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MicroRNA‑205‑5p inhibits 
skin cancer cell proliferation 
and increase drug sensitivity 
by targeting TNFAIP8
Xinhong Ge1,2,5, Suryakant Niture2,5*, Minghui Lin3, Patrice Cagle2, P. Andy Li4 & 
Deepak Kumar2* 

Tumor necrosis factor‑α‑induced protein 8 (TNFAIP8) is a member of the TIPE/TNFAIP8 family which 
regulates tumor growth and survival. Our goal is to delineate the detailed oncogenic role of TNFAIP8 
in skin cancer development and progression. Here we demonstrated that higher expression of 
TNFAIP8 is associated with basal cell carcinoma (BCC), squamous cell carcinoma (SCC), and melanoma 
development in patient tissues. Induction of TNFAIP8 expression by TNFα or by ectopic expression 
of TNFAIP8 in SCC or melanoma cell lines resulted in increased cell growth/proliferation. Conversely, 
silencing of TNFAIP8 decreased cell survival/cell migration in skin cancer cells. We also showed that 
miR‑205‑5p targets the 3′UTR of TNFAIP8 and inhibits TNFAIP8 expression. Moreover, miR‑205‑5p 
downregulates TNFAIP8 mediated cellular autophagy, increased sensitivity towards the B‑RAFV600E 
mutant kinase inhibitor vemurafenib, and induced cell apoptosis in melanoma cells. Collectively our 
data indicate that miR‑205‑5p acts as a tumor suppressor in skin cancer by targeting TNFAIP8.

Skin cancer is currently one of the most common types of  malignancy1,2. In the United States alone, more 
than 9500 people are diagnosed with skin cancer every day and more than two people die of the disease every 
hour (Skin cancer facts and statistics: 2019, https:// skinc ancer. org/ skin- cancer- infor mation/ skin- cancer- facts/: 
Accessed November 14, 2019)3,4. Caucasians are 20 times more likely to be diagnosed with skin cancer than 
African Americans. Skin cancers exist in several forms and therefore early diagnosis and treatment is a significant 
 challenge5. Skin cancers include malignant melanoma (MM) and non-melanoma skin cancers (NMSC)6, and the 
most common non-melanoma skin cancers are squamous cell carcinoma (SCC) and basal cell carcinoma (BCC)6.

Ultraviolet radiation (UV), environmental pollutants, chemical carcinogens, and work-related exposures are 
known to increase the risk of skin  cancer7–9. A variety of molecular mechanisms associated with the development 
of skin cancer also have been  described10,11. Exposure of UVA induces the expression of Autophagy Receptor 
Adaptor p62 protein in melanocytes and p62 acts as an oncogene in UVA-associated melanoma development 
and  progression12. Analysis of whole-genome landscapes of major melanoma subtypes has identified several key 
gene mutations in cutaneous melanoma, including B-RAF, CDKN2A, NRAS, in acral melanoma TP53, B-RAF, 
NRAS and NF1 and SF3B1 in mucosal  melanoma13. The study further releveled that these mutations are not cor-
related with alternative telomere lengthening but associated with greater telomere length and also modulates the 
MAPK and PI3K pathway in  melanomas13. Moreover, during melanoma development, several somatic alterations 
activate the MAPK and PI3K pathway, upregulate telomerase activity, modulate chromatin landscape, override 
the G1/S checkpoint, the ramp-up of MAPK signaling, and disrupt the p53  pathway14. In melanoma, activation 
of several oncogenes including RAS, B-RAF, Cyclin D1, CDK2, c-MYC, HDM2, MAPK1/2, ERBB4, GRIN2A, 
GRM3, RAC1, and PREX2 were reported  previously15,16.
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microRNAs (miRNAs) have been shown to regulate key pathways in skin cancer. miRNAs are small single-
stranded non-coding RNAs that modulate post-transcriptional gene expression by binding to the 3′ untranslated 
regions (3′UTRs) of target mRNAs. The binding of miRNAs to 3′UTRs of target mRNA regulates both the stability 
and translation of mRNA transcripts and thus affects gene  expression17. Reports suggest that by directly targeting 
key gene expression, miRNAs modulate various cellular processes such as cell proliferation/survival, cell-cycle 
control, cell apoptosis, the stress response, cell metabolism, development, and  differentiation18,19. In melanoma, 
the expression of several miRNAs are upregulated, for example, miR-214, miR-30b, miR-30d, miR-506, miR-514, 
miR-21, miR-155, and miR-221. These microRNAs promote melanoma cell growth and proliferation by acting 
as  oncogenes20–24. On the other hand, studies also demonstrate that miR-29c, miR-34b, miR-375, and miR-205, 
are downregulated in melanoma and behave as tumor  suppressors19,25–28.

Tumor necrosis factor-α-induced protein 8 (TNFAIP8) is also known as SCC-S2, GG2-1, and NDED. 
TNFAIP8 is a member of the TNFAIP8/TIPE family which has three other members designated as TNFAIP8-
like protein 1 (TIPE1), TNFAIP8-like protein 2 (TIPE2), and TNFAIP8-like protein 3 (TIPE3)29–32. TNFAIP8 
is a tumor necrosis factor-alpha (TNFα) inducible  protein33–35. Moreover, the expression of TNFAIP8 is also 
controlled by several transcriptional factors including nuclear factor-κB (NF-κβ), androgen receptor (AR), p53, 
and orphan nuclear receptor chicken ovalbumin upstream promoter transcription factor I (COUP-TFI)32,35–37. 
TNFAIP8 also regulates inflammation, immunity, and involved in several human  diseases36. TNFAIP8 is known 
to regulate several genes associated with cell proliferation (IL-24, FAT3, LPHN2, EPHA3), fatty-acid oxida-
tion (ACADL), and several oncogenes, for example, NFAT5, MALAT1, MET, FOXA1, KRAS, S100P, OSTF135. 
TNFAIP8 has been shown to inhibit cell apoptosis and increase cell proliferation in numerous cancers including 
lung  cancer38–41, liver  cancer42,43, gastric  cancer44, esophageal cancer (ESCC)45,46, pancreatic  cancer47, and prostate 
 cancer32,34,35. Here we extend the analysis of the oncogenic role of TNFAIP8 and investigate the role TNFAIP8 
in skin cancer cell proliferation/survival and progression. Our data suggest that overexpression of TNFAIP8 
promotes cell survival and cell colony formation/cell growth in skin cancer cells. Further, we demonstrated that 
miR-205-5p controls TNFAIP8 expression and reduces skin cancer cell survival, and increases sensitivity to the 
B-RAFV600E mutant kinase inhibitor vemurafenib in melanoma cells.

