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Ovarian cancer is a deadly gynecological malignancy with resistance to cisplatin a major
clinical problem. We evaluated a role of long non-coding (lnc) RNA HOTTIP (HOXA
transcript at the distal tip) in the cisplatin resistance of ovarian cancer cells, using paired
cisplatin sensitive and resistant A2780 cells along with the SK-OV-3 cells. HOTTIP was
significantly elevated in cisplatin resistant cells and its silencing reversed the cisplatin
resistance of resistant cells. HOTTIP was found to sponge miR-205 and therefore
HOTTIP silenced cells had higher levels of miR-205. Downregulation of miR-205 could
attenuate HOTTIP-silencing effects whereas miR-205 upregulation in resistant cells was
found to re-sensitize cells to cisplatin. HOTTIP silencing also led to reduced NF-κB
activation, clonogenic potential and the reduced expression of stem cell markers SOX2,
OCT4, and NANOG, an effect that could be attenuated by miR-205. Finally, ZEB2 was
identified as the gene target of miR-205, thus completing the elucidation of HOTTIP-
miR-205-ZEB2 as the novel axis which is functionally involved in the determination of
cisplatin resistance in ovarian cancer cells.

Keywords: ovarian cancer, cisplatin resistance, HOTTIP, miR-205, ZEB2

INTRODUCTION

Ovarian cancers are a group of heterogenous malignancies and are one of the deadliest
gynecological cancers with five-year survival close to or less than 50% (Torre et al., 2018). In
Chinese population, mortality due to ovarian cancer is rapidly increasing (He et al., 2021). The
heterogenous nature of ovarian cancer calls for novel studies to fully understand the disease
etiology and identify novel targets of therapy. Clinical management of ovarian cancer involves
the use of cisplatin (Bergamini et al., 2017) either alone or in combination with other drugs (Lee
et al., 2020). However, resistance to cisplatin is a common clinical observation in patients being
treated with cisplatin (Yang et al., 2020). In the fight against ovarian cancer and in view of the
importance of cisplatin in the treatment of ovarian cancer patients, a better understanding of
resistance mechanisms will undoubtedly be important.

In addition to the exploration of various genetic and pathway-based mechanisms for resistance
to cisplatin, efforts are underway to understand the epigenetic mechanisms of cisplatin resistance
with long non-coding (lnc) RNAs as the molecules of interest (Vera et al., 2018). The differential
expression of lncRNAs can help maintain the balance between cisplatin resistance and sensitivity
(Li et al., 2018; Taheri et al., 2021). The lncRNAs-based epigenetic signature can also possibly
help stratify ovarian cancer patients with implications in precision medicine (Liu et al., 2017).
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A number of lncRNAs, such as HOTAIR (Wang Y. et al., 2015;
Li et al., 2016; Yu et al., 2018; Zhang et al., 2020) and MALAT1
(Bai et al., 2018; Wang Y. et al., 2020; Taheri et al., 2021) have
been investigated for their possible role in regulating sensitivity
to cisplatin of ovarian cancers. In this study, we hypothesized a
possible role of lncRNA HOTTIP (HOXA transcript at the distal
tip) in the cisplatin resistance of ovarian cancer cells. HOTTIP
has been implicated in cisplatin resistance of pancreatic cancer
cells (Yin et al., 2020) which would suggest its similar role in
other cancers, such as ovarian cancer as well, but to-date there
has been no report on the subject. In our study, we used a paired
cell line comprising of parental A2780 ovarian cancer cells and
the cisplatin resistant A2780 cells (A2780-CR). The parental cells
are sensitive to cisplatin while the derivative cisplatin resistance
cells are resistant. In addition, we used SK-OV-3 for further
validation of our findings. These cells are relatively resistant
to cisplatin, as compared to the A2780 cells. Moreover, we
focused on understanding the mechanism of HOTTIP-mediated
generation of cisplatin resistance by identifying the miRNA that
it sponges as well as the downstream gene target. Based on our
findings, we believe that HOTTIP-miR-205-ZEB2 axis plays a
critical role in cisplatin resistance of ovarian cancer cells.

MATERIALS AND METHODS

Cell Lines
Ovarian cancer cells A2780 cells and their cisplatin-resistant
derivatives (referred in this study as A2780-CR) were obtained
from Sigma (St Louis, MO, United States) while SK-OV-3 cells
were from ATCC (Manassas, VA, United States). Cells were
cultured in RPMI 1640 media with 10% fetal bovine serum and
1% antibiotics in a 5% CO2-humidified atmosphere at 37◦C. The
si-HOTTIP as well as si-ZEB2 was purchased from Shanghai
GenePharma Co., Ltd. (China).

