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Abstract
Background: Non-coding RNAs are increasingly investigated and have great potential for diagnose,
prognosis and treatment of cancer. Thus, we investigated the possible relation between NF-κB
suppressor-NKILA and HSP90, NF-κB and β-catenin molecules in the MCF-7. HSP90 is a compelling
stress protein and together with β-catenin and NF-κB molecules it can be responsible for the cancer cell
development. However, NKILA is a novel molecule and there is not comprehensive data about it unlike
HSP90, β-catenin and NF-κB alone. Therefore, we suggest that there might be a correlation between
NKILA and these proteins.

Methods and Results: To investigate the NKILA role on these proteins we inhibited the NKILA by using
transfection. MCF-7 cells transfected with NKILA-siRNA and incubated for 5 hours. Then, cells were
collected and proteins were extracted to be separated in SDS-PAGE. Aforementioned proteins of siRNA
transfected group were evaluated by comparing their band intensities with the control group protein
bands by immunoblotting. According to this, HSP90 and NF-κB/p105, NF-κB/p65 and NF-κB/p50
subunits signi�cantly increased while β-catenin signi�cantly decreased after NKILA inhibition.

Conclusion:, For the �rst time we demonstrate that HSP90 and beta-catenin is associated with NKILA
levels and this may highly related with canonical NF-κB pathway in MCF-7 cells. These novel �ndings
may have important implications in cancer cells development and might present important hints for the
future studies about the cancer cell targeted therapy.

Highlights
First time we showed that NKILA is associated with a stres protein and β-catenin.

NF-κB increase after NKILA inhibition is a supportive �nding for NKILA effects on NF-κB

These �ndings may present useful and novel data for the NF-κB targeted cancer therapies

Future Aspects

We need to show other related stress proteins and Wnt/β-catenin pathway proteins to clarify the
NKILA roles in cancer development in addition to NF-κB negative regulation.

We should further investigate possible NKILA association with NF-κB and Wnt pathway cross-talk
molecules to test whether NKILA based agents can be developed in the manner of cancer treatments.

There is no any other study showed the HSP90α and β-catenin relation with NKILA which might
involve rudimental information, thus Stress Response-Wnt signaling and NKILA association is
needed to be investigated in more detail.

Introduction
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Long non-coding RNAs (LncRNAs) are longer than 200 bp transcripts and lack of coding ability but have
multiple roles in many pathways and epigenetic regulations (1). As transcripts, lncRNAs might involve
chromosomal regulations, protein interactions and molecular signaling (2).

Normally, NF-kB is a key component in the cancer cells to provide survival to the cancer cells. In breast
cancer patients NF-κB was found to be signi�cantly activated and associated with oncogenesis (3). NF-
κB is directly associated with HSP90 (heat shock protein 90) (5), which is another important anti-
apoptotic molecule (6). NF-κB can bind to HSP90 promoter in cancer cells (7), or HSP90 may involve the
IKK (IκB kinase) activation (8) thus HSP90 and NF-κB molecules are expected to be correlated and
provide cancer cell survival. Moreover, beta-catenin is another important molecule that in�uence the
metastasis of breast cancer cells (9), and it may negatively correlated with NF-κB because of cross-talk
between Wnt and canonical NF-κB pathways. Like the NF-κB pathway catenin is also involves survival
and proliferation progress in cancer cells but β-catenin and NF-κB may intertwined (4).

There are plenty of studies that show lncRNAs involve multiple pathways and included in cancer
prognosis (10, 11, 12). NF-κB interacting long non-coding RNA (NKILA) is a novel lncRNA and negative
regulator of NF-κB signaling pathway. Directly binding to NF-κB and inhibits the metastatic and
prognostic features of the cancerous cells (13, 14). First it has been introduced to literature by Liu et al in
2015. Since then, NKILA has been determined as NF-κB regulator or suppressor in some cancer types
such as;, tongue squamous cell carcinoma (14), lung cancer (13), malignant glioma (15), malignat
melanoma (16) and breast cancer (17). NKILA associates with also NF-κB/Snail Pathway (13). All these
studies indicate the NKILA as suppressor of cancer development.

However, today there are limited numbers of study shed light on this transcript and only few studies
investigated its role within the cytoplasm. Accordingly, NKILA association with other signal pathways and
proteins are needed to be comprehensively elaborated. Therefore, we investigated its association with
stress protein HSP90α, β-catenin and NF-κB/p105-p50-p65 protein molecules and tried to enlighten
molecular mechanism of NKILA in this study.

