axis is of 
great importance to the progression of diseases. However, 
to date, few lncRNAs on miR-574-3p are investigated. 

 In this time research, we revealed the detailed role of 
miR-574-3p in pancreatic cancer. Remarkably, we showed 
that miR-574-3p was upregulated in pancreatic cancer 
tissues and cells via promoting cancer cell proliferation 
and inhibiting apoptosis. Additionally, FAM66C was 
demonstrated to interact with miR-574-3p and acted in 
concert with it to mediate progression of pancreatic cancer, 
hinting that FAM66C-miR-574-3p axis might be a putative 

therapeutic target for patients with pancreatic cancer.

Methods

Cell culture and transfection

Human CFPAC-1 and HPAC cell lines were purchased 
from the American Type Culture Collection (ATCC, United 
States) and cultured in DMEM (HyClone, United States) 
medium supplemented with 10% fetal bovine serum (Gibco, 
United States) and 1% penicillin/streptomycin (HyClone, 
United States). All cells were cultured in a humidified 
incubator equilibrated with 5% CO2 at 37 ℃; MiR-574-3p  
inhibitor, miR-574-3p mimics, siRNA of FAM66C and 
the negative control sequences were purchased from 
GenePharma (Shanghai, China). The sequences of 
FAM66C containing the putative binding sites of miR-
574-3p were synthetized from Sangon Biotech (Shanghai, 
China) and cloned into the pmirGLO Dual-Luciferase 
vector, and the FAM66C overexpression vector was also 
built into pcDNA3.1 vector via Sangon Biotech. All cells 
were transfected with Lipofectamine 3000 (Thermo, United 
States) according to the manufacturer’s recommendation. 
Lentiviral production and infection were implemented by 
Sangon Biotech (Shanghai, China) on CFPAC-1 cells. Each 
experiment was performed in triplicate and repeated at least  
3 times. The detailed sequences (5'-3') were shown in Table 1.

RNA extraction and quantitative real-time PCR (qPCR)

TRIzol and chloroform were employed to purify RNA 
from tissues or cells. Briefly, tissues or cells were lysed with 
TRIzol and the supernatant was collected with isopropanol 
for further purification. RNA precipitates were obtained 
after centrifugation and then dissolved with nuclease-free 
water; Reverse transcription with RT-PCR kit (Transgene, 
China) was used to synthesize the cDNA according to 
the manufacturer’s instruction; The relative mRNA 
expression was detected by LightCycler480 II Sequence 
Detection System (Roche, Switzerland) and GAPDH or 
U6 was employed as the internal normalizer. The results 
were calculated using 2−ΔΔct method. The sequences of the 
primers used were shown in Table 2.

Western blot analysis

Tissues were ground and then lysed with RIPA lysis 
buffer supplemented with proteinase inhibitors cocktail 
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(Roche, Switzerland) for 30 min. These proteins were then 
separated by 10% SDS-PAGE. After that, proteins were 
transferred to NC membrane (Pall Corporation, United 
States) for 90 min with 400 mA. Membranes were blocked 
with 5% skim milk for 1 h at room temperature and the 
indicated primary antibodies were used for incubation at  
4 ℃ overnight, including PCNA, CDK2, Cyclin A1, TP53, 
Bax, Cleaved-Caspase-3 and GAPDH, which were all from 
Proteintech. The next day, membranes with incubation 
of primary antibodies were washed with TBST and then 
incubated with secondary antibodies (Proteintech, China) 
for 1h at room temperature. Luminol buffer from Santa 
were used for the exposure.

Luciferase reporter assay

The miR-574-3p binding sequences FAM66C and the 
mutant were constructed into pmirGLO Dual-Luciferase 
vector to build the FAM66C-wild type and FAM66C-
mutant plasmids. And then plasmids were transfected 
into pancreatic cancer cell cells together with scramble,  
miR-574-3p mimics or anti-miR- miR-574-3p. The relative 
luciferase activity was calculated by the Dual-Glo Luciferase 

Assay System according to manufacturer’s suggestions 
(Promega, United States).