Results
Expression of TNFAIP8 is higher in skin cancer tissues. To investigate the pathological role of 
TNFAIP8 in skin cancer progression, we first analyzed the expression of TNFAIP8 in BCC, SCC, and melanoma 
by immunohistochemistry in human skin cancer patient tissue samples. The expression of TNFAIP8 was found 
to be significantly increased in BCC (n = 6) and low/medium differentiated SCC tissue (n = 4) compared with 
normal skin tissues (n = 6) (Fig. 1A,B). The expression of TNFAIP8 was not significantly altered in highly dif-
ferentiated SCC compared with normal skin tissue. Interestingly, the expression of TNFAIP8 was significantly 
increased (~ two fold) in melanoma tissues compared with normal skin tissues (Fig. 1A,B). Also, we analyzed 
the TNFAIP8 mRNA expression between cutaneous melanoma (n = 45) and melanoma precursor (n = 18) sam-
ples as reported in the Oncomine dataset (https:// www. oncom ine. org/ resou rce/ login. html accessed October 17, 
2020)48 (Fig. 1C). The data suggest that the expression of TNFAIP8 transcripts is 2.55-fold higher in melanoma 
precursor tissues compared with cutaneous melanoma (Fig. 1C). Collectively, our data suggest that TNFAIP8 
expression is higher in skin cancer and melanoma tissues.

To establish the role of TNFAIP8 in skin cancer, we compared the expression of TNFAIP8 in normal human 
skin cell line HaCaT (B-RAF wild) to human skin cancer cell lines, including the epidermoid squamous cell car-
cinoma A431 (B-RAF wild) and melanoma cell lines A375, A2058 (B-RAFV600E mutant) and SK-MEL-2 (B-RAF 
wild) cells. First, we analyzed the expression of B-RAF wild and B-RAFV600E mutant proteins in these cell lines 
(Fig. 1D). Consistent with earlier reports, immunoblotting data from our laboratory indicate that all the skin 
cancer cell lines and normal skin cells used in this study expressed moderate levels of either B-RAF wild-type 
protein in HaCaT, A431, SK-MEL-2 cells, or B-RAFV600E mutant protein in A375 and A2058 cells (Fig. 1D)49,50. 
Further, we analyzed the expression of TNFAIP8 protein and transcripts in normal skin cells and B-RAF wild 
type or B-RAFV600E mutant skin cancer cells (Fig. 1E,F). Immunoblotting and RT/qPCR data demonstrated that 
TNFAIP8 expression was higher in SK-MEL-2 (melanoma cells), A431 (SCC cells), and HaCaT (normal skin 
cells) which express B-RAF wild type protein, and lower expression of TNFAIP8 was observed in A375 and 
A2058 melanoma cells that expressed B-RAFV600E mutant protein (Fig. 1E,F).

B-RAF protein is a serine-threonine kinase and mutation of B-RAFV600E increases approximately 500-fold 
kinase activity compared with wild-type B-RAF in 27–70% of melanoma cancer. B-RAFV600E mutant protein 
is constitutively  active51 and earlier studies demonstrated that B-RAFV600E mutant dysregulates NF-κB/Snail/
RKIP/PTEN circuit as well as activates MEK/ERK kinases that promote the epithelial to mesenchymal transi-
tion (EMT) and melanoma cell  growth51,52. Since NF-κB regulates the expression of TNFAIP8, the exact role of 
B-RAFV600E mutant in the regulation of TNFAIP8 expression transcriptionally or post-transcriptionally through 
NF-κB is not clear, however, our data suggest that mutant B-RAFV600E downregulates the expression of TNFAIP8 
(mRNA) as well as decreases the level/stability of TNFAIP8 protein in A375 and A2058 melanoma cells. This 
needs to be further investigated.

TNFα regulates the expression of TNFAIP8 and skin cancer cell survival. The classical model of 
TNFAIP8 regulation suggests that cytokine TNFα binds with TNFα 1/2 receptors and induced cellular inflam-
mation. This leads to dissociations of transcription factor NF-κB from its inhibitor IKκB, NF-κB translocates 
into the nucleus, binds with TNFAIP8 promoter, and induced TNFAIP8  expression32. Reports also suggest that 
TNFAIP8 gene expressed several protein variants/isoforms in cancer cell  lines34,35, and therefore first we ana-
lyzed the expression TNFAIP8 isoforms in normal and skin cancer cells by RT/PCR (Fig. 2A,B). SCC-A431 and 
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melanoma cells expressed isoform two predominantly but not in normal HaCaT cells. Normal HaCaT cells, 
A431, A375, A2058 cells expressed isoform one, whereas expression of isoform one is not observed in SK-MEL-2 
cells suggesting that, skin cancer cells expressed isoform two predominantly (Fig. 2B) and the involvement of 
TNFAIP8 variant/isoform 2 in lung cancer and liver cancer development and progression has been reported 
 earlier37,43.

Further, to test whether TNFα induced expression of TNFAIP8 in skin cancer cells, we treated normal and 
skin cancer cells with TNFα (10–50 ng/ml), and the induction of TNFAIP8 protein and mRNA were analyzed 
(Fig. 2C,D). Treatment of TNFα (10–20 ng/ml) induced the expression of TNFAIP8 protein in normal HACaT 
skin cells as well as in skin cancer cell lines (Fig. 2C). Consistent with immunoblotting data, the relative mRNA 
expression of TNFAIP8 was also increased by 1–2.7 fold in HaCaT, A431, A375, and A2058 cell lines when cells 
treated with TNFα (10–20 ng/ml), whereas, the expression of TNFAIP8 was decreased at higher concentration of 
TNFα (50 ng/ml) (Fig. 2D). Interestingly, B-RAF mutant A375 and A2058 melanoma cell lines which expressed 
lower levels of TNFAIP8, upon a dose-dependent treatment with TNFα (10–50 ng/ml) induced TNFAIP8 pro-
tein expression (Fig. 2C) suggesting that TNFα induced TNFAIP8 expression in normal and skin cancer cell 
lines irrespective B-RAF background. Since TNFAIP8 modulates cell survival/proliferation in several cancer 
cell lines, the role of TNFα mediated induction of TNFAIP8 in skin cancer cell survival was analyzed by MTT 
assay (Fig. 2E). The data suggest that induction of TNFAIP8 by TNFα (10–20 ng/ml) increased cell survival in 
normal HaCaT cells as well as in A431 cells and A375, A2058 melanoma cell lines significantly, whereas, a higher 
concentration of TNFα (50 ng/ml) treatment decreased cell survival in A431, A375 and A2058 skin cancer cell 
lines (Fig. 2E). We also analyzed the time-dependent effect of TNFα (20 ng/ml) on the expression of TNFAIP8 
and cell survival (Supplementary Fig. S1A,B). Our data suggest that treatment of TNFα (20 ng/ml) increased 
TNFAIP8 expression and cell survival after 12–24 h and significantly decreased the TNFAIP8 expression and 
cell survival after 48 h treatment (Supplementary Fig. S1A,B) suggesting that, TNFα regulates the expression of 
TNFAIP8 and cell survival in skin cancer cells with a time-dependent manner.