Material And Method
Experimentl Reagents, siRNA and Antibodies

Custom desgined NKILA-siRNA was purchased from SISEL custom siRNA 5 nM, AmbionTM . The sense
strand was 5’-GGACUGCGAGAAUUAAAUAtt-3’ and antisense strand 5’-UAUUUAAUUCUCGCAGUCtg-3’.
Lipofectamine 2000TM transfection reagent was obtained from ThermoScienti�c. Opti-MEM transfection
medium were purchased from Invitrogen. Other tissue culture reagents were obtained from Gibco. RNA
isolation kit was obtained from GeneBioMark. High Capacity cDNA Reverse transcription kit was
purchased from Applied Biosystems. In this study different antibodies were used: anti-HSP90α (Thermo-
Fisher), anti-beta-catenin (Thermo-Fisher), anti-NF-κB (P105/P50) (Santa Cruz), anti-NF-κB (P65) (Boster),
anti-GAPDH (Boster), HRP-conjugated mouse anti-rabbit IgG (Thermo), HRP-conjugated goat anti-rabbit
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IgG (Thermo) and HRP-conjugated goat anti-mouse IgG (Thermo). Other Chemicals were obtained from
Sigma.

Cell Culture Conditions

The human breast cancer MCF-7 cells were obtained from Istanbul University Cell Culture Collections.
MCF-7 cell line was cultured in DMEM-F12 (Dulbecco's Modi�ed Ham's F-12), medium supplemented with
10% FBS (Fetal Bovine Serum) and 1% antibiotics (100 U/ml penicilin and 100 mg/ml streptomycin). The
cell line was maintained in humidi�ed air atmosphere with 5% CO2 at 37oC.

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay

We performed to MTT assay on the MCF-7 cell line in order to detect cytotoxic activities of the preferred
NKILA-siRNA and transfection reagent concentrations. 1x105 cells/ml MCF-7 cells were seeded in a 96
well tissue culture plate. After 24 hours, determined cytotoxic effect of cell transfection, the treatments
were performed as described in the title “siRNA transfection” and two different doses of siRNA (25 and 50
nM) were used with two different transfection reagent concentrations (12 and 15 µl). After siRNA
exposure at de�ned concentrations, cells were incubated for 48 hours. Following the incubation period,
cell media were removed and 30 µl MTT were added to each well. After 4 hours of MTT incubation
formazan crystals were observed under inverted microscope. At the end of this period, 150 µL DMSO were
added to each well to solve the formazan crystals and then optical density (540 nm) of the cells were
measured to determine the cell viability by using EonTM Microplate Reader (PowerWave HT™). All
experiments were performed in triplicate. Cell viability percentages were calculated according to following
equation:

siRNA Transfection

Cells were transfected with NKILA-siRNA to knock-down the NKILA gene expression. Tranfection reagent
(TR) and NKILA-siRNA concentrations were determined according to the MTT results. For transfection,
MCF-7 cells were incubated in 60x15 mm Petri dishes at 2x105 cells/ml concentration by grouping as
control, NKILA-siRNA, mock and scrambled. TR and NKILA-siRNA diluted with Opti-MEM transfection
medium for the �nal concentration of the reagents. Then, cells were exposed to 25 nM siRNA (in 12 µl TR)
for 5 hours then siRNA containing cell medium refreshed by normal DMEM-Ham's F12 medium at the end
of this transfection period. By following the medium refreshment, cells were incubated in normal medium
for 48 hours at 37oC humidi�ed atmosphere with 5% CO2.

RNA extraction and reverse-transcription polymerase chain reaction (RT-PCR)



Page 5/16

Control and transfected cells were collected and RNA isolated from these cells by using RNA Lysis buffer
according to manufacturer’s instruction. Total RNA concentration was measured by NanoDrop 2000TM

Spectrophotometer (ThermoFisher). Before the quantitative analyses of gene ampli�cation by RT-qPCR,
RNA samples were separated and 18S and 28S ribosomal-RNA bands visualized in denaturing 1.5%
agarose gel to check the RNA integrity. cDNA was obtained from these RNA samples by using cDNA
Reverse Transcription Kit . Primers for PCR were prepared for cDNA by using gmPFU buffer and DNA
polymerase.

