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Abstract

Cervical cancer presents a significant global health concern with high-risk human papillomaviruses (HPVs) identified as the main
cause of this cancer. Although current treatment methods for cervical cancer can eliminate lesions, preventing metastatic spread
and minimizing tissue damage remains a major challenge. Therefore, the development of a safer and innovative therapeutic
approach is of utmost importance. Natural products like Fig latex, derived from the Ficus Carica tree, have demonstrated promising
anti-cancer properties when tested on cervical cancer cell lines. However, the specific mechanisms by which Fig latex exerts its
effects are still unknown. In this study, we conducted RNA-seq analysis to explore how fig latex may counteract carcinogenesis in
HPV-positive cervical cancer cell lines, namely CaSki (HPV type 16-positive) and HelLa (HPV type 18-positive). Our results from this
investigation indicates that Fig latex influences the expression of genes associated with the development and progression of
cervical cancer, including pathways related to " Nonsense-Mediated Decay (NMD), " Cell Cycle regulation ", and “ Transcriptional
Regulation by TP53 . This selective impact of fig latex on cancer-related pathways suggests a potential novel therapeutic
approach for HPV-related cervical cancer.

1. Introduction

Cervical cancer is a prevalent malignancy in women with a staggering incidence of 604.127 new cases and 341,831 deaths
globally reported in 2020 [1]. Among the myriad factors contributing to the development and progression of this disease, infection
by high-risk Human Papillomaviruses (HPVs) emerges a key player [2]. Although the majority of HPV infections are resolved by the
host immune system within several months of exposure, viral lesions persist and gradually escalate into cancerous growths in
certain cases [3,4]. High-risk HPV strains, particularly types 16 and 18, play a significant role in driving the development of cervical
cancer [5,6]. Their oncoproteins, E6 and E7, are key factors in orchestrating the intricate process of cellular transformation into a
malignant state [6]. Specifically, E6 oncoprotein undermines the function of the tumour suppressor protein P53, impairing its role in
orchestrating apoptosis and contributing to the evasion of cell death [7-11]. In parallel, E7 disrupts the interaction between the
retinoblastoma (Rb) protein and the transcription factor E2F, tilting the G1/S cell cycle transition off balance and fostering
uncontrolled proliferation [12-14].

Despite the availability of preventive HPV vaccines and advances in screening and early detection, the clinical landscape of
advanced cervical cancer treatment remains ensnared in challenges largely driven by the complex interplay of HPV oncoproteins
[5,16]. While conventional therapeutic modalities like surgical intervention, radiation therapy, and chemotherapy play pivotal roles,
their utility is marred by a spectrum of unfavourable side effects [17]. Therefore, there is a growing demand for new drugs to
improve the treatment of cervical cancer, particularly for patients with advanced disease who have failed standard therapies
[18,19].

Recently, natural compounds have garnered substantial scientific interest for their potential therapeutic efficacy against various
cancer types [20,21]. These compounds are of particular interest due to their ability to induce apoptosis, inhibit cellular proliferation
and module crucial cellular signaling pathways [22]. Within this context, fig latex, extracted from Ficus Carica species stands out
for compelling anticancer properties. Recent studies have shed light on the cytotoxic effects of fig latex on a wide range of cancer
cell lines including those associated with cervical, gastric, and colorectal cancers [23—-25]. Importantly, our previous research has
shown that fig latex suppressed cervical cancer cell growth and induced apoptosis by downregulating E6 and E7 oncoproteins
while upregulating tumor suppressor proteins P53 and Rb. These findings firmly establish fig latex as a promising candidate for
cancer therapy [25].

Based on earlier findings above, we conducted an in-depth analysis of fig latex on genes related to cellular growth in HPV positive
cervical cancer cell lines by using RNA sequencing (RNA Seq). Our results clearly demonstrated that fig latex suppressed the
growth in HPV positive cervical cancer cell lines, specifically CaSki and HeLa without any observed cytotoxic effects on normal/
non-cancerous cervical cells (HCKT1). Analysis of RNA Seq data unveiled fig latex’s regulatory role in the expression of genes
crucial for various cancer related pathways, particularly those involved in “Nonsense Mediated Decay (NMD) “, “Cell Cycle “and
“Transcriptional Regulation by TP53". This selective impact of fig latex on cancer-related pathways suggests a potential novel
therapeutic approach for HPV-related cervical cancer.

