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Abnormal expression of lncRNA UCA1 disturbed cell apoptosis through 
mediating mitochondrial dynamics in PDAC 
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A great number of studies have shown the pivotal role of mitochondria in cancer progression and numerous studies 
indicated that lncRNAs are involved in tumor metabolism. However, the relationship between UCA1 and mitochondria in 
PDAC remains unclear. Here, we reported for the first time that UCA1-driven change in mitochondrial dynamics induced 
mitochondrial apoptotic pathway in PDAC. In this research, data mining revealed that upregulated UCA1 occurred in 
PDAC patients, which meant a high likelihood of a poor prognosis. Following, UCA1 silencing could notably decrease cell 
viability and induce cell apoptosis. Further research revealed that UCA1 silencing could induce more cytochrome c localiza-
tion in the cytosol, which triggered the mitochondrial apoptotic pathway in PDAC cell lines. Meanwhile, the morphological 
analysis showed significantly enhanced mitochondrial fragmentation presented in UCA1 knockdown cells, coupled with 
increased expression of Drp1 and Fis1, together with an activation form of Drp1, which would promote mitochondria 
fission. Additional, mitochondrial fission inhibitor Mdivi1 markedly reversed the effects of the UCA1 knockdown on cell 
apoptosis in PDAC. Collectively, we deduce that UCA1-driven change in mitochondrial dynamics induced the mitochon-
drial apoptotic pathway in PDAC. Therefore, lncRNA UCA1 could be considered as a promising therapeutic target for the 
poor prognosis in PDAC. 
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Pancreatic ductal adenocarcinoma (PDAC), a common 
malignancy of the digestive tract, possesses a high fatality 
rate worldwide with a 5-year survival of less than 5% [1]. 
Despite the great advancement of diagnosis and treatment 
has been made, most of the PDAC patients are difficult to be 
diagnosed at early stages due to the lack of obvious symptoms 
and effective early detection methods [2]. Therefore, more 
efforts should be paid to elucidate tumorigenesis. And novel 
strategies for early detection and treatment are urgent to be 
developed.

Long non-coding RNAs (lncRNAs), a group of RNAs (> 
200 nt) with no coding capacity due to an incomplete open 
reading frame [3], have been reported to exert a role in 
multiple biological processes, including chromatin modifi-
cation [4], X-chromosome inactivation [5], microRNA 
sponging [6], etc. Accumulating evidence has linked 
dysregulation of lncRNAs with various malignant tumors 
[7], including urothelial carcinoma associated 1 (UCA1). 
In breast cancer, the Wnt/β-catenin signaling pathway was 
active to promote EMT by UCA1 [8]. In PDAC, upregu-

lated UCA1 promotes tumorigenesis via regulating the 
Hippo pathway [9]. In bladder cancer, UCA1 is involved in 
regulating the Warburg effect through the mTOR/STAT3/
miR-143/HK2 signaling pathway [10]. Moreover, UCA1 
could enhance mitochondrial function through the UCA1/
miR-195/ARL2 axis in bladder cancer [11]. However, few 
studies were carried out to explore whether UCA1 partici-
pates in mitochondrial function in PDAC.

In this study, we investigated the roles and the mechanism 
undergoing in the PDAC progress of UCA1. As well, the 
current study provides the first evidence that UCA1-driven 
change in mitochondrial dynamics induced the mitochon-
drial apoptotic pathway in PDAC.

Materials and methods

Data mining. The Kaplan-Meier plotter, an online analysis 
tool, was used to analyze the relationship between UCA1 
expression and patients’ outcomes (http://kmplot.com/
analysis/). Log-rank p-values were calculated and displayed. 
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The GEO (GSE16515) and TCGA datasets were used in this 
study to analyze UCA1 in PDAC. The GEO datasets can be 
found at https://www.ncbi.nlm.nih.gov/geo.

Cell culture. Human PDAC cell lines and the non-malig-
nant hTERT-HPNE (HPNE) cells were cultured in a complete 
DMED medium with 10% FBS at 37 °C with 5% CO2. ASPC1 
and SW1990 were transfected with lentivirus (lentivirus-sh-
UCA1 or empty vehicle control) in the presence of 8 μg/ml 
polybrene (Sigma) and screened with 2 μg/ml puromycin 
(Sangon, Shanghai) for 2 weeks.