RT-PCR for lncRNA, miR, and mRNA
Detection
Total RNA was isolated using the mirVana miRNA isolation kit
(Ambion, United States) as per instructions. The quality of RNA
was checked and the RNA quantitated using NanoDrop
instrument. Ten nanogram samples were used for the
quantitation of miR-205. For mRNA detection, 1 µg RNA
was used to prepare cDNA before detection of individual
genes using SYBR Green based detections and using GAPDH
as the internal control. lncRNA HOTTIP and miR-205 levels
were determined using reagents from Thermo Fisher Scientific
(United States). mRNA PCR was run on StepOne Applied
Biosystems real-time PCR instrument.

Pre/anti-miR Transfections
Pre- and anti-miR-205 oligos were purchased from Thermo
Fisher Scientific (United States) and transfected in cells at
20 nM concentrations using Lipofectamine 3000 (Invitrogen,
China). Transfected cells were allowed to grow for 72 h
and then subjected to another round of transfections. Cells

were transfected at least three times before being used in
the experiments.

Cell Proliferation Assay
Cell Proliferation Assay kit was from ATCC (Manassas, VA,
United States). Tetrazolium MTT (3-(4, 5-dimethylthiazolyl-2)-
2, 5-diphenyltetrazolium bromide) was reduced by cells that
are metabolically active, due to the action of dehydrogenase
enzymes, resulting in generation of reducing equivalents NADH
and NADPH. Cells were seeded overnight in 96 well plates and
then treated as explained for each experiment. Then, 10 µl MTT
reagent was added for 2 h, followed by the supplied detergent
reagent (100 µl) for 4 h. Plates were read at 575 nm in a plate
reader (Shimadzu, Japan).

Clonogenic Assay
For the anchorage-dependent clonogenic assay, ovarian cancer
cells A2780 and SK-OV-3 cells were counted and resuspended in
complete culture medium to obtain single cell suspensions. Cells
were seeded overnight in six-well plates at a density of 750 cells
per well. After 3 weeks of growth in an incubator under 5% O2,
5% CO2, and 90% N2 conditions, colonies were fixed with 4%
paraformaldehyde, stained with crystal violet and counted.

For the anchorage-independent clonogenic assay, ovarian
cancer cells A2780 and SK-OV-3 cells were counted and
resuspended in complete culture medium to obtain single cell
suspensions. Cells were then suspended in cell media containing
0.7% top agar which was layered over a base layer consisting
of 0.8% base agar. Cells were cultured in a 5% CO2-humidified
atmosphere at 37◦C for 4–5 weeks at the end of which the
colonies were manually counted under a microscope.

NF-κB p65 Activation Assay
The kit was purchased from Abcam. This kit semi-quantitatively
assays NF-κB. The principle of this assay is that the 96-
well plate comes with immobilized double stranded DNA
sequence containing the NF-κB response element. When nuclear
extracts with activated NF-κB are added to the plate, NF-κB
binds to the NF-κB response element and is detected using a
specific antibody against NF-κB. Thereafter, a secondary HRP-
conjugated antibody is added to enable colorimetric readout at
450 nm. In our assays, subsequent to the individual experimental
conditions, nuclear extracts were prepared and equal amount
of samples were added to different wells of the purchased 96-
well plate. The plate was left overnight and then washings
and additions of primary and secondary antibodies were done,
as per manufacturer’s instructions. Incubations with primary
as well as secondary antibodies were for 1 h each at room
temperature. Microplate reader (Shimadzu, Japan) was used to
record absorbance at 450 nm.

Statistical Analysis
All reported results are representative of at least three
independent experiments. We used student’s t-test to evaluate
the level of significant differences between group means, and
performed statistical analysis using Prism 5 (GraphPad software).
A p value of <0.05 was considered significant.
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RESULTS