2. Methods
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2.1. Chemicals and Reagents

Cell Culture medium, Dulbecco’s modified Eagle medium (DMEM) and Keratinocyte se-rum-free medium (SFM) with supplements
including EGF (Epidermal Growth Factor) and Bovine Pituitary Extract (BPE), penicillin-streptomycin, trypsin, Dulbecco’s Phosphate
Buffered Saline (DPBS) and Sodium pyruvate were purchased from Gibco (ThermoFisher, UK). Y-27632, Rho kinase inhibitor and
Sulforhodamine B (SRB) assay kit were purchased from Abcam, UK. Dimethyl sulfoxide (DMSO) and fetal bovine serum (FBS) were
purchased from Sigma, UK. GenElute RNA/DNA/Protein Purification Plus kit was purchased from Sigma-Aldrich, UK.

2.2. Collection and Purification of Ficus Carica Latex

Ficus Carica latex was collected drop by drop without squeezing over summer months from unripe fruits of fig trees in the suburb
of Antalya, Turkey. We performed the purification of fig latex, as described in our previous study [25]. Briefly, the latex was initially
filtered using a Whatman No. 1 filter from Fisher Scientific, UK. After filtration, it was then centrifuged at 13000 rpm and a
temperature of 4°C to separate the polymeric gum from the liquid filtrate. The aqueous part was further purified by filtration using a

disposable filter membrane with a pore size of 5 pm from Sigma, UK. It was stored at -20 °C for further analysis.

2.3. Cell Lines and Cell Culture Conditions

HPV-positive human cervical cancer cell lines, specifically CaSki with HPV type 16 and HelLa with HPV type 18, were procured from
the American Type Culture Collection (Manassas, VA, USA). HPV-negative human cervical keratinocytes, known as HCKT1 and
generously provided by Prof. Tohru Kiyono from Japan National Cancer Center, were also included in the study. To sustain the
growth of HeLa and CaSki cells, a culture medium of DMEM supplemented with 10% heat-inactivated fetal bovine serum (FBS) and
100 pg/mL penicillin-streptomycin was employed. In contrast, HCKT1 cells were nurtured in a serum-free medium supplemented
with 20 pg/mL BPE, 0.2 ng/mL EGF, and 10 pM Y-27632. All cell lines were cultivated in a controlled environment with 5% CO, at
37°C to maintain optimal humidity and conditions.

2.4. SRB Cell Viability Assay

In order to investigate the effect of fig latex on cell growth, Sulforodamine B (SRB) assay was performed. For cell viability analysis,
the aqueous part of the fig latex extract was subjected to freeze-drying to obtain a powder form. The freeze-dried powder was then
dissolved in DMSO to prepare a 1 mg/ml stock solution. Several 1concentrations were prepared by diluting the stock solution with
cell culture medium. Human cervical cancer cells (HeLa and CaSki) and normal HCKT1 cells were cultured at concentration of 5 x
10%in 0.1 mL of medium, in a 96 well plate. The following day, cells were treated with various concentrations (5,10,50,100,200) of
fig latex. After 72h of treatment, cells were fixed by fixation solution for Th. After 3 washes with distilled water, cells were stained
with SRB solution for 15 mins and rinsed with washing solution 3 times. Protein-bound dye was solubilized, and the optical density
was determined at 545nm based on manufacturer’s recommendations. For all the experiments, the percentage of cytotoxicity was
calculated as: [(O.D. vehicle) x (0.D. sample)/0.D. vehicle] x 100. Background correction was carried out by subtracting the 0.D. of
culture media. The percent of proliferation in each treated cell line was normalised based on their control wells. All experiments
were performed at least in triplicate. All treatments were adjusted to equal concentrations of DMSO between 0.1 ~ 0.2%.