Real-time PCR. Total RNA was isolated using RNAiso 
Plus (Takara) according to the manufacturer’s protocol. 
cDNA was synthesized using the RevertAid First Strand 
cDNA Synthesis kit (Takara). The mRNA expression was 
measured by using an SYBR Green qPCR assay (Roche). 
Primers for the qRT-PCR were as follows: U6 primer 
forward, 5’-CTCGCTTCGGCAGCACA-3’ and reverse, 
5’-AACGCTTCACGAATTTGCGT-3’; UCA1 primer 
forward, 5’-TTTGCCAGCCTCAGCTTAAT-3’ and reverse, 
5’-TTGTCCCCATTTTCCATCAT-3’. The 2−ΔCt method was 
used to calculate the relative levels of gene expression.

Cell transfection. Lentiviral vector expressing shRNA-
UCA1 and the corresponding negative control shRNA-NC 
were purchased from GeneChem (Shanghai, China). Cell 
infection was performed following the manufacturer’s 
protocol. Cells stably transfected with shRNA-UCA1 or 
shRNA-NC were selected by puromycin (2 μg/ml). The 
shRNA sequence as shown below: shRNA-UCA1-1 Sense: 
GUUAAUCCAGGAGACAAAGATT, Antisense: UCUUU-
GUCUCCUGGAUUAACTT; shRNA-UCA1-2 Sense: 
GGACAACAGUACACGCAUAdTdT, Antisense: TATGC-
GTGTACTGTTGTCCdTdT.

CCK-8 assay. 96-well plates were seeded with 5 × 103 
cells/well (100 μl/well) and cultured at 37 °C. The absorbance 
at 450 nm was monitored with 10 μl Cell Counting Kit-8 
(CCK-8, WST-8, Dojindo, Japan) per well using a microplate 
reader. The experiment was 3 times repeated.

Western blot analysis. Western blot studies were 
performed as previous describe [12]. The primary antibodies: 
Bax (ab32503, Abcam), Bcl2 (2876, CST), Bcl-xl (2762, CST), 
Drp1 (8570, CST), Fis1 (sc-98900, Santa), cytochrome c 
(ab133504, Abcam), cleaved Caspase-3 (ab2302, Abcam), 
cleaved Caspase-9 (52873, CST), COX-IV (MA5-15078, 
Thermo), and α-tubulin (ab7291, Abcam).

Annexin V/PI staining assay. This assay was performed 
as previously reported [13].

Caspase activity assay. Caspase Activity Assay Kit 
(Beyotime, China) was used to measure caspase-3 and 
caspase-9 activities in accordance with the manufacturer’s 
protocol.

Mitochondrial morphometrics. MitoTracker®Red 
(Invitrogen) was used to stain mitochondria according to 
the manufacturer’s instruction. A laser scanning confocal 
microscope was used to acquire images. Mitochondrial 
morphology was quantified as described before [14].

Statistical analysis. GraphPad 7.0 was used to carry out 
statistical analysis by Student’s t test. Cumulative survival 
time was calculated by the Kaplan-Meier method. A p-value 
<0.05 was considered as statistically significant.

Results

Aberrant overexpression of UCA1 predicted poor 
prognosis in PDAC patients. As a first attempt to identify 
the relationship between UCA1 and prognosis in multiple 
common digestive tract tumors, including esophagus 
adenocarcinoma, esophagus squamous cell carcinoma, liver 
hepatocellular carcinoma, pancreatic ductal adenocarcinoma 
(PDAC), rectum adenocarcinoma, and stomach adenocar-
cinoma, we conducted analysis utilizing the online Kaplan 
Meier plotter (http://kmplot.com/analysis/). Interestingly, 
statistically significant only existed in PDAC about UCA1 
expression and prognostic, when set the mRNA expres-
sion median as a cutoff. As shown in Figure 1A, p-value 
was <0.05 in UCA1 expression and overall survival (OS), as 
well as in UCA1 expression and relapse-free survival (RFS). 
Further analysis showed that poor OS and median survival 
time (18.93 vs. 24.46 months) existed in PDAC patients 
with high UCA1 expression (log-rank p=0.014, Figure 1B). 
Similar trend existed in UCA1 expression and RFS (log-rank 
p=0.023, 12.6 vs. 32.9 months, Figure 1C). Meanwhile, we 
verified that high UCA1 expression was strongly correlated 
with poor OS in TCGA (Figure 1D). Following, data mining 
in GSE16515 showed the top 20 lncRNAs, which were abnor-
mally increased in PDAC tissues and UCA1 was one of the 
upregulated lncRNAs (Figure 1E). Similarly, notably higher 
UCA1 expression was verified in pancreatic tumor tissues 
than in normal tissues (p<0.001, Figure 1F). And, dramati-
cally upregulated UCA1 expression was observed in multiple 
PDAC cell lines (PANC1, Capan1, SW1990, Capan2, ASPC1, 
and HPAC) compared with that in the nonmalignant hTERT-
HPNE (HPNE) cells (Figure 1G).