Figure 1.  TNFAIP8 expression is upregulated in BCC, SCC, and melanoma patient skin tissues. (A) 
Relative immunohistochemical TNFAIP8 expression in indicated skin cancer tissues is presented. (B) 
Immunohistochemical expression levels of TNFAIP8 protein from normal skin (n = 6), BCC (n = 6), H-SCC 
(n = 4), M-SCC (n = 4), L-SCC (n = 4), nevus (n = 6), and melanoma (n = 6) tissues were quantified using ImageJ 
software (https:// imagej. nih. gov/ ij/) and plotted. The data represent mean ± SEM from 4 to 6 skin cancer tissues. 
*P < 0.05 relative to normal skin tissues. (C) Expression of TNFAIP8 transcripts between cutaneous melanoma 
(n = 45) and melanoma precursor (n = 18) samples were analyzed and presented from the Oncomine dataset 
(https:// www. oncom ine. org/ resou rce/ login. html accessed October 17, 2020). ***P < 0.001 relatives to cutaneous 
melanoma tissues. (D, E) Expression of wild-type B-RAF, mutant B-RAFV600E, and TNFAIP8 in HaCaT, 
SK-MEL-2, A431, A375, and A2058 cells were analyzed by western blotting. Fifty micrograms of lysates from 
normal and skin cancer cells were immunoblotted with B-RAF, TNFAIP8, GAPDH, and β-actin antibodies. 
Immunoreactive bands were visualized using ECL chemiluminescence detection reagents after exposing the 
blots on X-ray films (D) or by scanning the blots with an Odyssey CLx Imager (E). The immunoblot scans were 
converted into grayscale and presented. (F) Expression of TNFAIP8 mRNA from indicated normal skin cells 
and skin cancer cells were analyzed by RT/qPCR as described in the “Materials and methods” section.

RETRACTED A
RTIC

LE

https://imagej.nih.gov/ij/
https://www.oncomine.org/resource/login.html


4

Vol:.(1234567890)

Scientific Reports |         (2021) 11:5660  | https://doi.org/10.1038/s41598-021-85097-6

www.nature.com/scientificreports/

Overexpression of TNFAIP8 increases skin cancer cell survival, colony formation and migra‑
tion. To clarify the exact role of TNFAIP8 in skin cancer cell proliferation, we transiently transfected normal 
HaCaT skin cells and A431, A375, and A2058 skin cancer cells with empty vector (EV) or TNFAIP8-Myc plas-
mid (Fig. 3A). Immunoblotting data demonstrated the overexpression of TNFAIP8-Myc tagged protein in cells 
transfected with TNFAIP8-Myc tagged plasmid but not in an empty vector (EV) transfected cells (Fig. 3A). The 
MTT assay demonstrated that overexpression of TNFAIP8 increased cell survival significantly; by ~ 55%, 82%, 
68% in A431, A375, and A2058 skin cancer cells, respectively (Fig. 3B). However, no significant effect on cell 
survival/proliferation was observed in HaCaT normal skin cells transfected with TNFAIP8 (Fig. 3B). We also 
examined the effect of TNFAIP8 overexpression on skin cancer cell colony formation ability. TNFAIP8 expres-
sion promoted cell colony formation in A431 cells by 3.1-fold, A375 cells by 4.2-fold, and A2058 cells by 5.1-fold 
compared with empty vector-transfected cells (Fig. 3C, upper and lower panels). Similarly, no significant effect 
of TNFAIP8 overexpression on cell colony formation was observed in normal skin HaCaT cells (Fig. 3C, upper 
and lower panels). These results suggest that TNFAIP8 overexpression promotes cell growth in skin cancer cells 
but not in normal skin cells.

In parallel, we used siRNA to knockdown endogenous TNFAIP8 protein in normal and skin cancer cells 
(Fig. 3D). Transfection of TNFAIP8 siRNA significantly reduced endogenous TNFAIP8 levels in all cell lines 
compared with the control siRNA transfected cells (Fig. 3D). The effect of TNFAIP8 knockdown on cell survival 
was then analyzed by MTT assay. MTT assay demonstrated that TNFAIP8 knockdown reduced cell survival in 
A431 cells by 22%, in A375 cells by 55.2%, and in A2058 cells by 45.3% compared with control siRNA transfected 
cells (Fig. 3E). Similarly, TNFAIP8 knockdown also significantly decreased cell colony formation ability in A431 
cells by 18.4%, in A375 cells by 53.2%, and in A2058 cells by 40.3% compared with control siRNA transfected 
cells (Fig. 3F, upper and lower panels). Also, we evaluated the effect of TNFAIP8 knockdown on skin cancer cell 
migration using wound healing migration assay. The wound healing migration assay revealed that TNFAIP8 
knockdown significantly inhibited cell migration and wound closure in A431 (15.1%), A375 (52.5%), and A2058 
(70.4%) compared with control siRNA transfected cells (Fig. 3G, upper and lower panels). In contrast, no sig-
nificant effects on cell survival, cell colony formation, and migration were observed in HaCaT cells transfected 

Figure 2.  TNFα-induced TNFAIP8 expression in skin cancer cells (A) Schematic represents TNFAIP8 
isoform-specific forward and reverse primer design. (B) The expression of different variants/isoforms of 
TNFAIP8 in normal HaCaT and skin cancer cells was analyzed by RT-PCR. NC–negative control (no cDNA). 
(C) HaCaT, A431, A375, and A2058 cells were treated with vehicle or TNFα (10–50 ng/ml) for 30 h, and cell 
lysates were immunoblotted with TNFAIP8 or β-actin antibodies. Immunoreactive bands were visualized using 
ECL chemiluminescence detection reagents and the blots were scanned using an Odyssey CLx imager. The 
immunoblot scans were converted into grayscale and presented. (D) Similarly, normal and skin cancer cells were 
treated with vehicle or TNFα (10-50 ng/ml) for 30 h, and TNFAIP8 mRNA expression was analyzed by RT/
qPCR as described in the “Materials and methods” section. *P < 0.05, **P < 0.01, ***P < 0.001 relative to control/
vehicle-treated cells. (E) HaCaT, A431, A375 and, A2058 cells were treated with vehicle or TNFα (10–50 ng/
ml) for 48 h and, relative cell survival was analyzed by MTT assay as described in the “Materials and methods” 
section. Results are representative of three independent experiments. *P < 0.05, ***P < 0.001 relative to control/
vehicle-treated cells.
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with TNFAIP8 siRNA compared with control siRNA transfected cells (Fig. 3E–G). Indeed, the data presented in 
Fig. 3 suggests that TNFAIP8 promotes cell proliferation and cell migration in skin cancer cells.

miR‑205‑5p targets the TNFAIP8‑3′UTR and inhibits TNFAIP8 expression. In a previous study, 
it was reported that miR-205-5p targets the 3′-UTR of either transcription factor E2F1 or transcription factor 
E2F5 and suppresses the cell proliferation in melanoma  cells28. Since our data show that TNFAIP8 promotes 
skin cancer cell survival and migration, we searched for miRNAs that possibly target TNFAIP8 gene expression. 
TargetScan, an online software tool (http:// www. targe tscan. org/ vert_ 72/: accessed June 10, 2019), was used to 
predict and identify possible 3′TNFAIP8-UTR binding miRNAs. TargetScan analysis revealed that miR-205-5p 
is predicted to bind with the 3′ UTR of TNFAIP8 gene (61–68) (Fig. 4A). To analyze the effect of miR-205-5p 
on TNFAIP8 expression, first, we determined the endogenous expression levels of miR-205-5p in HaCaT 
cells and skin cancer cells. RT/qPCR data showed that miR-205-5p expression was higher in HaCaT cells and 
SCC-A431 cells, whereas, the expression of miR-205-5p was not detected in melanoma A375, A2058, and SK-
MEL-2 (Fig. 4B). To determine whether miR-205-5p binds directly with the TNFAIP8-3′UTR, we performed a 
TNFAIP8-3′UTR luciferase assay. A431 and A2058 cells were co-transfected with TNFAIP8-3′UTR-Luc plasmid 
for 18 h and then cells were transfected miR-205-5p mimic or mutant miR-205-5p mimic for 30 h and luciferase 
activity was determined. The data showed that the miR-205-5p mimic significantly inhibited luciferase activity 
compared with negative control (NC) or mutant miR-205-5p mimic transfected both cell lines (Fig. 4C). These 
results support the model where the miR-205-5p mimic binds with the TNFAIP8-3′UTR.