2.5. Cell Cycle Analysis

Cell cycle distribution was assessed by flow cytometry. Cells were treated with 100 pg/ml of fig latex or equivalent amount of PBS
for 72 hrs. Approximately (1x 10) cells were harvested from both control and treated flasks. Cells were then washed in 122PBS
and fixed in 70% ice-cold ethanol for 1 hr. Then 500 pl of PI/RNase (Thermofisher, UK) was added to samples and were kept in the
dark for 20 minutes at 37°C. Stained cells were then excited at 488 nm using the FL-3 detector (620 nM) of a BD FACs Calibur flow
cytometer (Becton Dickinson). Acquired data was analysed using CellQuest software (Becton Dickinson).

2.6. RNA Preparation

Total RNA extraction from fig latex treated and untreated cell lines was performed using Gen Elute kit according to the
manufacturer’s instructions. The quality of total RNA was assessed using The Agilent 2100 bioanalyzer (Agilent, Palo Alto, CA,
USA) with RNA 6000 Nano LabChip kit. All RNA samples selected for sequencing had a RIN value of greater than 7.5.

2.7. RNA Sequencing
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RNA samples were sent to CeGaT GmbH, Germany for library preparation, sequencing and bioinformatic analysis. Libraries were
prepared using the SMART-Seq Stranded Kit (Takara). Multiplexed libraries were sequenced on the lllumina NovaSeq 6000
platform, at 100bp paired end reads. The sequencing depth for each sample was > 20 million reads. All samples were passed
quality control based on manufacturer’s standards.

2.8. Bioinformatic Analysis

The sequence reads were analyzed further by using diverse bioinformatic tools. Demultiplexing of the sequencing reads was
performed with lllumina bcl2fastq (vs 2.20). Adapters were trimmed with Skewer (vs 0.2.2) [26]. Trimmed raw reads were aligned
to hg19-cegat using STAR (version 2.7.3) [27]. Pseudo autosomal regions (PAR) were masked on chromosome Y (chrY:10001-
2649520, chrY:59034050-59363566). Reads originating from these regions can be found at the respective location on
chromosome X. Normalized counts have been calculated with DESeq2 (version 1.24.0) in R (version 3.6.1) [28]. DESeq2 uses a
negative binomial generalised linear model to test for differential expression based on gene counts. For functional enrichment
analysis, the RNA-Seq data obtained from drug-treated and untreated cells was used. Gene Set Enrichment Analysis (GSEA) was
performed using the GSEA software (version 4.3.0) [29,30]. The RNA-Seq data sets were preprocessed and normalized, and the
resulting gene expression profiles were analyzed against a comprehensive collection of gene sets derived from public databases,
such as MSigDB [29]. The GSEA algorithm computed an enrichment score for each gene set, indicating the extent to which the
gene set was overrepresented among the differentially expressed genes. Moreover, EnrichR, an online platform for comprehensive
gene set enrichment analysis, was utilized [31-33]. The preprocessed RNA-Seq data sets were uploaded to EnrichR, and the
analysis was conducted by following the provided instructions. EnrichR integrates multiple pathway and gene set databases, such
as KEGG and Reactome, to identify enriched pathways associated with the differentially expressed genes. The analysis generated
enriched pathway results with corresponding statistical significance. The results obtained from both GSEA and EnrichR (version
3.2) were used to gain insights into the biological processes and pathways affected by the drug treatment in the cells [29-33].
Kinase 161enrichment analysis was performed by using Expression2 Kinases (X2K) software (version 1620.0.4) [34,35].

2.9. Statistical Analysis.

The data were collected from at least three independent experiments and presented as the mean + standard deviation for each
group. Statistical analyses, including one-way analysis of variance (ANOVA) followed by post hoc Tukey's test, were conducted
using R Studio software with the 'stats' package for ANOVA and the 'agricolae’ package for post hoc testing. A significance level of
p < 0.05 was considered to indicate a statistically significant difference.