UCA1 silencing could suppress cell proliferation. To 
determine the role of UCA1 on PDAC cell viability, ASPC1 and 
SW1990 cells were selected to transfect with shRNA-UCA1 
(Figures 2A, 2B), respectively. The CCK-8 assay showed that 
UCA1 silencing significantly inhibited cell viability rates in 
ASPC1 (Figure 2C) and SW1990 (Figure 2D) cells, compared 
to the control cells. What’s more, a similar phenomenon was 
shown by the colony formation assay (Figures 2E, 2F).

UCA1 silencing induced cell apoptosis in PDAC. The 
process of cell apoptosis was involved in tumor progres-
sion, including PDAC. The results of the gene set enrich-
ment analysis (GSEA) indicated that high UCA1 expression 
was positively correlated with PDAC (Figure 3A) and cell 
apoptosis (Figure 3B). Hence, we conducted the Annexin 
V-PI assay to analyze the cells’ apoptosis with UCA1 knock-
down or without. The results showed that UCA1 knockdown 
resulted in a significant increase of cell apoptosis in ASPC1 
and SW1990 cells, compared to the control cells (Figures 3C, 
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Figure 1. Upregulated UCA1 expression predicted the poor prognosis in PDACs. A) The p-value distribution of OS and RFS about lncRNA UCA1 ex-
pression in multiple common digestive tract tumors analyzed by Kaplan Meier plotter (http://kmplot.com/analysis/). B) Kaplan-Meier plotter showed 
poor OS and median survival time existed in PDAC patients with high lncRNA UCA1 expression (log-rank p=0.014, HR=1.69). C) Kaplan-Meier 
plotter showed poor RFS and median survival time existed in PDAC patients with high lncRNA UCA1 expression (log-rank p=0.023, HR=2.65). D) 
Kaplan-Meier OS curves in the TCGA dataset of PDAC patients. Patients were grouped based on the median expression value of UCA1 expression. 
E) Heatmap showed UCA1 was the lncRNA with relatively large expression changes in GSE16515. F) Analysis of UCA1 mRNA levels in paired PDAC 
and non-tumor tissues (n=26, ***p<0.001). G) qRT-PCR was used to detect the relative UCA1 expression in PDAC cell lines and the non-malignant 
hTERT-HPNE (HPNE) cells.

Figure 2. UCA1 silencing decreased cell viability. A, B) ASPC1 and SW1990 cells were selected to be transfected with sh-UCA1-1 and sh-UCA1-2. C, D) 
UCA1 silencing markedly inhibited cell viability both in ASPC1 (C) and Canpan1 (D) cells. E, F) UCA1 knockdown significantly inhibited the clone 
formation capacity of PDAC cells.
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UCA1 knockdown induced the mitochondrial 
apoptotic pathway. Following, we detected the biomarkers 
of mitochondrial apoptosis pathway after UCA1 knock-
down. We found that UCA1 knockdown led to a significant 
increase of pro-apoptotic markers (BAX and PARPI), as well 
as a decrease in anti-apoptotic markers (Bcl-2 and BclxL; 

3D). Moreover, higher caspase-3 (Figure 3E) and caspase-9 
(Figure 3F) activities in UCA1-knocked down cells were 
detected. Meanwhile, higher cleaved forms of caspase-3 
and caspase-9 were detected in UCA1-knocked down cells 
(Figure 4A). Herein, we concluded that UCA1 silencing 
induced cell apoptosis in PDAC.