To determine whether the miR-205-5p mimic represses the endogenous expression of TNFAIP8 mRNA and 
protein, we transfected normal HaCaT cells, A431 (SCC) and A2058 melanoma cells with miR-205-5p mimic 
or negative control (NC). Overexpression of miR-205 mimic in HaCaT, A431, and A2058 cell lines was analyzed 
by RT/qPCR (Fig. 4D). Overexpression of miR-205-5p mimic significantly decreased both TNFAIP8 mRNA and 
protein expression in HaCaT, A431 and A2058 cell lines (Fig. 4E,F). We also performed immunocytochemistry 
and analyzed endogenous TNFAIP8 protein expression by immunofluorescence after delivery of Cy3 labeled miR-
205-5p or Cy3 labeled NC mimic into HaCaT, A431 and A2058 cells (Fig. 4G). TNFAIP8 immunofluorescence 
data suggest that transfection of Cy3-miR-205-5p in all three cell lines decreased cytosolic TNFAIP8-associated 
fluorescence (merge panel) compared with Cy3-labeled-NC mimic transfected cells (Fig. 4G) suggesting that 
miR-205-5p targets the TNFAIP8-3′UTR and inhibits TNFAIP8 protein expression.

miR‑205‑5p inhibits cell survival and TNFAIP8‑mediated autophagy induction. Since miR-
205-5p inhibits TNFAIP8 expression and TNFAIP8 promotes cell proliferation in skin cancer cells, we further 
examined the role of miR-205-5p mimic in the regulation of skin cancer cell survival/cell colony formation. No 
significant effect on cell proliferation/survival was observed in HaCaT cells transfected of miR-205-5p or the NC 
mimic control, however, a significant decrease in cell proliferation was observed in A431 and A2058 cell lines 
(Fig. 5A). Also, we analyzed the effect of miR-205-5p on cell colony formation in normal skin cell line HaCaT, 
and A431 and A2058 cell lines (Fig. 5B). Similar to the effects were seen in the cell survival assay, transfection 
with miR-205-5p mimic or the NC mimic control did not affect cell colony formation in HaCaT cells (Fig. 5B, 
left panel). Interestingly, cell colony formation was decreased by 32.5% in A431 cells and 38.5% in A2058 cells 
when cells were transfected with miR-205-5p compared with NC transfected cells (Fig. 5B, middle and right 
panels).

In a previous study, we showed that TNFAIP8 induced autophagy in prostate, breast, and liver cancer cells and 
increased resistance to specific anti-cancer  drugs34,43. Consistent with these findings, we demonstrate here that 
overexpression of TNFAIP8 also induced autophagy in HaCaT, A431, and A2058 cell lines based on induction of 
autophagy bio-marker LC3β II (Fig. 5C). Conversely, inhibition of TNFAIP8 expression by miR-205-5p mimic 
decreased autophagy biomarkers LC3β II and p62 expression in A431 and A2058 cells compared with NC mimic 
control transfected cells (Fig. 5D). To support this, we also performed immunocytochemistry and analyzed the 
effect of miR-205-5p mimic on LC3β-related puncta formation in skin cancer cells. Immunocytochemistry data 
showed that miR-205-5p mimic transfection significantly decreased LC3β related puncta formation in A431 and 
A2058 cells as well as in HaCaT cells (Fig. 5E, upper and lower panels) suggesting that miR-205-5p inhibits cell 
proliferation and TNFAIP8-mediated autophagy induction in skin cancer cells.

miR‑205‑5p increases the sensitivity of skin cancer cells to vemurafenib. Currently, vemurafenib 
and paclitaxel drugs are used as combine chemotherapy for the treatment of skin cancer patients affected by 
advanced melanoma which express B-RAFV600E mutant protein 53. We treated HaCaT and SK-MEL-2 cells which 
possess wild type B-RAF protein, and A375 and A2058 cells which express mutant B-RAFV600E with vemurafenib 
and relative drug sensitivity were analyzed by cell survival MTT assay (Fig. 6A). Consistent with the clinical 
data, a dose-dependent treatment of vemurafenib (0.1–25 µM) decreased cell survival in A375 and A2058 which 
possesses B-RAFV600E mutant, whereas, SK-MEL-2 cells and HaCAT cell lines which express wild type B-RAF 
protein showed significant resistance to vemurafenib (Fig. 6A).

Since the expression miR-205-5p was not detected in melanoma A375 and A2058 cell lines (Fig. 4B), and 
miR-205-5p targets TNFAIP8, we further examined the potential role of miR-205-5p in vemurafenib sensitiv-
ity. We transfected normal and skin cancer cells with miR-205-5p and treated with vemurafenib as indicated 
and relative drug sensitivity was analyzed (Fig. 6B). Compared with control NC mimic transfected cells, miR-
205-5p transfection alone decreased cell survival in A375, and A2058 cells but not in HaCaT or SK-MEL-2 cells 
significantly (Fig. 6B). Transfection with miR-205-5p and treatment with vemurafenib further decreased cell 
survival compared with vemurafenib alone in skin cancer lines SK-MEL-2, A375, and A2058 cells (Fig. 6B, left 
and right panels). Interestingly, the data also indicated that B-RAFV600E mutant cell lines A375 and A2058 showed 
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increased sensitivity to vemurafenib treatment after transfection with miR-205-5p compared with B-RAF wild 
protein-expressing cell lines. Thus, by targeting TNFAIP8, miR-205-5p could further increase drug sensitivity in 
the B-RAFV600E mutant melanoma cell lines (Fig. 6B). Moreover, transfection of miR-205-5p in A375 (B-RAFV600E 
mutant) cells induced the expression of cell apoptotic marker cPARP compared with NC mimic transfected 
cells (Fig. 6C, lane 1 & 2). Furthermore, transfection of miR-205-5p combined with vemurafenib treatment 
increased cPARP expression compared with NC mimic transfected and vemurafenib treated cells (Fig. 6C, lane 
3 & 4). On the other hand, overexpression of TNFAIP8 decreased paclitaxel and vemurafenib-mediated cPARP 
expression compared with EV transfected A375 cells (Fig. 6D, compare lanes 1–3 and 4–6). Also, we generated 
vemurafenib drug-resistant A375R and A2058R melanoma cell lines and utilized in the study. A higher expression 
of TNFAIP8, autophagy marker LB3β II, and increased cell proliferation were observed in A375R or A2058R 
vemurafenib drug-resistant cells compared with parent A375 or A2058 melanoma cells (Fig. 6E,F).