3. Results

3.1. Fig Latex inhibits the growth of HPV positive cervical cancer cell lines.

To explore the effect of fig latex on the growth of distinct cervical cell lines, we conducted experiments using three cell types:
normal human cervical keratinocytes (HCKT1) and two HPV-positive cervical cancer cell lines (HeLa HPV18 + and CaSki HPV16+).
These cells were subjected to varying concentrations of fig latex (5 ug/ml, 10 pg/ml, 50 pg/ml, 100 pg/ml, 200 pg/ml) for a
duration of 72 hours. The viability of these cells was assessed using the Sulforhodamine B (SRB) colorimetric assay. Notably, fig
latex demonstrated no cytotoxic effects on normal human cervical keratinocytes when contrasted with cervical cancer cells.
Remarkably, IC50 values for fig latex after 72 hours on HelLa and CaSki cells were determined to be 106 pg/ml and 110 pg/ml,
respectively (Fig. 1B-C). These observations underline the potential of specific fig latex concentrations to selectively induce
cytotoxicity in HPV-positive cervical cancer cells without any adverse effect on normal cells. (Fig. 1A).

3.2. Fig latex induces cell cycle arrest at sub G1 in HPV positive cervical cancer cell lines.

To investigate whether the growth inhibitory effect of fig latex on HeLa and CaSki cells is related to the cell cycle arrest, changes in
cell cycle progression of those cancer cells were determined after 100 pg/ml of fig latex treatment using flow cytometry. As shown
in Fig. 2, cancer cells in sub-G1 phase were increased under fig latex treatment. This suggests that fig latex inhibited the cellular
proliferation of human cervical cancer cell lines, HeLa and CaSki via arrested G1 phase of the cell cycle. In contrast, HCKT1 cells
treated with fig latex showed approximately the same ratio in all phases of cell cycle.

3.3. Transcriptomic profiling of different HPV positive cervical cancer cells upon whole fig latex treatment
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To investigate the gene expression profile HPV positive human cervical cancer cells upon fig latex treatment, the cells, HelLa
(HPV18 positive) and CaSki (HPV16 positive) were subjected to treatment with 100 ug/ml of fig latex that was a concentration
closely aligned with IC50 value. We performed RNA Sequencing (RNA Seq) to decipher the changes in gene expression profiles of
human cervical cancer cells upon treatment.

The subsequent analysis of differential gene expression uncovered a total of 149 genes that exhibited significant differences in
expression levels within the HPV-positive cancer cell lines. Among these genes, 65 demonstrated consistent downregulation, while
84 displayed consistent upregulation upon exposure to fig latex treatment. This dynamic shift in gene expression profiles paints a
comprehensive picture of the genetic responses triggered in HPV- positive cervical cancer cell lines following exposure to fig latex
(Table SI).

3.4. Analysis of differentially expressed genes in HPV positive cervical cancer cell lines upon fig latex treatment using KEGG
pathway enrichment analysis.

Pathway enrichment analysis were employed to scrutinize the effects of fig latex treatment on differentially expressed analysis
within HPV positive cervical cancer cell lines. The results indicated that the genes modulated by fig latex treatment were crucial for
several cell processes including “Nonsense Mediated Decay (NMD) “, “Cell Cycle “and “Transcriptional Regulation by TP53

“(Table 1). Noteworthy, a cluster of genes were overlapped across these pathways, implying their indispensable role in regulation of
cell cycle and mRNA stability. These collective findings suggest that fig latex holds the potential to regulate pivotal signaling
cascades intricately linked to cell growth and genomic instability, thereby extending its potential therapeutic significance to the

management of HPV associated cervical cancers.

Table 1: Pathway enrichment analysis of common genes in HPV positive cervical cancer cell lines after fig latex treatment. The
table includes the description of the biological pathway or process, the number of overlap genes from differentially expressed
genes, the p-value, FDR g-value, and the specific genes that overlap for each pathway or process.