Figure 3. UCA1 silencing induced apoptosis in PDAC cell lines. A, B) Gene enrichment analysis based on the UCA1 expression from the TCGA data-
set. NES, normalized enrichment score. C) UCA1 knockdown induced apoptosis in PDAC cells stained with Annexin V-APC/PI as analyzed by flow 
cytometry. D) The graph showed the percentage of apoptosis for each treatment group. Student’s t-test, ***p<0.001, **p<0.01. E, F) UCA1 knockdown 
enhanced caspase-3 (E) and caspase-9 (F) activity in PDAC cells, compared to the control group. *p<0.05, **p<0.01

Figure 4. UCA1 knockdown induced the mitochondrial apoptotic pathway. A) The mitochondrial apoptotic markers: BAX, Bcl2, Bcl-xl cleaved caspase 
3, cleaved caspase 9, and PARPI were assessed in PDAC cells B) UCA1 knockdown altered the subcellular distribution of cytochrome c in the cytoplasm 
and the mitochondrial fraction of PDAC cells. α-tubulin and COX-IV were used as a loading control for cytosol and mitochondria, respectively.
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Figure 4A). What’s more, the UCA1 knockdown resulted 
in a marked increase of cytochrome c release into cytosolic 
fractions, corresponding to the decrease in mitochondrial 
fractions (Figure 4B). These results indicated that UCA1 
knockdown is involved in the mitochondrial apoptotic 
pathway.

UCA1 silencing enhanced mitochondrial fission in 
PDAC cells. Considering that the releasing of cytochrome 
c from mitochondria may be a result of mitochondrial 

fission [15], we studied how UCA1 affected mitochondrial 
dynamics. With that in mind, we assessed the role of UCA1 
on mitochondrial fission. The results showed that UCA1 
silencing led to a significantly enhanced mitochondrial 
fragmentation, which was accompanied by a decrease in 
mitochondrial reticulation (Figures 5A, 5B). Following that, 
we measured the change of mitochondrial fission and fusion 
markers by immunoblotting. We discover that significantly 
increased Drp1 and Fis1 expression, coupled with increased 

Figure 5. UCA1 silencing enhanced mitochondrial fission. A) More mitochondrial fragments were present in UCA1 knockdown cells. Cells were 
stained with Mito-Tracker Red (red) and Hoechst33342 (blue). B) Histogram of mitochondrial morphology reflected the degree of mitochondrial mor-
phological change in cells (n=100) with different treatments. C) Mitochondrial fission and fusion markers (Drp1, phos-Drp1, Fis1, MFN1, and MFN2) 
were detected. α-tubulin was used as a loading control. D) UCA1 silencing markedly increased the apoptosis in PDAC cells, while mitochondrial fission 
inhibitor Mdivi1 reversed this influence.
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activation form of Drp1 (phosphorylated-Drp1 (Ser616)), 
appeared after UCA1 knockdown, compared with the mock 
groups (Figure 5C). However, there was no significant change 
in MFN1 and MFN2 (Figure 5C). Additionally, an applica-
tion of the mitochondrial fission inhibitor Mdivi1 reversed 
the effects of UCA1 knockdown on cell apoptosis in PDAC 
(Figure 5D). These results suggested that UCA1-driven 
change in mitochondrial dynamics is coupled with the 
mitochondrial apoptotic pathway in PDAC.

Discussion

Accumulating studies have made efforts to uncover the 
mechanisms of lncRNAs in tumorigenesis of various cancers. 
Increasing evidence has shown that dysregulated lncRNAs 
expression contributed to cell proliferation and transfor-
mation of malignancies [16, 17]. Urothelial carcinoma 
associated 1 (UCA1), located on chromosome 19p-13.12, 
was initially found overexpressed in urinary bladder cancer 
tissues enhancing the tumorigenicity and invasive potential 
[18]. There is abundant evidence that has evaluated UCA1 
expression in cancer samples obtained from various types 
of cancer patients. Most research reported that upregulated 
UCA1 expression existed in tumor samples compared with 
that in non-tumor samples of the same origin. Generally, 
the poor prognosis was presented in these patients with 
overexpression of this lncRNA, which could be recog-
nized as a prognostic factor for overall survival, such as, 
gastric cancer [19], esophageal cancer [20], hepatocel-
lular carcinoma [21], colon cancer [19], lung cancer [22], 
ovarian cancer [23], and osteosarcoma [24]. To date, several 
UCA1-miRNA-mRNA trios have been identified as the 
main mechanism to promote tumorigenesis. For example, 
in prostate cancer, UCA1 functions as a microRNA-204 
(miR-204) sponge to upregulate CXCR4 expression [25]. In 
colorectal cancer, UCA1 promotes tumor malignancy via 
the miR-143/MYO6 axis [26]. In addition, UCA1 has been 
reported to be implicated in the resistance to chemotherapy 
[27]. UCA1 plays a critical role in retinoblastoma chemo-
resistance through downregulating miR-513a-5p [28]. In 
gastric cancer, UCA1 promoted the cisplatin resistance by 
recruiting EZH2 and activating the PI3K/AKT pathway to 
modulate cell apoptosis [29]. So, in PDAC, how does the 
expression pattern of UCA1 change and what role does it 
play.