Cell proliferation assay

CCK8 (MedChem Express, China) was used to detect the 
cell proliferative capacity according to the manufacturer’s 
guide. Briefly, pancreatic cancer cells were seeded into 96-
well plates and 10 μL CCk-8 solution was added at the 
indicated times. Then the cell viability was determined by 
measuring the absorbance at wavelengths 450 nm using a 
Microplate Reader (Bio Tek, Bio Tek).

Colony formation assay

Pancreatic cancer cells were plated in six-well plates and 
incubated for 2 weeks. Then the colonies were washed, fixed 
with 4% formaldehyde and stained with 0.1% crystal violet.

Cell apoptosis assay

The Annexin V-FITC Apoptosis Detection Kit (Abcam, 
BioTek) was used to test the apoptosis of pancreatic 

Table 1 Mimic and inhibitor of miR-424-5p and siRNA sequences of FAM66C

Genes and RNAs Sequence (5'-3')

FAM66C CACCUGCGGAGACUUUAAAUU

miR-574-3p-mimic CACGCUCAUGCACACACCCACA 

miR-574-3p-inhibitor CACGCUCAUGCACACACCCACA

Table 2 Primers of qPCR

Genes and RNAs Primers (5'-3')

FAM66C F: AGGAAGCCTGAGGTGTAGCA; R: CACTCTCCCACCCATCACTT

miR-574-3p F: CACGCTCATGCACACA; R: GTGCAGGGTCCGAGGT

PCNA F: CCTGCTGGGATATTAGCTCCA; R: CAGCGGTAGGTGTCGAAGC

CDK2 F: CCAGGAGTTACTTCTATGCCTGA; R: TTCATCCAGGGGAGGTACAAC

Cyclin A1 F: GAGGTCCCGATGCTTGTCAG; R: GTTAGCAGCCCTAGCACTGTC

Bax F: CCCGAGAGGTCTTTTTCCGAG; R: CCAGCCCATGATGGTTCTGAT

TP53 F: CAGCACATGACGGAGGTTGT; R: TCATCCAAATACTCCACACGC

Caspase-3 F: CATGGAAGCGAATCAATGGACT; R: CTGTACCAGACCGAGATGTCA

U6 F: CTCGCTTCGGCAGCACA; R: AACGCTTCACGAATTTGCGT

GAPDH F: TCGGAGTCAACGGATTTGGT; R: TTCCCGTTCTCAGCCTTGAC
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cancer cell based on the manufacturer’s instructions with 
a flow cytometer (FACSCalibur, Becton–Dickinson, 
United States). Data were analyzed by Cell-Quest 
software.

Xenograft

Male C57BL/6 nude mice with 6–8-week were purchased 
from Charles River (Beijing, China). Animal study have 
been approved by animal Ethics Committee of Nanjing 
Medical University (Approval number: NMU-2018-
365) and performed according to guidelines. CFPAC-1  
(2×106 cells) cells were implanted into the flanks of nude 
mice. After 4 weeks, tumors were resected and measured for 
volumes.

Statistical analysis

All data in this study were represented as the mean ± 
standard deviation (mean ± SD) and analyzed by SPSS 22.0 
by a t-test. A P value less than 0.05 was considered to be 
statistically significant.

Results

MiR-574-3p was upregulated in pancreatic cancer tissues 
and cells

To address the role of miR-574-3p in the progression 

of pancreatic cancer, GEO2R analysis was employed 
to examine the expression of miR-574-3p in pancreatic 
cancer and normal tissues initially with the interrogation 
of GSE41369. The results showed that miR-474-3p 
were upregulated in cancer tissues (Figure 1A). We then 
determined the mRNA expression level of miR-574-3p 
between cancer and its adjacent tissues that was confirmed by 
H&E staining (Figure 1B). Our data found that miR-574-3p  
was significantly higher in cancer tissues than normal 
tissues (Figure 1C). Further interrogation of miR-574-3p 
expression across pancreatic cell lines revealed that it had a 
higher mRNA levels in pancreatic cancer cells than normal 
cells (Figure 1D). Taken together, these data hinted that 
miR-574-3p might exert role of contributing to pancreatic 
cancer progression.