Collectively the data presented in Fig. 6 suggest that (A) expression of miR-205-5p in melanoma cells increases 
sensitivity towards vemurafenib particularly in B-RAFV600E mutant cells (B) increased expression of TNFAIP8 
reduces drug-mediated cell apoptosis, and (C) increased expression of TNFAIP8 due to vemurafenib drug-
resistance increases autophagy and cell proliferation. Indeed, our data suggest that TNFAIP8 might be involved 
in drug resistance in melanoma cell lines by inducing autophagy as reported in prostate and liver cancer cell 
lines  previously34,43, whereas miR-205-5p controls TNFAIP8/autophagy axis and increased sensitivity towards 
skin cancer drug vemurafenib.

Discussion
In the current study and for the first time, we demonstrate a molecular and mechanistic role of TNFAIP8 in the 
regulation of skin cancer cell survival/proliferation, colony formation, migration, and drug resistance. Our data 
was generated by comparison of the normal skin cell-derived cell line (HaCaT) to melanoma cell lines A375, 
A2058, SK-MEL-2, and the epidermoid carcinoma A431 cell line. TNFAIP8 has been shown to play a role in 
oncogenesis in several  cancers32,54 and its expression is induced by inflammatory cytokine TNFα34. In the cur-
rent study, we demonstrate that exposure of skin cancer cells with TNFα induced expression of TNFAIP8 that 
modulates cell proliferation. Similarly, overexpression or knockdown of TNFAIP8 affected cell proliferation in 
skin cancer cell lines. Mechanistically, TNFAIP8 contains a death effector domain that modulates the caspase-8 
activity and negatively regulates apoptosis 32. Our preliminary data indicate that TNFAIP8 expression is down-
regulated in B-RAFV600E mutant A375, A2058 melanoma cells compared with A431, SK-MEL-2, or normal 
HaCaT cells which express wild-type B-RAF kinase. However, in skin melanoma patient tissues the expression 
of TNFAIP8 is higher compared with BCC, SCC, or normal skin tissues indicating that the B-RAF background 
might play an important role in TNFAIP8 expression in skin cancer and this needs to be further investigated.

This study identified miR-205-5p as a negative regulator of TNFAIP8 gene expression. Other studies have 
shown that the expression of several miRNAs with established oncogenic roles is upregulated in melanoma 
 cells20–24, whereas particularly miR-205 expression in skin cancer cells is down-regulated also reported in previous 
 studies28,55,56. We found that melanoma cell lines show undetectable levels of miR-205-5p expression as well as 
higher expression of TNFAIP8 in SK-MEL-2 melanoma cells and melanoma tissue. Further, we demonstrated that 
miR-205-5p binds with the 3′UTR of TNFAIP8 gene and inhibits TNFAIP8 expression and TNFAIP8-mediated 
autophagy in skin cancer cells. Previously, we showed that TNFAIP8 mediated induction of autophagy is required 
for drug resistance and cell survival in prostate cancer  cells34 as well as liver cancer  cells43, and similarly, in the 
current study we demonstrated that miR-205-5p controls the expression of TNFAIP8 and TNFAIP8 mediated-
autophagy in skin cancer cells. miR-205-5p expression in melanoma cell lines not only controlled the expression 
of TNFAIP8 but also increased sensitivity towards vemurafenib, a skin cancer drug currently used for the treat-
ment of patients affected by advanced melanoma with B-RAFV600E mutant  kinase57.

Figure 3.  TNFAIP8 regulates cell proliferation and migration in skin cancer cells. (A) Western blotting analysis 
of TNFAIP8-Myc tagged protein expression in HaCaT and skin cancer cells. Immunoreactive bands were 
developed using ECL chemiluminescence detection reagents and the blots were scanned using an Odyssey 
CLx imager. The immunoblot scans were converted into grayscale and presented. (B) Effect of TNFAIP8-Myc 
protein overexpression on HaCaT, A431, A375 and, A2058 on cell survival was measured by MTT assay. Results 
are representative of three independent experiments. *P < 0.05 relative to EV transfected cells. (C) The effect of 
overexpression of TNFAIP8-Myc on cell colony formation was analyzed and plotted (upper and lower panels) 
as described in the “Materials and methods” section. *P < 0.05 relative to EV transfected cells. (D) HaCaT, 
A431, A375 and, A2058 cells were transfected with control siRNA or TNFAIP8 siRNA (100 nM) for 30 h, and 
cell lysates were western blotted with anti-TNFAIP8 and β-actin antibodies. Western blots were developed 
using ECL chemiluminescence detection reagents and the blots were scanned using an Odyssey CLx imager. 
The immunoblot scans were converted into grayscale and presented. TNFAIP8 and β-actin protein levels were 
quantified using ImageJ software (https:// imagej. nih. gov/ ij/) and presented below. (E) The effect of TNFAIP8 
knockdown by siRNA on cell survival was analyzed by MTT assay. The experiments were independently 
performed three times. *P < 0.05 relative to control siRNA transfected cells. (F) Control siRNA and TNFAIP8 
siRNA-transfected HaCaT, A431, A375 and A2058 cells (3000 cells/well) were re-plated in 6-well plates in 
triplicate for 7–10 days and skin cancer cell colony formation was analyzed and plotted (upper and lower panels) 
as described in the “Materials and methods” section. *P < 0.05 relative to control siRNA transfected cells. (G) 
Wound healing assay: HaCaT, A431, A375 and A2058 cells were transfected with control siRNA or TNFAIP8 
siRNA for 48 h. The effect of the TNFAIP8 knockdown on cell migration was analyzed using the wound healing 
assay. Representative images of the wound healing assay (top) and the calculated scratch area (bottom) are 
shown. *P < 0.05 relative to control siRNA transfected cells.
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An earlier study revealed that constitutive activation of B-RAFV600E mutant activates the MEK/ERK pathway 
and enhances melanoma cell proliferation whereas inhibition of the B-RAFV600E mutant by vemurafenib decreases 
melanoma cell  proliferation58. Irrespective of prior treatment with MEK inhibitors or BRAF inhibitor, a recent 
phase I clinical study demonstrates that vemurafenib, carboplatin, and paclitaxel combination chemotherapy 
is more effective and tolerable in patients with advanced melanoma with B-RAFV600E mutant  protein53. We also 
showed that inhibition on TNFAIP8 by expression of miR-205-5p drastically decreased vemurafenib-mediated 
cell proliferation in melanoma cell lines. On the other hand, overexpression of TNFAIP8 reduced vemurafenib 
or paclitaxel-mediated melanoma cell apoptosis suggests that, TNFAIP8 increased drug resistance in melanoma 
cell lines by inducing autophagy and by inhibiting cell apoptosis.