Previous studies had shown that upregulated UCA1 
exerted an oncogenic role on tumorigenesis via regulating 
the Hippo pathway [9] or targeting miR-135a [30]. In 
addition, increased UCA1 expression could enhance stem 
cell properties of PDAC cells via the UCA1/KRAS axis 
[31]. Here, we also revealed that UCA1 is upregulated and 
involved in cell growth. What’s more, data mining showed 
that an unsatisfactory outcome was presented in patients 
with a higher UCA1 expression than those with a lower 
expression. All of this implied that UCA1 worked as a 

promoter in PDAC progression. However, more studies 
should be designed for detecting the UCA1 level in the 
different patient cohorts.

Following, the GSEA analysis showed that high UCA1 
expression was positively correlated with cell apoptosis in 
PDAC. Meanwhile, the flow cytometry and the caspase 
3/9 activity detection confirmed the inhibition effect of 
UCA1 on the cell apoptosis in PDAC cells. Previous studies 
displayed that UCA1 is involved in regulating the Warburg 
effect in bladder cancer [10]. Moreover, UCA1 could 
enhance mitochondrial function through mediating the 
copy number of mtDNA, ATP production, and mitochon-
drial membrane potential in bladder cancer [11]. Inspired 
by this, we speculated that the upregulated UCA1 might be 
involved in the mitochondrial apoptotic pathway. As a result, 
we found that UCA1 knockdown led to a significant increase 
of pro-apoptotic proteins, as well as resulted in a marked 
increase of cytochrome c release into cytosolic fractions, 
which were concordant with our presumption.

In view of this, curiosity drove us to clarify how is 
UCA1 involved in the mitochondrial apoptotic pathway. 
Accumulating evidence manifested that the destruction of 
the dynamic equilibrium of mitochondrial dynamics could 
adjust mitochondrial reprogramming and resist apoptosis 
in cancer [32, 33]. And the idea of mitochondria fragmen-
tation during apoptosis is widely accepted. Previous studies 
revealed that ablation of Drp1 could inhibit cytochrome 
c release and apoptosis [34, 35]. Similar to our result, the 
UCA1 knockdown enhanced the mitochondria fragmenta-
tion, as well as increased the expression of Drp1 and Fis1, 
which would promote mitochondria fragment in turn. 
These phenomena suggested that UCA1-driven change 
of mitochondria fragmentation resulted in cytochrome c 
release from mitochondria. Moreover, a growing volume 
of studies showed that UCA1 could act as competing 
endogenous RNAs (ceRNAs) or molecular sponges with 
microRNAs (miRNAs) to play a post-transcriptional regula-
tory role in gene expression [36]. However, the aspect of 
UCA1-miRNA-mRNA interaction in PDAC remains largely 
unknown. UCA1 enhanced phospho-KRAS expression by 
interacting with hnRNPA2B1 to regulate stem cell proper-
ties in PDAC [31]. A positive regulatory loop was formed, 
in which UCA1 increased the localization and stability of 
Yap in the nucleus, and YAP promotes UCA1 expression in 
PDAC [9]. Hence, further study needs to be performed to 
clarify how UCA1 mediates the mitochondrial morphology, 
whether it mediated the expression of Drp1 or the localiza-
tion and stability of Drp1 in mitochondria.

Taken together, we provided the first evidence that 
UCA1-driven change in the mitochondrial dynamics is 
coupled to the mitochondrial apoptotic pathway in PDAC. 
These findings provide a deep understanding of the poten-
tial mechanism of UCA1 in the development of PDAC. And, 
UCA1 has the potential to serve as a candidate biomarker for 
prognosis and a target for new PDAC therapies.
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