Depletion of miR-574-3p inhibited proliferation and 
promoted apoptosis of pancreatic cancer cells

To further delineate the biological function of miR-574-3p  
in pancreatic cancer progression, the role of miR-574-3p 
in pancreatic cancer cell proliferation and apoptosis was 
investigated. Given the high expression of miR-574-3p in 
pancreatic cancer, inhibitor of miR-574-3p was used to 
examine the effects of it on cellular behaviors. Scramble 
RNA and anti-miR-574-3p were transfected into pancreatic 
cancer CFPAC-1 and HPAC cell lines and the knockdown 
efficiency was detected by qPCR. As the data shown  
(Figure 2A,B), the anti-miR-574-3p functioned remarkably 

Figure 1 MiR-574-3p was upregulated in pancreatic cancer tissues and cells. (A) Interrogation of GSE41369 by GEO2R. (B) HE staining 
showed the morphological changes of pancreatic cancer tissues. (C) Expression of miR-574-3p in pancreatic cancer and adjacent tissues was 
detected by qPCR, #P<0.01 represents the comparison to adjacent tissues. (D) Expression of miR-574-3p in pancreatic cancer and normal 
cells was detected by qPCR, #P<0.01 represents the comparison to HPC-Y5 cells.
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in these two cell lines, cell proliferation and apoptosis 
analysis were then implemented in both CCK8 and colony 
formation experiments were employed to examine the cell 
proliferative capacity. With the knockdown of miR-574-3p,  
cell viability of CFPAC-1 and HPAC cells decreased 
contrast to control group (Figure 2C,D). Similarly, colony 
numbers were reduced overtly after transfection of anti-
miR-574-3p (Figure 2E,F). Since PCNA (19), CDK2 (20) 
and Cyclin A1 (21) have been reported to be proliferative 
markers that represented the cell proliferative capacity, 
mRNA levels of them were detected when the miR-574-3p  
was depleted. The data showed that mRNA levels of 
these proteins declined significantly after transfection of 
anti-miR-574-3p both in CFPAC-1 and HPAC cell lines  
(Figure 2G,H).

To further clarify the effects of miR-574-3p on pancreatic 
cancer development, apoptosis assay on CFPAC-1 and 
HPAC cells was performed. After cells were transfected with 
anti-miR-574-3p for 48 h, they were collected and analyzed 
by flow cytometry. We found that apoptosis rates were only 
about 1% in control group, whereas the apoptosis rates 
increased to nearly 8% after knockdown of miR-574-3p  
(Figure 2I,J). Consistently, mRNA levels of apoptosis 
markers including Bax, TP53 and Caspase-3 elevated 
with the transfection of anti-574-3p (Figure 2K,L). Taken 
together, our results indicated that miR-574-3p might 
contribute to pancreatic cancer progression via promoting 
cell proliferation and inhibiting cell apoptosis.

FAM66C regulated expression of miR-574-3p

To further explore the molecular  mechanisms of  
miR-574-3p in progression of pancreatic cancer, its 
potential interactors were screened. Previous researches 
have found that that miRNAs interacted with lcnRNAs 
and functionally interwined. Hence, it would be a safe 
assumption that one putative lncRNA interacted with  
miR-574-3p and is functionally connected with miR-574-3p 
to be involved in pancreatic cancer progression. By virtue of 
online bioinformatics tool, we found a significant negative 
correlation between lncRNA FAM66C and miR-574-3p 
(r=−0.331, P=6.46e-06) (Figure 3A). 