Description Number p- FDR Overlap genes
0 value ¢-
Overlap value
Genes
Nonsense- 7 1.45E- 2.21E- RPS27ARNF111,RPS6,RPL27,RPL37,RPL39,UPF2,SMG6
Mediated 07 04
Decay (NMD)
Cell Cycle 12 5.91E- 3.02E- PCNA,POLD3,PRIM1,0RC2,RAD1,YWHAQ,CDC14A,CENPK,CEP72,MZT1,DIDO1
06 03
Transcriptional 8 3.42E- 5.82E- RPS27ARAD1,YWHAQ, RPS27A,PCNA,COX7A2L,NDRG1,PIP4K2B
Regulation by 05 03
TP33

3.5. Investigation of differentially expressed genes in HPV positive cervical cancer cell lines upon fig latex treatment by kinase
enrichment and chromatin enrichment analysis.

To identify the transcription factors and kinases that regulate downregulated genes upon fig latex treatment, we employed in silico
methodologies, including Chromatin Enrichment Analysis (CheA) and Kinase Enrichment Analysis (KEA). Our analysis underscores
the prominence of transcription factors such as NFYB, NFYA, MAX, and TAF1, alongside kinases CDK4, CDK1, and MAPK1

(Table 2A-2B). These molecules play pivotal roles in orchestrating the observed gene expression changes induced by fig latex,
illuminating the complex interplay between the fig latex treatment and cellular regulatory networks. Furthermore, a comprehensive
upstream pathway analysis of enriched transcription factors and kinases revealed that fig latex treatment impacts key proteins
involved in cell cycle regulation. Specifically, the regulation of MAPK1, CDK2, and MYC proteins, which are crucial for cell growth, by
enriched transcription factors was observed (Fig. 3). The discovery of these key transcription factors and regulatory kinases as the
regulators of downregulated genes in cell cycle reveals that fig latex holds potential for combatting HPV-positive cancers at the
molecular level.

Table 2: Analysis of transcription factors and kinases that regulate down-regulated genes upon fig latex treatment. (A) The top
transcription factors (B) The top 3 predicted regulatory kinases. The predictions are ranked based on their combined statistical
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score (p-value).

(A
Transcription Factors  p-value
NFYB 1.74 X E-6
NFYA 8.53 x E-6
MAX 2.23xE-5
(B)
Regulatory Kinases  p-value
CDK4 6.74 x E-18
CDK1 2.62xE-16
MAX 3.68xE-14

4. Discussion

Cervical cancer, primarily instigated by high-risk human papillomavirus (HPV) infection, poses a substantial global health burden
[1,17]. A pivotal challenge in combating cervical cancer is rooted in the tumour cell's aggressive growth, primarily orchestrated by
HPV oncoproteins E6 and E7 [16]. These oncoproteins play a pivotal role in overriding cellular control mechanisms, leading to
carcinogenesis [36]. This not only leads to progression of the cancer but also contributes to resistance against current therapies
and resulting in poor clinical outcomes [18,37]. Consequently, there is a pressing need to develop novel therapeutic strategies [17].
The realm of natural products has emerged as a promising area of interest in cancer research due to their potential anticancer
activity [22]. Our prior investigation highlighted the therapeutic potential of Ficus Carica latex, a natural product derived from figs, in
the context of HPV positive cervical cancer cell lines [25]. However, the precise molecular mechanisms through which it impacts
HPV-positive cervical cancer cells, particularly its ability to counteract the carcinogenic effects mediated by HPV oncoproteins E6
and E7, remain to be elucidated. In the light of this, our current study aimed to unravel the potential of fig latex as a therapeutic
approach to counteract the effect of HPV oncoproteins E6 and E7 in cervical carcinogenesis.

To address this objective, we treated HPV-cervical cancer cells with fig latex and investigated the cellular growth-related gene
expression patterns and signaling pathways. Through an extensive RNA Seq analysis, we meticulously scrutinised the
transcriptome of fig latex treated cells in comparison to the control group. This methodology allowed us to pinpoint genes with
varying expression levels and provided insights into the precise molecular modifications triggered by fig latex treatment.