After producing the related cDNA from total RNA samples, NKILA transcript levels were determined by RT-
qPCR (BioRad-CFX96 TouchTM) using Power SYBER® Green Master Mix. First, reaction mix was prepared
which contains nuclease-free water, SYBER® and reverse and forward primers added to each well of plate.
And then cDNA added to each well (20 µl of total volume in each well) and no template control (NTC)
also prepared with the three technical replicates. Then, plate were placed to sample block and qPCR
process was started with appropriate (two-step RT-qPCR) thermal-cycling conditions. Beta-actin was used
as the housekeeping gene to normalize the data. Data were analyzed by using the 2-ΔΔCt method to
calculate fold change of the NKILA gene expression.

Cycling conditions were used as follow in BioRad-CFX real-time qPCR system 95˚C for 30 sec followed by
40 cycles of denaturing at 95˚C for 5 sec and annealing and extension at 55˚C for 45 sec. The following
primers (ThermoFisher) were used:

Gene speci�c primer sequences for NKILA transcript were as follows:

Forward: 5’ACCTACCCACAACGCTTGAC3’

Reverse: 5’GCGCCAGAGACCACTAAGTC3’

Gene speci�c primer sequences for beta-actin (as housekeeping gene) were as follows:

Forward: 5’TGCGCAGAAAACAAGATGAG3’

Reverse: 5’GTCACCTTCACCGTTCCAGT3’

Immunoblotting

Control and transfected cells were analyzed by Western blotting as previously described (18). Total
proteins were extracted from the control and transfected cells using RIPA-lysis buffer. BCA protein assay
kit was used to determine total protein concentrations and then proteins were loaded to SDS-PAGE (10%)
gels equally (30µg/well) and separated by their molecular weight. After SDS-PAGE, proteins transferred to
PVDF membrane (Sigma) by using wet-transfer system. The membranes were blocked in non-fat
skimmed milk (5%) for 1h and then incubated overnight with the HSP90α (1:1000), β-catenin (1:1000)
and NF-κB/p105-p50 (1:1000), NF-κB/p65 (1:1000) primary antibodies at 4oC temperature. After primary
antibody incubation membranes were washed 5 times for 5 min. each time and then incubated with
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related HRP conjugated secondary antibodies (1:2500) for 2 hours at room temperature. All experiment
results were gathered from at least triplicate results.

Statistical Analysis

All the statistical analyses were performed using GraphPad Prism (ver.7.0). Data were presented as mean
± standard deviation. One-Way ANOVA test were used for the comparison of the multiple groups with the
control group. Student-t test were used to compare experimented group with the control. P values <0.0001
(****), <0.001 (***), <0.01 (*) levels were accepted as signi�cantly different.

Results
Toxicity of NKILA-siRNA

Different concentrations of siRNA and TR were applied to the MCF-7 cells for determining of the cytotoxic
effects. After MTT assay, we determined the proper NKILA-siRNA and TR concentrations. According to
this analysis, MCF-7 cell line showed minimum 90% cell viability at the concentration of 25 nM NKILA-
siRNA in 12 µl TR. According to the statistical results, cell viability was signi�cantly decreased in the 25
nM siRNA (in 15 µl TR) and 50 nM siRNA in (12 and 15 µl TR) treated groups (p<0.0001), (Fig.1).

Knockdown e�ciency

25 nM of NKILA-siRNA caused inhibition of NKILA transcript expression levels according to our RT-qPCR
results (Fig 2). As expected, mock (no-siRNA) and scrambled (non-target siRNA) groups were not effected
the NKILA levels and showed no signi�cant difference in their expression levels comparing to the control
group. NKILA transcription levels were decreased approximately 67% in NKILA-siRNA treated group
(Fig.2).

NKILA knockdown effected the HSP90, NF-κB and β-catenin levels

After transfection, NKILA transcription levels signi�cantly decreased by 33% of the control group (67%
inhibition e�ciency, p<0.0001, Fig. 2). This inhibition caused signi�cant change of HSP90α (p<0.001),
p105-p50 (p<0.001), p65 (p<0.01) and β-catenin (p<0.001) expression levels. Thereafter, according to our
results expression of HSP90α, NF-κB/p50, NF-κB/p105 and NF-κB/p65 increased by 54.2±5.9%,
44.3±14.3 % 33±9.7%, 33±10.4% respectively (Fig 3) but β-catenin levels decreased by 36.4±2.9% (Fig.3)
(p<0.001). NF-κB/p105, NF-κB/p50 and NF-κB/p65 subunits levels changed as expected.