To further demonstrate the association between FAM66C 
and miR-574-3p, we constructed the wild-type (WT) 
and mutant (Mut) FAM66C luciferase reporter plasmids 
that contained the wild-type and mutant binding sites of  
miR-574-3p, respectively (Figure 3B). Correspondingly, the 
WT and Mut luciferase reporter plasmids were transfected 

together with control RNA, miR-574-3p mimics and anti-
miR-574-3p to the CFPAC-1 and HPAC cells, and the 
luciferase activity was measured. The results showed that 
the luciferase activity decreased after overexpression of 
miR-574-3p and elevated with the transfection of anti-
miR-574-3p in WT group, whereas the difference was 
completely counteracted when the mutant plasmids were 
transfected into cells (Figure 3C). 

To further corroborate the association between FAM66C 
and miR-574-3p, RNA immunoprecipitation (RIP) assay 
with the antibodies against IgG and Argonaute2 (Ago2) was 
implemented in CFPAC-1 and HPAC cells. The results 
showed that levels of FAM66C and miR-574-3p in Ago-2  
immunoprecipitates were significantly higher than IgG 
group in both of cells, which further sustained the functional 
link between miR-574-3p and FAM66C (Figure 3D,E). 
Moreover, we found that levels of miR-574-3p decreased 
and increased after overexpression and knockdown of 
FAM66C separately (Figure 3F), suggesting that FAM66C 
might negatively regulate expression of miR-574-3p as a 
competing endogenous RNA (ceRNA). Additionally, with 
the transfection of miR-574-3p mimics and anti-574-3p 
into the CFPAC-1 and HPAC cells, levels of FAM66C also 
decreased and increased, respectively (Figure 3G), hinting 
a potential reciprocal regulation between FAM66C and  
miR-574-3p. Taken together, our data suggested that 
FAM66C could sponge the miR-574-3p and negatively 
mediate its expression at the molecular level.

FAM66C inhibited proliferation and promoted apoptosis of 
pancreatic cancer cells

As stated above, FAM66C was identified as the ceRNA of 
miR-574-3p and miR-574-3p was verified to be a tumor 
promoter in pancreatic cancer cells, then it was a plausible 
assumption that FAM66C could suppress the progression 
of pancreatic cancer. Initially, online tool GEPIA was used 
to address the survival time of pancreatic patients with 
differential expression of FAM66C. The data showed that 
the lower FAM66C expression was significantly associated 
with a poorer overall survival rates in pancreatic patients 
(P=0.037, HR=0.65) (Figure 4A). Correspondingly, we 
found that levels of FAM66C were significantly lower in 
pancreatic cancer tissues compared to its adjacent tissues 
(Figure 4B), which further supported the tumor suppressor 
role in pancreatic cancer. 

To further  c lar i fy  the funct ion of  FAM66C in 
pancreatic cancer, the effects of FAM66C on pancreatic 
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Figure 2 Depletion of miR-574-3p inhibited proliferation and promoted apoptosis of pancreatic cancer cells. (A,B) qPCR was used to 
detect the expression of miR-574-3p after the transfection of anti-miR-574-3p. (C,D) CCK8 assay was used to detect the cancer cell viability 
after the transfection of anti-miR-574-3p. (E,F) Colony formation assay was used to detect the cancer cell proliferative capacity after the 
transfection of anti-miR-574-3p. (G,H) Expression of proliferative related genes was detected by qPCR after the transfection of anti-miR-
574-3p. (I,J) Annexin V-FITC/PI staining assay was used to examine the cancer cell apoptosis after the transfection of anti-miR-574-3p. (K,L) 
Expression of apoptosis related genes was detected by qPCR after the transfection of anti-miR-574-3p. #P<0.01 represents the comparison 
to scramble group.