Not only the mutation of key oncogenes (RAS, B-RAF, MAPK1/2) involved in skin cancer progression, 
but reports also suggest that chronic inflammatory pathways regulate the development of  melanoma59,60. Dur-
ing chronic inflammation, activation of several transcription factors such as NF-kB, STAT3, HIF-1-alpha, and 
up-regulation of their downstream targets including prostaglandins, cyclooxygenase-2 (COX-2), and cytokine 
TNF-α was  reported59,60. TNF-α activates NF-kβ that binds with the TNFAIP8 promoter and induces TNFAIP8 
 expression32,34. Similarly, our data suggest that the induction of TNFAIP8 by TNFα increases cell proliferation 
and drug resistance in skin cancer cells.

Figure 4.  miR-205-5p targets the 3′UTR of TNFAIP8 and inhibits TNFAIP8 expression. (A) The binding site 
of miR-205-5p in the 3′UTR of TNFAIP8 was analyzed by TargetScan (http:// www. targe tscan. org/ vert_ 72/) 
and presented. We also generated a wild type and mutated binding nucleotides of miR-205-5p to the 3′UTR 
of TNFAIP8. Wild-type miR-205-5p and mutant miR-205-5p mimics are shown. (B) Relative expression of 
miR-205-5p in HaCaT, A431, A375, A2058, and SK-MEL-2 cell lines was analyzed by RT/qPCR as described 
in the “Materials and methods” section. (C) Luciferase reporter assay: A431 and A2058 cells were transfected 
with TNFAIP8-3′UTR-Luciferase reporter construct (0.5 µg) for 18 h and then transfected with NC mimic or 
wild-type miR-205-5p mimic or mutant miR-205-5p mimic for an additional 24 h. Transfected cells were lysed, 
and luciferase activity was measured. Results are representative of two independent experiments. **P < 0.01, 
***P < 0.001 compared with NC or mutant-type miR-205-5p mimic. (D, E) Normal or skin cancer cells were 
transfected with NC or miR-205-5p mimic for 48 h and the overexpression of miR-205-5p mimic and TNFAIP8 
transcripts were analyzed by RT/qPCR. ***P < 0.001 compared with NC-transfected cells. *P < 0.05 compared 
with NC-transfected cells. ns-no significance. (F) HaCaT, A431 and A2058 cell lines were transfected with 
NC mimic or miR-205-5p mimic for 40 h and expression of endogenous TNFAIP8 protein were analyzed by 
western blotting. Western blots were developed using ECL chemiluminescence detection reagents, the blots 
were exposed to X-Ray films, scans were converted into grayscale and presented. (G) HaCaT, 431 and A2058 cell 
lines were grown on a coverslip and transfected with Cy3-labeled NC mimic or Cy3-labeled miR-205-5p mimic 
and the effect of Cy3-labeled miR-205-5p mimic on endogenous TNFAIP8 expression (green) was visualized by 
immunofluorescence as described in the “Materials and methods” section.
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Figure 5.  miR-205-5p targets TNFAIP8 and reduces TNFAIP8-mediated cell proliferation and autophagy. 
(A) HaCaT, A431 and A2058 cells were transfected with NC mimic or miR-205-5p mimic for 48 h and relative 
cell survival was analyzed by MTT assay. The experiments were independently repeated three times. *P < 0.05 
compared with NC mimic transfected cells. (B) NC mimic or miR-205-5p mimic transfected cells were re-plated 
in 6-well plates for 7–10 days and cell colony formation was analyzed and plotted (upper and lower panels) as 
described in the “Materials and methods” section. The experiment was repeated twice in triplicates. *P < 0.05 
relative to NC mimic transfected cells. (C) HaCaT, A431 and A2058 cells were transfected EV or TNFAIP8-Myc 
plasmids for 30 h and lysates were western blotted with anti-Myc, anti-LC3β I/II, and anti-β-actin antibodies. 
Western blots were developed using ECL chemiluminescence detection reagents, the blots were exposed on 
X-ray films, converted into grayscale, and presented. (D) HaCaT, lanoma A431 and A2058 cells were transfected 
NC mimic or miR-205-5p mimic for 30 h and lysates were western blotted with anti-TNFAIP8, anti-LC3β I/II, 
anti-p62, and anti-β-actin antibodies. Western blots were developed using ECL chemiluminescence detection 
reagents, exposed on X-Ray films, converted into grayscale, and presented. (E) HaCaT, A431 and A2058 cells 
were grown on a coverslip transfected with Cy3-labeled NC mimic or Cy3-labeled miR-205-5p mimic and 
the effect of Cy3-labeled miR-205-5p mimic on endogenous LC3β I/II expression (green) and related puncta 
formation were visualized by immunofluorescence (upper panels) as described in the “Materials and methods” 
section (upper panel). LC3β I/II and related puncta were measured from individual cells (n = 10) and plotted 
(lower panels). **P < 0.01, ***P < 0.001 relatives to Cy3 labeled-NC mimic transfected cells.
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Since disruption of the p53 pathway was reported in  melanoma14, and recently the role of TNFAIP8 in p53 
signaling was analyzed in lung cancer cells and the study revealed that TNFAIP8 variant 2 (v2) represses tumor 
suppressor wild-type p53 function in lung cancer A549  cells37. Silencing of TNFAIP8 v2 induces p53-independent 
inhibition of DNA synthesis, widespread p53 binding, the initiation of p53-dependent cell-cycle arrest, and the 
sensitization of cells to  doxorubicin37. Mutant p53 (p53-K120) binds the TNFAIP8 locus at a cryptic p53 response 
element that is not occupied or bound by wild‐type p53 and thus increases TNFAIP8 expression, which promotes 
lung cancer cell survival/proliferation39. However, the exact role of TNFAIP8 in p53 regulation and signaling in 
melanoma and other skin cancers remains unknown.

Indeed, for the first time, we report here that TNFAIP8 enhances skin cancer cell proliferation and cell colony 
formation and migration. By induction of autophagy and by inhibiting cell apoptosis, TNFAIP8 also increased 
drug resistance in skin cancer cells. Interestingly, we also demonstrated that the expression of miR-205-5p 
controls the expression of TNFAIP8 and sensitizes melanoma cells to the B-RAFV600E mutant kinase inhibitor 
vemurafenib.