Discussion
In our study there was a negative association between p105-p50-p65 and NKILA transcript, and NF-κB
subunits were signi�cantly (p<0.001) increased in the NKILA-siRNA group. Inhibition of the NKILA
transcript resulted in NF-κB increase. In this case, our result is expected if we considered the fact that
NKILA is the natural suppressor of the NF-κB and binds to p65 subunits to inhibit the NF-κB in the cancer
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cells (17, 19, 20). We showed the negative association between p105-p50-p65 and NKILA. Moreover, p105
is a precursor protein which means it might degraded by proteosome to form p50 (21). p105 involves to
various cellular mechanisms through the NF-κB signaling (22). Besides, p105 may have different role
aside from forming the p50 such as involment in MAP kinase regulation (23) and it is expressed
constituvely (24, 25). Normally, NF-κB is a complex transcription factor which directly binds to DNA,
associated with tumor development, proliferation and metastatic properties of the cancer cells (25). p105
subunit of NF-κB protein is known to be precursor of the p50 subunit (NFK1 homodimer). Additionally,
p52 and its precursor p100 and RelA (p65), RelB and c-Rel are the other parts of this complicated
transcription factor. Nevertheless, p105 has crucial role for the p50 function within the nucleus of the
cancer cells (26, 27). Rather than NF-κB subunits p65, p50 and p52 homodimers, p105 has independed
roles from the NF-κB complex and related with more signaling pathways within the cancer cells (28). Lin
et al., found that NF-κB subunits p65, p105 and p50 showed discrepant expression pro�le in the non-
small cell lung cancer (NSCLC). However, p65 and p105 was marker for the poor prognosis in the NSCLC
(26).

Therefore, our �ndings provides supportive data for the literature and showed the NF-κB levels can be
attenuated in case of NKILA inhibition which is pivotal molecule for the cancer cell prognosis as shown
by several studies.

Moreover, we approve that HSP90α levels increase their expression levels in the siRNA treated group
which means HSP90 and NKILA levels can be negatively correlated as with the NF-κB subunits. HSP90α
is known as stress protein and provides necessary response against stress conditions but also attenuate
cancer progression (19). In this case after inhibiting the NKILA HSP90 levels may increased its activation
as response to inhibition of an inhibitory molecule such as NKILA. Because, NKILA transcript normally
suppress the activity of NF-κB as mentioned above. HSP90 is responsible for the drug resistance, is also
in�ammatory response in cancer mainly and these kind of conditions are closely related with the NF-κB
protein levels which known as poor prognosis marker in the cancer patients (5). Under these
circumstances our �ndings suggest that HSP90 levels might increase as response to NKILA inhibition
because of close relation with the NF-κB subunits. This brings the question such as NKILA alone can
trigger or block the stress response in the breast cancer.

Beta-catenin was signi�cantly decreased (p<0.001) in the NKILA-siRNA treated group which can be sign
to the relation between NF-κB and β-catenin. Because, in some studies showed that catenin and NF-κB
(32) found as negatively correlated to each other because catenin molecules within the cytoplasm can
bind to the NF-κB promoter regions and that cause antagonistic effect, but also there are other studies to
show positive correlation between β-catenin and NF-κB subunits (29). However in our study we only
showed that β-catenin and NF-κB protein expression levels altered oppositely under the effect of NKILA
inhibition. In a study, they detected an association between HSP90 and β-catenin levels as related with
GSK3-β signaling pathway (29) in the MCF-7 cells. Another study indicated negative correlation between
these two proteins. Deng et al., showed that β-catenin can interact and inhibit the NF-κB transcription
factor in colon and breast cancer cells. Additionally, high levels of β-catenin within the cytoplasm declines
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the NF-κB activation (32). In our study HSP90 levels increased as catenin levels declined in the NKILA-
siRNA group. We suggest that this may caused by possible negative correlation between HSP90 and β-
catenin in the cytoplasm but this suggestion requires another study which focused on catenin and HSP90
relation. Nevertheless, after inhibition of NKILA increase of HSP90 with β-catenin decreasing suggests the
idea of negative correlation between these two molecules. We suggest that NKILA inhibition indirectly
upregulated the HSP90α in the MCF-7 cells (Fig. 8).

In our study, p50, p65 and p105 levels increased as with decrease of β-catenin. Most probably, NF-κB
increased its expression in the cytoplasm as a result of after inhibition of NKILA which is a negative
regulator of the NF-κB by silencing then showing its antagonistic effect. Further studies are needed to
approve this implication but decline of catenin levels while increasing of NF-κB can be suggested in this
way. However, association between β-catenin and NKILA transcript has never been shown before and
there are no other data to compare our results recently (Fig. 8). Thus, future studies again are needed to
clarify the relation between these molecules in the manner of relevant signaling pathways.