A B C D

E F G H

I J K L

1.5

1.0

0.5

0.0

1.5

1.0

0.5

0.0

180

150

120

90

60

30

0

10

8

6

4

2

0

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

1.5

1.0

0.5

0.0

1.5

1.0

0.5

0.0

1.8

1.5

1.2

0.9

0.6

0.3

0.0

1.8

1.5

1.2

0.9

0.6

0.3

0.0

Scr
am

ble

Scr
am

ble

CFPAC-1

#
#

#

#

#

#
#

#

# #
#

#
#

#

#

##

#
#

#
#

#
#

#

CFPAC-1

CFPAC-1 Bax BaxTP53 TP53Caspase-3 Caspase-3

Scramble

C
FP

A
C

-1

Th
e 

nu
m

be
r 

of
 c

ol
on

y

R
el

at
iv

e 
m

R
N

A
 le

ve
ls

(fo
ld

 o
f s

cr
am

bl
e)

R
el

at
iv

e 
m

R
N

A
 le

ve
ls

(fo
ld

 o
f s

cr
am

bl
e)

R
el

at
iv

e 
m

R
N

A
 le

ve
ls

(fo
ld

 o
f s

cr
am

bl
e)

R
el

at
iv

e 
m

R
N

A
 le

ve
ls

(fo
ld

 o
f s

cr
am

bl
e)

H
PA

C

Scramble

P
I

Annexin V-FITC

C
el

l a
po

pt
os

is
 (%

 )

CFPAC-1

CFPAC-1

CFPAC-1

HPAC

HPAC

HPAC

Anti-miR-574-3p

Anti-miR-574-3p

HPAC

HPAC

HPAC

PCNA PCNACDK2 CDK2Cyclin A1 Cyclin A1

CFPAC-1 HPAC

0            24           48          72 0            24           48          72
Hours Hours

Scramble

Anti-miR-574-3p

Scramble
Anti-miR-574-3p

Scramble
Anti-miR-574-3p Scramble

Anti-miR-574-3p
Scramble
Anti-miR-574-3p

Scramble
Anti-miR-574-3p

Scramble
Anti-miR-574-3p

Scramble

Anti-miR-574-3p

Ant
i-m

iR
-5

74
-3

p

Ant
i-m

iR
-5

74
-3

p

R
el

at
iv

e 
m

iR
-5

74
-3

p 
le

ve
ls

(fo
ld

 o
f m

oc
k)

R
el

at
iv

e 
m

iR
-5

74
-3

p 
le

ve
ls

(fo
ld

 o
f M

oc
k)

C
C

K
-8

 (O
D

45
0 

nm
)

C
C

K
-8

 (O
D

45
0 

nm
)



1812 Zhu et al. FAM66C suppresses pancreatic cancer via miR-574-3p

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2020;9(3):1806-1817 | http://dx.doi.org/10.21037/tcr.2020.02.24

cancer cell proliferation and apoptosis were investigated. 
Considering the low expression of FAM66Cin pancreatic 
cancer, plasmids containing the wild-type FAM66C were 
transiently transfected into cells to examine the effects on 
cellular behaviors. With the overexpression of FAM66C, 
we uncovered that cell viability was reduced overtly via 
CCK8 assay in CFPAC-1 and HPAC cells (Figure 4C,D). 

In addition, colony formation was also employed to detect 
proliferative capacity of pancreatic cancer cells and the 
results revealed that colony numbers decreased after the 
transfection of FAM66C (Figure 4E,F). Moreover, mRNA 
levels of PCNA, CDK2 and Cyclin A1 was measured by 
qPCR and the data showed that their expression declined 
notably with the gain function of FAM66C in both of 