Figure 6.  miR-205-5p targets TNFAIP8 in skin cancer cells and increase sensitivity to vemurafenib. (A) HaCaT 
cells, and skin cancer SK-MEL-2, A375 and A2058 cell lines were treated with increasing concentrations of 
vemurafenib for 48 h and relative cell survival/proliferation was measured by MTT assay. The experiments 
were independently repeated three times. **P < 0.01, ***P < 0.001 compared to vehicle-treated cells. (B) HaCaT 
cells and skin cancer SK-MEL-2, A375 and A2058 cell lines were transfected with NC mimic or miR-205-5p 
mimic for 24 h and treated with vemurafenib or vehicle for an additional 48 h and relative cell survival were 
measured by MTT assay as described in the “Materials and methods” section. *P < 0.05, **P < 0.01, ***P < 0.001 
compared to NC mimic vehicle-treated cells or NC mimic and vemurafenib-treated cells. ns-no significance. 
(C) Melanoma A375 cells were transfected with NC mimic or miR-205-5p mimic for 18 h and then cells were 
treated with vemurafenib for an additional 24 h. Fifty micrograms of lysates were immunoblotted with anti-
cleaved-PARP and anti-β-tubulin antibodies. Western blots were developed using ECL chemiluminescence 
detection reagents, the blots were scanned using Azure C-500 Biosystem, scans were converted into grayscale 
and presented. (D) Melanoma A375 cells were transfected with EV of TNFAIP8-Myc plasmid for 18 h first and 
then cells were treated with vemurafenib or paclitaxel for 24 h as indicated and fifty micrograms lysates were 
immunoblotted with anti-Myc, anti-cleaved-PARP, and anti-β-actin antibodies. Western blots were developed 
using ECL chemiluminescence detection reagents and the blots were scanned using an Odyssey CLx imager. The 
immunoblot scans were converted into grayscale and presented. (E) Fifty micrograms of lysates from A375 and 
A2058 cells or A375R and A2058R (vemurafenib resistant) cells were immunoblotted with anti-TNFAIP8, anti-
LC3β I/II, and anti-β-actin antibodies. Western blots were developed using ECL chemiluminescence detection 
reagents, the blots were exposed on X-Ray films, scans were converted into grayscale and presented. (F) Relative 
cell proliferation/cell survival rate of A375 and A2058 cells, or A375R and A2058R (vemurafenib resistant) cells 
were measured by using WST-1 reagent (Cayman Chemical) (upper panel) or MTT assay reagent (lower panel) 
and plotted. **P < 0.01, ***P < 0.001 compared to A375 and A2058 parent cells. Results are representative of three 
independent experiments. Vem. Vemurafenib.
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Materials and methods
Cell culture. Skin cancer A431, A375, A2058, SK-MEL-2 cell lines, and the normal skin HaCaT cell line were 
obtained from ATCC (Manassas, VA). Cells were grown in DMEM medium (Invitrogen, Carlsbad, CA) contain-
ing 5% fetal bovine serum (FBS; Access Biologicals, Vista, CA) and 1% penicillin/streptomycin. Cell lines were 
maintained at 37 °C in a humidified cell culture incubator containing 5%  CO2. We also generated B-RAFV600E 
mutant inhibitor vemurafenib resistance A375R and A2058R Cells. A375 and A2058 Cells were treated with 
0.5–10 µM of vemurafenib. The cells were passaged twice every week to induce B-RAFV600E mutant inhibitor 
resistance and drug resistance cells were maintained in 1 µM vemurafenib. All cell lines were grown for at least 
24 h and used for experimentation when they reached 70–80% confluence.

Immunohistochemical analysis (IHC) of human skin cancer tissue samples. Skin cancer tissue 
samples used in the study were gifted from the Department of Pathology, General Hospital of Ningxia Medical 
University, Yinchuan, Ningxia Hui Autonomous Region, China. The samples included normal skin tissue (n = 6), 
basal cell carcinoma (BCC) (n = 6), high differentiated squamous cell carcinoma (H-SCC) (n = 4), medium dif-
ferentiated squamous cell carcinoma (M-SCC) (n = 4), low differentiated squamous cell carcinoma (M-SCC) 
(n = 4), skin nevus tissues (n = 6), and skin melanoma tissues (n = 6). Paraffin-embedded four-micron tissue sec-
tions were prepared and stained with a TNFAIP8 antibody (1:50 dilution) by incubation at 4  °C overnight. 
TNFAIP8 expression was detected using a Vector Labs Elite ABC Kit with 3,3′-diaminobenzidine as the chromo-
gen and hematoxylin as the counterstain (Innovex Biosciences). Slides were observed under a light microscope 
and photographed. The relative expression of TNFAIP8 from normal skin tissue and skin cancer tissues was 
quantified using Image-J software (https:// imagej. nih. gov/ ij/) and an average TNFAIP8 expression density was 
plotted.

Western blot. Skin cancer A431, A375, A2058, SK-MEL-2 cell lines, and the normal skin HaCaT cell line 
were grown for 24 h and treated or transfected with indicated plasmids. Transfected or treated cells were lysed 
in cell lysis buffer (Cell Signaling Technology, Danvers, MA) containing a protease inhibitor cocktail (Roche, 
Indianapolis, IN) and after centrifugation (10 min at 10,000 rpm) cell supernatant lysates were collected. The 
protein concentrations were measured from the supernatants using the Bio-Rad protein assay reagent (Bio-
Rad, Hercules, CA). Western blotting was performed as described  previously34. In short, cell lysates (50  µg) 
were separated on NuPAGE 4–12% Bis–Tris-SDS gels (Invitrogen) and then transferred to a polyvinylidene 
difluoride (PVDF) membrane (Millipore, Billerica, MA). The membranes were blocked in 1X blocking buffer 
(Sigma-Aldrich, St. Louis, MO) and incubated with primary antibodies overnight at 4 °C. The following anti-
bodies were obtained from Cell Signaling Technology (Danvers, MA): anti-B-RAF, anti-LC3β I/II, anti-p62, 
anti-Myc tag, anti-Cleaved-PARP, anti-β-tubulin, and anti-GAPDH. Anti-β-actin antibody from Sigma (St. 
Louis, MO) and anti-TNFAIP8 antibody from Proteintech Group (Rosemont, IL) was also purchased. All pri-
mary antibodies were used as per the manufacturer’s suggestions, typically at a 1:1000 dilution. After washing 
the membranes three times, the membranes were incubated in the appropriate secondary antibody conjugated 
with HRP (1:10,000 dilution) (Jackson ImmunoResearch, PA) or anti-rabbit secondary antibody conjugated 
with IRdye-680RD (LI-COR) for 1 h at room temperature, and immunoreactive bands were visualized using 
ECL chemiluminescence detection reagents (Signagen Laboratories, Rockville, MD) or by scanning the blots 
with an Odyssey CLx imager. The immunoblot scans were converted into grayscale and presented. The original 
immunoblot scans were presented as Supplementary Figs. S2–S7 with the manuscript.

Cell transfection. Empty vector (EV) pcDNA3.1 or TNFAIP8 (human tumor necrosis factor-alpha-
induced protein eight transcript variant 1)-Myc-DDK-tagged ORF cDNA plasmid was obtained from Origene 
(Rockville-MD, Cat # RC202729). Skin cancer A431, A375, and A2058 or HaCaT cell lines were grown in 6-well 
plates (1 ×  105 cells/wells) for 24 h before transfection and 2 μg of EV or TNFAIP8-Myc tagged plasmid DNA 
was transfected using Lipofectamine LTX Plus transfection reagent (Invitrogen). After 30–40 h of transfection, 
cells were harvested, and the expression of the TNFAIP8-Myc tagged protein was examined by immunoblotting. 
For siRNA transfection, control siRNA and human TNFAIP8 siRNA were obtained from Dharmacon (Lafayette, 
CO). Skin cancer A431, A375, and A2058 or normal skin cells were grown in antibiotic-free medium overnight 
and transfected with 100 nM control or TNFAIP8 siRNA using Lipofectamine RNAiMAX reagent (Invitrogen). 
For miRNA transfection, negative control (NC) and miR-205-5p mimic miRNAs were obtained from Origene 
(Rockville-MD) and skin cancer cells or normal skin cells were transfected with NC or miR-205-5p mimic 
microRNAs (100  nM) using Lipofectamine-2000 reagent (Invitrogen), After transfection of 30  h, cells were 
harvested and expression of miR-205-5p or TNFAIP8 was analyzed.