Our investigation showed the growth inhibitory effects of fig latex on HPV positive cervical cancer cells, in consistent with our
earlier observations [25]. Treatment of fig latex resulted in a significant inhibition of cell growth in HeLa and CaSki, with calculated
IC50 values of 106 and 110 pg/ml, respectively. Importantly, treatment with fig latex had no discernible effect on normal human
cervical keratinocytes (HCKT1), indicating the selective cytotoxicity of fig latex toward HPV positive cervical cancer cells.
Furthermore, our investigation looked into the cell cycle dynamics, revealing intriguing outcomes. The data from this analysis
indicated that fig latex induces cell death in sub G1 phase in both HelLa and CaSki cells. These findings further emphasise the
potential of fig latex to disrupt viral cell cycle checkpoints, thereby contributing to its selective cytotoxic effects on cervical cancer.

Beyond the growth inhibitory effect of fig latex, this study also reports that fig latex exhibits anti-cancer effects by orchestrating
intricate signalling pathways in cervical cancer development and progression within HPV positive cervical cancer cells. These
pathways are Nonsense Mediated Decay (NMD) pathway (p-value:2.21E-07), Cell Cycle pathway (p-value:3.02E-03) and
Transcriptional regulation by P53 pathway (p-value: 3.42E-05). NMD pathway is known for its role, specifically in degrading
transcripts harbouring premature termination codons (PTCs) [38-41]. Notably, several key genes of this pathway including
RPS27A, RNF111, RPS6 were consistently upregulated with fig latex treatment. HPV infection has been implicated in perturbing
normal gene expression by promoting the degradation of specific cellular transcripts [42]. In particular, HPV E6 and E7
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oncoproteins can disrupt normal cellular processes, including the regulation of mRNA stability [43]. In line with this, recent studies
have demonstrated that the NMD pathway can target and degrade viral oncogenes, thereby exhibiting tumour suppressive
properties [44—-46]. These findings suggest that by activating the NMD pathway, fig latex may contribute to reducing the expression
of HPV oncogenes, thereby suppressing their tumorigenic potential.

Furthermore, our analysis of HPV-positive cancer cell lines treated with fig latex showed a significant enrichment of the Cell Cycle
pathway, indicating a potential link between fig latex and cellular growth. Key genes involved in cell cycle regulation were
downregulated, including PCNA, POLD3, PRIM1, ORC2. Dysregulation of the cell cycle is a hallmark of cancer, including HPV-
associated cervical cancer [47]. HPV oncoproteins, particularly E6 and E7, disrupt the normal cell cycle control mechanisms,
promoting un-controlled proliferation and genomic instability [48—50]. Our findings suggest that fig latex treatment may inactivate
the Cell Cycle pathway in HPV-positive cervical cancer cells. These findings are also consistent with our previous studies showing
that fig latex treatment has been shown to inhibit the expression of HPV E6 and E7 oncoproteins, thereby leading to suppression of
cancer cell growth [25].

Our pathway enrichment analysis of RNA-Seq data from HPV-positive cancer cell lines treated with fig latex revealed a significant
enrichment of the Transcriptional Regulation by TP53 pathway (p-value: 3.42E-05). This finding unveils a potential connection
between fig latex and anti-cancer response by highlighting the upregulation of key genes, including RPS27A, RAD1, YWHAQ.
Transcriptional Regulation by TP53 pathway is essential for the control of cell cycle arrest, DNA repair, apoptosis, and senescence
[51,52]. The TP53 gene, also known as p53, is a tumour suppressor that plays a crucial role in maintaining genomic stability and
preventing the development of cancer [53]. In HPV-associated cervical cancer, the HPV E6 oncoprotein promotes the degradation
of p53, leading to the dysregulation of TP53-dependent transcriptional regulation [8]. Moreover, it is worth noting that our previous
study demonstrated that fig latex treatment rescued the activity of P53 [25]. In line with this, by inhibiting E6-mediated p53
degradation, fig latex treatment may contribute to the restoration of TP53 transcriptional regulation in HPV-positive cervical cancer
cells.