We can suggest that this opposite direction of β-catenin and NF-κB expression levels after NKILA
inhibition may resulted due to Wnt/β-catenin signaling pathway which normally shows cross-talk with
canonical NF-κB signaling pathway. β-catenin and p50 might show negative correlation (29) but in
another study it was positively associated with β-catenin in glioblastoma cells (31). Generally, NF-κB
cross-talking and competes with the catenin signaling pathway in breast cancer cells (29). Therefore we
can suggest that increase of NF-κB as with decline of β-catenin levels might be related with cross-talk of
these proteins.

These results suggest that NKILA expressions in MCF-7 cells suppress the NF-κB subunits and down-
regulates catenins. However HSP90 levels were also increase which suggested as HSP90 might
associate with NF-κB transcription levels under the effect NKILA transcript. Due to blocking effect of
NKILA on NF-κB transcription complex, it seems HSP90 levels were effected by this non-coding protein
which normally associates with NF-κB molecule as indicated by literature.

Consequently, we �rst time found that HSP90 and NF-κB subunits expression levels increased but β-
catenin levels decreased after NKILA inhibition in MCF-7 breast cancer cells. Thus, we suggest that these
molecules might in a vanishing point as associated with NKILA because this transcript has direct effect
on the NF-κB protein subunits which is one of the main cross-talk molecules in the cancer cells. Today,
increasing number of study focusing on the noncoding RNA-protein association to enlighten and reveal
mechanism of cancer development in molecular biology and clinic science (32-35). Thus, more detailed
studies about non-coding RNA molecule involvement in various signaling pathways should be
investigated. However, there are no other information in the literature about HSP90α and β-catenin
association with the NKILA transcript. Therefore, further studies are needed to clarify and/or approve the
role of this transcript molecule on these protein molecules which are on the cross-talk points between
various signaling pathways.
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Besides, regulatory effects of NKILA transcript on the other signaling pathways different than NF-κB
pathway might reveal interesting key points to explain dual role of NF-κB subunits. With all these aspects,
these aforementioned future studies might be pivotal for better understanding of cancer cell development
and targeted therapies.

Abbreviations
lncRNA, long non-coding RNA; NKILA, NF-κB interacting long non-coding RNA; NF-κB, nuclear factor κB;
HSP90 heat shock protein 90, MCF-7; breast cancer cell line, siRNA; small interfering RNA
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Figure 1

Determination of siRNA transfection effect on MCF-7 cell viability [S=siRNA (nM), TR=Transfection
Reagent (µl/ml)]. Data represented mean ± S.D. Stars indicate signi�cance level (p<0.0001), ns=not
signi�cant. 12 TR= 12µl Transfection Reagent, 15 TR= 15 µl transfection reagent, 25 S= 25 nM siRNA, 50
S= 50 nM siRNA.
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Figure 2

NKILA knockdown e�ciency of the NKILA-siRNA, Mock (no-siRNA) and Scrambled (non-target siRNA as
negative control) groups in the MCF-7 cells, (p<0.0001). After siRNA transfection, NKILA expression levels
were decreased to 33% of the control. Mock and scrambled groups showed no signi�cant difference in
comparing to the control group as expected. Stars indicates signi�cancy degree (p<0.0001).
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Figure 3

A) Relative expression levels of Hsp90 protein in NKILA-siRNA group of MCF-7 cell. B) Relative expression
levels of NF-κB/p50 protein in NKILA-siRNA group of MCF-7 cells and band intensities of the groups. C)
Relative expression levels of NF-κB/p65 protein in NKILA-siRNA group of MCF-7 cells and band intensities
of the groups. D) Relative expression levels of NF-κB/p105 protein in NKILA-siRNA group of MCF-7 cells
and band intensities of the groups. E) Relative expression levels of β-catenin protein in NKILA-siRNA
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group of MCF-7 cell and band intensities of the groups. Stars indicate signi�cancy. P values <0.0001
(****), <0.001 (***), <0.01 (*) levels were accepted as signi�cantly different.

Figure 4

Possible association between NKILA, HSP90α and NF-κB subunits. Our �ndings suggest the literature
which indicates negative association between β-catenin and NF-κB due to cross-talks between their
relevant signaling pathways. Plus, as a stress protein HSP90 might involve this association as response
to NF-κB emerging after NKILA inhibition which is natural NF-κB suppressor. Moreover, HSP90 was
shown to positively regulate by NF-κB in various signaling pathways or by directly binding to HSP90
promoter in literature. We suggest that NKILA inhibition is indirectly upregulates HSP90 in MCF-7 cells.