RT/PCR and RT/qPCR. Total RNA from skin cancer SK-MEL-2, A431, A375, A2058, and HaCaT cell lines 
was isolated using TRIZOL reagent (Life Technologies), and after cDNA synthesis, the expression of TNFAIP8 
isoforms was amplified by PCR by using isoform-specific primers (Supplementary Table S1) followed by RT/
PCR as described  previously34. The PCR products were electrophoresed on a 1.5% agarose gel stained with 
ethidium bromide. The PCR-amplified bands were extracted from the agarose gel and sequenced to confirm the 
identity of the isoforms. In other experiments, skin cancer A431, A375, A2058, and normal skin HaCaT cells 
were treated with TNFα (20 ng/ml) for 30 h and total RNA from cells was isolated using TRIZOL reagent. Equal 
amounts of RNA (1 µg) was reverse transcribed using a High Capacity cDNA Reverse Transcription kit (Applied 
Biosystems), and cDNA was incubated with Power SYBR Green PCR master mix (Applied Biosystems) and 
mixed with forward and reverse primers of TNFAIP8 (Supplementary Table S1). GAPDH primers were used 
as an internal control. For miR-205-5p expression analysis, total microRNAs from normal or skin cancer cells 
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were isolated using the mirVana microRNA Isolation Kit (Thermo Fisher Scientific). Total miRNAs (10 ng) were 
reverse transcribed using primers specific for miR-205-5p and U44 (Assay IDs 000509 and 001094, Applied Bio-
systems, Carlsbad, CA) and TaqMan Reverse Transcription reagents (Applied Biosystems). Expression of miR-
205-5p and U44 was quantified by RT/qPCR using TaqMan PCR master mixture and Taqman expression assay 
primers. U44 expression was used as an internal control. The PCR reactions were run on a QuantStudio-3 PCR 
system (Applied Biosystems) and relative quantitation was analyzed according to the manufacturer’s protocols.

Cell survival MTT assay. Skin cancer A431, A375, A2058 and, normal skin HaCaT cells (1 ×  104 cells/well) 
were grown in 96 plates for 18 h. Cells were treated with different concentrations of TNFα for 48 h and relative 
cell survival was analyzed by MTT 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) rea-
gent (MP Biochemicals, Santa Ana, CA). Similarly, in other experiments, skin cancer cells or normal skin cells 
(1 ×  105) were seeded onto 6-well plates for 24 h and transfected with EV of TNFAIP8-Myc plasmids or control 
siRNA and TNFAIP8 siRNA separately for 24 h. The transfected cells were harvested, and ten thousand cells 
seeded onto 96-well plates 48 h. Cells were incubated with 5 µl/well of MTT reagent (5 mg/ml) for 1 h at 37 °C 
in a cell culture incubator. Cells were washed with PBS, formazan crystals were dissolved in DMSO, and cell 
survival was quantified by reading the plates at 570 nm using a Fluostar Omega plate reader (BMG Lab Tech, 
Cary, NC).

Colony formation assay. Skin cancer A431, A375, A2058, and normal skin HaCaT cells were (1 ×  105 cells/
well) were grown in six plates for 18 h and cells were transiently transfected with TNFAIP8-Myc plasmid or 
empty-vector (EV) (2 µg/well in 6-well plates), or TNFAIP8 siRNA or control siRNA as indicated in different 
figures. In other experiments, cells were transfected with NC mimic or miR-205-5p mimic miRNAs for 24 h. 
Transfected cells were trypsinized and counted and live cells (3000 cells/well) were re-plated in 6-well plates in 
triplicate and allowed to grow for 7–10 days. Cells were washed with PBS, fixed with cold methanol, and stained 
with 0.1% crystal violet for 1 h. Cells were washed with distilled water and allowed to dry. Blue colonies were 
counted and plotted.

Migration assay. The effect of miR-205-5p overexpression on the migratory ability of skin cancer cells 
was analyzed by a wound healing migration assay as described  previously17. Cells were transfected with miR-
205-5p or NC mimic and transfected cells were plated, and the cell monolayer was scraped using a micropipette 
tip  (A0). At 24 h post-wounding  (A24), cells were photographed, and the migration gap length was calculated 
using ImageJ software (https:// imagej. nih. gov/ ij/). The percent wound closure was calculated using the formula 
[(A0 –  A24)/A0] × 100.

Immunofluorescence. HaCaT cells and skin cancer cell lines A431 and A2058 (1.5 ×  105) were grown on 
coverslips in 6-well plates and transfected with custom made Cy3-labeled NC or miR-205-5p mimic (Bioneer, 
Oakland, CA) for 48 h. After washing with PBS, cells were fixed with paraformaldehyde (4%) for 15 min, per-
meabilized with 0.25% Triton X-100 in PBS, and blocked with 2% bovine serum albumin in PBS for 1 h at room 
temperature. Cells were washed with PBS two times (15 min each) and incubated with anti-TNFAIP8 or anti-
LB3β I/II rabbit primary antibodies (diluted 1:500) at 4 °C for 18 h. Cells were washed again twice with PBS and 
incubated with Alexa-Fluor 488-conjugated fluorescein-labeled anti-rabbit secondary antibody (Invitrogen). 
After the immunostaining, cells were washed three times with PBS mounted with Vectashield-DAPI mount-
ing medium (Vector Laboratories, Burlingame, CA, Cat # H-1500-10). Slides were observed under a confocal 
microscope ZEISS LS 800 and images were captured.

Luciferase assay. For luciferase assay, first A431 and A2058 melanoma cells were transfected with 1 µg 
of TNFAIP8-3′UTR-Luciferase reporter construct (OriGene) in 96 well plates. After 18 h of transfection, cells 
were further transfected with 100 nM of miR-205-5p (wild-type), or miR-205-5p (mutant) mimic or NC mimic 
miRNAs for an additional 24 h. Transfected cells were washed with PBS and mixed with luciferase substrate 
(Switchgear Genomics, Carlsbad, CA, Cat # LS010). Plates were covered with aluminum foil to protect from light 
and incubated at room temperature for 30 min. The plates were read by using Fluostar Omega plate reader (BMG 
Lab Tech, Cary, NC) and relative luciferase activity was measured and plotted.

Statistical analysis. Results are from independent duplicate or triplicate experiments and presented as 
means ± SEM. Differences between groups were analyzed using either two-tailed Student’s t test or one-way 
ANOVA followed by Tukey HSD post-hoc test. A P value of < 0.05 was considered statistically significant. Sta-
tistical analyses were performed using the IBM SPSS Statistics 25 software (NY, USA) or Graph Pad Prism (Ver-
sion: 8 GraphPad Software Inc., CA, USA).

Data availability
All data produced during the current study are included in this article and its “Supplementary files”.
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