HOTTIP Is Elevated in Cisplatin Resistant
Cells
To check if our hypothesis for the possible role of HOTTIP
in cisplatin resistance of ovarian cancer cells was correct, we
measured the levels of HOTTIP in a paired cell line model
that comprised of cisplatin sensitive A2780 cells and their
cisplatin resistance derivatives (A2780-CR). We found that
HOTTIP was expressed at significantly high levels in the resistant
cells (Figure 1A) thus confirming our basic hypothesis. Next,
we wanted to check if the elevated levels of HOTTIP were
functionally important for cisplatin resistance. To check this, we
silenced HOTTIP using a specific siRNA (si-HOTTIP) in the
resistance cells and treated them with increasing amounts of
cisplatin for 3 days. At the end of treatment, cell proliferation
was measured. We found that silencing of HOTTIP significantly
decreased the proliferation of A2780-CR cells (Figure 1B). We
further tested our results in another cell line—SK-OV-3. These
ovarian cancer cells are relatively resistant to cisplatin (compared
to A2780 cells) and exhibit higher IC-50 values (6.8 µM for SK-
OV-3, as compared to 2.3 µM for A2780 cells). We silenced
HOTTIP in these cells as well and studied the effect on cisplatin
sensitivity. As seen in Figure 1C, we observed that silencing of
HOTTIP sensitized the SK-OV-3 cells to cisplatin.

HOTTIP Silencing Affects Stem Cells and
NF-κB
To understand the mechanism of HOTTIP action, we turned
to cancer stem cell characteristics because of the reports that
HOTTIP affects cancer stem cells (Fu et al., 2017; Luo et al., 2019).
We checked the clonogenic potential of cells when HOTTIP
is silenced. We found that silencing of HOTTIP resulted in
significant decrease in the clonogenic potential of both of the
cell lines tested, A2780-CR and SK-OV-3. Moreover, the effect
was evident on anchorage dependent (Figure 2A) as well as
anchorage independent growth (Figure 2B). Since a role of NF-
κB is important for cancer stem cells, we evaluated the effect of
HOTTIP silencing on NF-κB activation and found that silencing

of HOTTIP resulted in significantly reduced activation of NF-
κB (Figure 2C). As a direct readout for the effects on stem
cell, we checked the characterized markers of stem cells—SOX2,
OCT4, and NANOG. It was found that silencing of HOTTIP
significantly reduced the levels of SOX2, OCT4, and NANOG
genes (Figure 2D).

HOTTIP Sponges miR-205
The ability of lncRNAs to influence cellular and physiological
functions often involves sponging of miRNAs. We found that
HOTTIP sponges miR-205 as silencing of HOTTIP significantly
increased the levels of miR-205 in A2780-CR cells (Figure 3A).
The results were further confirmed in SK-OV-3 cells (Figure 3B).
To establish that the observed reciprocal relationship between
HOTTIP and miR-205 was because of the sponging of miR-205
by HOTTIP as well as to confirm the role of this relationship
in cisplatin resistance, we once again turned to proliferation
assay. In the A2780-CR cells, overexpression of miR-205 led
to resensitization of these cells to cisplatin (Figure 3C) thus
confirming the reciprocal relationship between HOTTIP and
miR-205. Since resistant cells, when silenced for HOTTIP, had
higher levels of miR-205, we downregulated miR-205 in these
cells by using anti-miR-205 oligos in order to further confirm
our findings. This resulted in attenuation of HOTTIP silencing
effects and cells were once again found to be resistant to
cisplatin (Figure 3D).

miR-205 Effects on Stem Cells and
NF-κB
In view of the above findings implicating a role of HOTTIP
in stem cell characteristics, we checked its sponging of miR-
205 as the underlying cause. Overexpression of miR-205 resulted
in significantly reduced NF-κB activation in A2780-CR cells
(Figure 4A) and downregulation of miR-205 in HOTTIP silenced
resistant A2780 cells had an opposite effect with much more
increased activation of NF-κB (Figure 4B). Further, subsequent
to downregulation of miR-205 in HOTTIP silenced A2780-CR
cells, the levels of stem cell markers SOX2, OCT4, and NANOG
significantly increased (Figure 4C) whereas overexpression of

FIGURE 1 | (A) LncRNA HOTTIP was measured in parental A2780 and derivative cisplatin resistant A2780-CR cells by RT-PCR. Cell proliferation of (B) A2780-CR
and (C) SK-OV-3 cells was measured by MTT assay, as described in section “Materials and Methods.” Cells were treated with indicated final doses of cisplatin for
72 h before the MTT assay. #p < 0.05.
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FIGURE 2 | (A) Anchorage-dependent and (B) anchorage-independent growth of A2780-CR and SK-OV-3 cells with and without silencing of HOTTIP was
measured, as mentioned in section “Materials and Methods.” Anchorage dependent growth was allowed for three weeks while anchorage-independent growth in
soft agar was allowed for 4–5 weeks. (C) NF-κB activity assay was performed using the methods mentioned and the absorbance was read at 450 nm.
(D) Expression levels of stem cell markers were determined by RT-PCR in A2780 cells with and without the silencing of HOTTIP, with GAPDH being evaluated as
internal control. #p < 0.05.