Figure 3 FAM66C regulated expression of miR-574-3p. (A) Correlation between the expression of FAM66C and miR-574-3p was analyzed 
with the online bioinformatics tool (STARBASE). (B) Binding site of miR-574-3p on FAM66C was shown. (C) Luciferase reporter assay was 
used to detect luciferase activity of FAM66C with overexpression and knockdown of miR-574-3p, #P<0.01 represents the comparison to control 
group. (D,E) RIP assay was examined by qPCR, #P<0.01 represents the comparison to IgG group. (F) Expression of miR-574-3p was examined 
by qPCR after overexpression and knockdown of FAM66C, #P<0.01 represents the comparison to control group. (G) Expression of FAM66C 
was examined by qPCR after overexpression and knockdown of miR-574-3p, #P<0.01 represents the comparison to control group.
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Figure 4 FAM66C inhibited proliferation and promoted apoptosis of pancreatic cancer cells. (A) Correlation between FAM66C and 
prognosis of cancer patients was analyzed by GEPIA tool. (B) Expression of FAM66C in pancreatic cancer and adjacent tissues was detected 
by qPCR. (C,D) CCK8 assay was used to detect the cancer cell viability after the transfection of FAM66C. (E,F) Colony formation assay was 
used to detect the cancer cell proliferative capacity after the transfection of FAM66C. (G,H) Expression of proliferative related genes was 
detected by qPCR after the transfection of FAM66C. (I,J) Annexin V-FITC/PI staining assay was used to examine the cancer cell apoptosis 
after the transfection of FAM66C. (K,L) Expression of apoptosis related genes was detected by qPCR after the transfection of FAM66C.  
#P<0.01 represents the comparison to control group.
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cells (Figure 4G,H). Next, cell apoptosis was detected 
and we found that apoptosis rates elevated over 6-fold to 
control group in CFPAC-1 and HPAC cells (Figure 4I,J). 
Additionally, we also examined the expression of Bax, TP53 
and Caspase-3 and the data revealed that their mRNA 
levels increased remarkably through the overexpression of 
FAM66C in both of cells (Figure 4K,L). Taken together, our 
data sustained that FAM66C might be a bona fide tumor 
suppressor via inhibiting cell proliferation and promoting 
cell apoptosis of pancreatic cancer.

FAM66C coordinated with miR-574-3p to orchestrate the 
tumor growth of xenograft in nude mice

As mentioned above, FAM66C and miR-574-3p were 
functionally intertwined at the molecular level and both 
were involved in the progression of pancreatic cancer, we 
then reasoned that they might coordinate with each other 
in the development of pancreatic cancer. To confirm this 
hypothesis, nude mice xenograft assays were performed 
in CFPAC-1 cells that were transfected with lentiviruses 
carrying vector and scramble RNA or lenti-miR-574-3p 
and lenti-FAM66C together with lenti-miR-574-3p. Four 
weeks later, the tumors were dissected and their volume and 
weight was measured, respectively. The results showed that 
tumor volume and weight decreased significantly after the 
overexpression of miR-574-3p (Figure 5A,B,C), which was 
consistent with the role of miR-574-3p in pancreatic cancer 
cells. Importantly, further overexpression of FAM66C in 
CFPAC-1 cells could partially neutralize the inhibitory 
effects (Figure 5A,B,C), which further sustaining the role of 
FAM66C in suppressing the pancreatic cancer development. 

Additionally, we detected the mRNA and protein levels 
of proliferative and apoptosis markers separately in the 
tumor tissues. The data showed that mRNA and protein 
levels of PCNA, CDK2 and Cyclin A1 was reduced via 
the overexpression of miR-574-3p, which could be offset 
by further overexpression of FAM66C (Figure 5D,E). 
Oppositely, mRNA and protein levels of Bax, TP53 and 
Caspase-3 elevated overtly after transfection of miR-574-
3p, which could be rescued after together transfection of 
FAM66C (Figure 5D,E). Taken together, our data suggested 
that FAM66C could work in concert with miR-574-3p to 
regulate the tumor growth of xenograft in nude mice.