FIGURE 3 | Expression of miR-205 in (A) Cisplatin resistant A2780-CR cells (with and without HOTTIP silencing) and (B) SK-OV-3 cells (with and without HOTTIP
silencing) was quantitated using RT-PCR. (C) Cell proliferation for cisplatin resistant A2780-CR with and without pre-miR-205 and (D) cell proliferation for HOTTIP
silenced A2780-CR cells with and without anti-R-205, was measured by MTT assay. #p < 0.05.

miR-205 in A2780-CR cells resulted in decreased expression of
SOX2, OCT4, and NANOG (Figure 4D).

miR-205 Targets ZEB2
miRNAs function through targeting of their target genes and
we found ZEB2 to be target of miR-205 in our study. When
miR-205 was downregulated, the levels of ZEB2 went up
in the HOTTIP silenced cisplatin resistant A2780-CR cells
(Figure 5A). On similar lines and as further confirmation,
similar observations were made in SK-OV-3 cells. In these cells
as well, downregulation of miR-205 in HOTTIP-silenced cells
led to increased expression of ZEB2 (Figure 5B). Furthermore,
in both A2780-CR as well as the SK-OV-3 cells, just the
silencing of HOTTIP resulted in decreased expression of ZEB2
(Figures 5A,B), even without any manipulations of miR-205
levels, suggesting an influence of HOTTIP on ZEB2 thus
establishing a HOTTIP-miR-205-ZEB2 axis. To further confirm
the role of this axis in cisplatin sensitivity, we performed

proliferation assay and found that silencing of ZEB2 could reverse
the effects of miR-205 downregulation (Figure 5C).

DISCUSSION

Cisplatin resistance remains a major clinical problem. Seeking
a possible role of lncRNAs in cisplatin resistance, a number
of lncRNAs have already been evaluated for their possible
involvement in cisplatin sensitivity/resistance. Examples are
UCA1 (Wang F. et al., 2015; Li Z. et al., 2019), HOTAIR (Wang Y.
et al., 2015; Li et al., 2016; Yu et al., 2018; Zhang et al., 2020),
PVT1 (Liu et al., 2015; Chen et al., 2021), H19 (Zheng et al., 2016;
Sajadpoor et al., 2018; Wu et al., 2019), ENST00000457645 (Yan
et al., 2017), MEG3 (Zhang J. et al., 2017), ANRIL (Zhang D.
et al., 2017; Miao et al., 2019), RP11-135L22.1 (Zou et al., 2018),
MALAT1 (Bai et al., 2018; Wang Y. et al., 2020; Taheri et al.,
2021), Linc00312 (Zhang et al., 2018), EBIC (Xu et al., 2018),
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FIGURE 4 | (A) NF-kB assay for cisplatin resistant A2780-CR with and without pre-miR-205 and (B) NF-kB assay for HOTTIP silenced A2780-CR cells with and
without anti-R-205, was performed using commercial kit. (C) Expression levels of stem cell makers (SOX2, OCT4 and NANOG) in HOTTIP silenced A2780-CR cells
with and without anti-miR-205 and in (D) cisplatin resistant A2780-CR with and without pre-miR-205, as determined using a PCR. #p < 0.05.

FIGURE 5 | Expression of ZEB2, in (A) cisplatin resistant A2780 and (B) SK-OV-3 cells under specified conditions (HOTTIP silencing with without anti-miR-205) was
measured, using RT-PCR. (C) Cell proliferation under specified conditions (HOTTIP silenced A2780-CR cells with anti-miR-205 and additionally with and without
si-ZEB2), was measured by MTT assay. #p < 0.05 compared to respective controls (A2780-CR/SK-OV-3) ad ##p < 0.05 compared to HOTTIP-silenced respective
cells.

HOXD-AS1 (Chi et al., 2018), PANDAR (Wang et al., 2018),
CASC11 (Shen et al., 2019), LINC00152 (Zou and Li, 2019),
NCK1-AS1 (Chang et al., 2020), LINC01125 (Guo and Pan,
2019), CCAT1 (Wang D.Y. et al., 2020), NEAT1 (Zhu et al.,
2020), CHRF (Tan et al., 2020), ZEB1-AS1 (Dai et al., 2021),
TRPM2-AS (Ding et al., 2021), and LOC102724169 (Zhou et al.,
2021). While these studies are a testimony to the potential of
lncRNAs as modulators of cisplatin resistance, the work has
not yet resulted in any clinically relevant therapies. Therefore,
characterization of further lncRNAs is still needed, particularly
in light of the many reported functions regulated by non-
coding RNAs, including miRNAs and lncRNAs (Natarajan, 2016;

DiStefano, 2017; Kwok et al., 2017; Balas and Johnson, 2018). For
this study, we focused on the lncRNA HOTTIP because of its
immense potential as a biomarker (Lian et al., 2016; Fan et al.,
2018) but without any prior exploration in cisplatin resistance of
ovarian cancer even though there is an indication for it role in
cisplatin resistance of other human cancers (Yin et al., 2020).

For our study, we used a paired cell line model consisting
of A2780 cells and their cisplatin resistant derivatives. These
were commercially obtained and are thus excellent tools for
such studies. A2780 cells are relatively sensitive to cisplatin
and therefore this cell line model is appropriate for the studies
focusing on cisplatin resistance of ovarian cancer cells. However,
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as with any study with cell lines, the results are always in question
and therefore confirmation/validation in other similar cell lines
is warranted. For this reason, we also used SK-OV-3 cells in our
study. As compared to A2780 cells, SK-OV-3 cells are resistant
to cisplatin and therefore the approach taken in this work,
i.e., silencing of HOTTIP made sense in this cell line as well.
Through the use of these two independent cell lines, we have
presented novel data for a role of HOTTIP in cisplatin resistant
ovarian cancer cells.

As a mechanism, we explored NF-κB pathway as well as the
stem cells as they are regarded as attractive targets for anticancer
therapy (Rizvi et al., 2021). The rationale was that there is
evidence for stem cell inducing activity of HOTTIP in different
other cancers (Fu et al., 2017; Luo et al., 2019). This makes sense
because drug resistance is influenced by stem cell characteristics.
Moreover, NF-κB pathway is intricately connected with stem cell
phenotype and our results directly implicating HOTTIP in the
activation of NF-κB as well as expression of stem cell marker
genes raise the possibility of the involvement of these pathways
as the mechanisms of action. While further elucidation of this
mechanism was beyond the scope of our current work, this is an
interesting lead for future investigations.

While the choice of lncRNA HOTTIP for its possible role in
cisplatin resistance of ovarian cancer cells was based on a testable
hypothesis, we used web-based predictive tools and also tested
several other putative miRNA targets of lncRNA HOTTIP, in an
attempt to pin-point miRNA(s) that the lncRNA HOTTIP might
sponge with resulting effects on cisplatin resistance mechanism.
For example, we screened miR-200 family miRNAs to which
miR-205 belongs, and found a significant effect of miR-205 only.
Other screened miRNAs included miR-615, miR-216a, miR-101,
miR-148a, miR-150, etc. Of note, miR-615 has been one of the
more consistent miRNA that HOTTIP has been shown to sponge.
However, in our hands, miR-205 emerged as the more important
target of HOTTIP. Further, we were able to show a direct effect of
HOTTIP on the miR-205 target ZEB2 which further corroborates
our findings and validates our choice of miR-205 as HOTTIP
target. miR-205 also seems to play a role in proliferation and
invasion of ovarian cancer cells as per the prior literature (Chu
et al., 2018), in addition to the general interest in this miRNA in
cancer (Ferrari and Gandellini, 2020).

Our results support an oncogenic activity of HOTTIP. We
also establish sponging of miR-205 by HOTTIP. This reciprocal
relationship means that miR-205 must be a tumor suppressor and
indeed this is supported by available literature that this miRNA
is a tumor suppressor in ovarian cancer (Qiao et al., 2020).
Further, we also present evidence that miR-205 targets ZEB2.
This would mean that ZEB2 should be oncogenic, which is also
supported by reported literature (Li Q. et al., 2019). ZEB2 is also
a marker of mesenchymal phenotype which again closely relates
with stem cell properties thus further bringing the attention to
stem cell phenotype as the underlying mechanism. Interestingly,
we observed more robust effects of miR-205 manipulations on
sensitivity to cisplatin as compared to HOTTIP silencing. This
could be due to the inherent design of our experiments where
we transfected cells with pre- or anti-miR-205 repeatedly (at least
two or three time consecutively) as opposed to the siRNA against
HOTTIP which was used just once. It is also possible that there
might be a feedback or reciprocal relationship between HOTTIP
and miR-205. These questions were not specifically answered in
this study but would be interesting to elucidate. Regardless, we
present compelling evidence for the role of HOTTIP-miR-205-
ZEB2 axis in cisplatin resistance of ovarian cancer cells. This also
underlines the enormous potential of lncRNAs such as HOTTIP
as targets of therapy. The information should lead to future
targeted therapies against cisplatin resistant ovarian cancers.
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