Discussion

Emerging evidence has revealed that miRNAs exert crucial 

roles in the tumorigenesis of several cancers. It is reported 
that miR-362 could inhibit cell proliferative and invasive 
capacity of cervical cancer (22), and it is also shown that 
miR19b-3p acts as a tumor suppressor in colorectal cancer 
via targeting ITGB8 (23). Across these miRNAs, miR-574-
3p has been extensively accepted as a tumor suppressor role 
in cancers, for instance, breast cancer (24), gastric cancer (25) 
and bladder cancer (14), while it also has been documented 
to be a tumor promoter in osteosarcoma (15). Clearly, 
the role of miR-574-3p in cancer remains to be further 
explored. Notably, rare study is investigated on miR-
574-3p in pancreatic cancer and its underlying molecular 
mechanism is largely elusive.

In this time study, we revealed a tumor promoter role of 
miR-574-3p in pancreatic cancer for the first time, which 
was consistent to the previous study (15). Our data found 
that miR-574-3p was upregulated in pancreatic cancer 
tissues and cells, and it contributed to cancer progression 
probably via accelerating cell proliferation and inhibiting 
cell apoptosis. Significantly, these results not only hint a 
putative role of miR-574-3p as the diagnostic or prognostic 
role of pancreatic cancer patients in clinic, but also support 
the potential therapeutic target for the clinical patients.

Massive studies have showed that miRNAs and lncRNAs 
are functionally intertwined and it is broadly known that 
lncRNAs act as the sponge of the miRNAs to inhibit their 
function. For instance, it is reported that lncRNA H19 
promotes the colorectal cancer cell invasive capacity by 
sponging miRNAs (26). Thus, to further delineate the 
molecular mechanism of miR-574-3p in pancreatic cancer, 
its potential sponge lncRNA was figured out by virtue of 
bioinformatics tool. Intriguingly, our results revealed a 
novel lncRNA, FAM66C, which was significantly correlated 
with miR-574-3p with poor research. Importantly, FAM66C 
was verified to be the sponge of miR-574-3p and negatively 
mediate its expression. Notably, we found that a reciprocal 
regulation might exist between FAM66C and miR-574-3p 
cause that levels of FAM66C increased after depletion of 
miR-574-3p. Additionally, we also uncovered the biological 
role of FAM66C in the development of pancreatic cancer 
and our data showed that FAM66C inhibited proliferation 
and promote apoptosis of pancreatic cancer cells. Moreover, 
with the xenograft tumor assay in nude mice, coordination 
between FAM66C and miR-574-3p was observed in the 
progression of pancreatic cancer. These results also provide 
a novel biomarker for patients with pancreatic cancer. 
Momentously, the authenticated FAM66C-miR-574-3p 
signaling axis confers more therapeutic choice for clinical 
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Figure 5 FAM66C coordinated with miR-574-3p to orchestrate the tumor growth of xenograft in nude mice. (A) Tumor volumes was 
measured after 4 weeks; (B) tumor was shown; (C) tumor weight was measured after 4 weeks; (D) proliferative and apoptosis related genes 
expression was examined by qPCR in tumor tissues; (E) proliferative and apoptosis related protein expression was examined by qPCR in tumor 
tissues. #P<0.01 represents the comparison to pcDNA + scramble group; ФP<0.01 represents the comparison to FAM66C + miR-574-3p group.

pancreatic cancer patients.
Nevertheless, considering the multiple cellular function 

of FAM66C and miR-574-3p, their role in pancreatic 
cancer remains to be further explored in the future study. 
Moreover, the potential target of miR-574-3p in the 
pancreatic cancer is expected to be further investigated.

In conclusion, we report here that lncRNA FAM66C 
inhibits pancreatic cancer progression by sponging miR-574-
3p, revealing a novel FAM66C-miR-574-3p signaling axis 
in the progression of pancreatic cancer and also the putative 

diagnostic markers and therapeutic targets for patients.
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