Lastly, to uncover further molecular networks modulated by fig latex, transcription factors and kinase enrichment analysis was
performed. The identification of prominent transcription factors (NFYB, NFYA) and regulatory kinases (CDK4, CDK1, and MAPK1)
that govern the expression of downregulated genes following fig latex treatment highlights the potential of this natural remedy in
targeting and modulating key players in cancer progression [54-59]. Particularly, our upstream pathway analysis reveals the
impact of fig latex on essential proteins involved in cell cycle regulation, including MAPK1, CDK2, and MYC, which are integral to
cell growth [54-62]. These findings signify fig latex's potential in disrupting critical pathways associated with cancer cell
proliferation. The ability to in-fluence such regulatory networks at the molecular level holds promise for the development of novel,
precision-driven therapies for HPV-positive cancers.

In conclusion, our findings provide valuable insights into the molecular mechanisms underlying fig latex's action and its potential in
combating HPV-positive cervical cancer by inhibiting cancer cell growth. By targeting key pathways associated with cell
proliferation, fig latex or its active components hold promise for the development of novel therapeutic strategies against cervical
cancer.

Declarations

Author Contributions: Conceptualization, G.H.A.; Methodology, M.0.C., U.B., A.G and G.H.A_; software, U.B.; validation, G.H.A. and
M.O.C.; formal analysis, G.H.A. and M.0.C.; data curation, M.0.C., A.G and U.B.; writing—original draft preparation, M.0.C.; writing—
review and editing, G.H.A. and M.0.C.; visualization, M.0.C.; supervision, G.H.A_; project administration, G.H.A_; funding acquisition,
G.H.A. All authors have read and agreed to the published version of the manuscript.

Funding: This research was partially funded by the Kingston University London Innovation Seedcorn Grant.
Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Page 7/13



Data Availability Statement: The data presented in this study are available on request from the corresponding author. The data is
not publicly available due to confidentiality.

Acknowledgments: The authors would like to acknowledge Kingston University London for providing laboratory facilities.

Conflicts of Interest: The authors declare no conflict of interests

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A and Bray F: Global Cancer Statistics 2020: GLOBOCAN
Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin 71: 209-249, 2021.
doi:10.3322/caac.21660.

2. zur Hausen H: Papillomaviruses and cancer: from basic studies to clinical application. Nat Rev Cancer 2: 342-350, 2002.
doi:10.1038/nrc798.

3. Maucort-Boulch D, Plummer M, Castle PE, Demuth F, Safaeian M, Wheeler CM and Schiffman M: Predictors of human
papillomavirus persistence among women with equivocal or mildly abnormal cytology. Int J Cancer 126: 684-691, 2010.
doi:10.1002/ijc.24752.

4. Schiffman M, Castle PE, Jeronimo J, Rodriguez AC and Wacholder S: Human papillomavirus and cervical cancer. The Lancet
370: 890-907, 2007. doi:10.1016/S0140-6736(07)61416-0.

5. Moody CA and Laimins LA: Human papillomavirus oncoproteins: pathways to transformation. Nat Rev Cancer 10: 550—560,
2010. doi:10.1038/nrc2886.

6. Minger K and Howley PM: Human papillomavirus immortalization and transformation functions. Virus Res 89: 213-228,
2002. doi:10.1016/S0168-1702(02)00190-9.

7. Crook T, Vousden KH and Tidy JA: Degradation of p53 can be targeted by HPV E6 sequences distinct from those required for
p53 binding and trans-activation. Cell 67: 547- 556, 1991. doi:10.1016/0092-8674(91)90529-8.

8. Scheffner M, Werness BA, Huibregtse JM, Levine AJ and Howley PM: The E6 oncoprotein encoded by human papillomavirus
types 16 and 18 promotes the degradation of p53. Cell 63: 1129-1136, 1990. doi:10.1016/0092-8674(90)90409-8.

9. Huibregtse JM, Scheffner M and Howley PM: A cellular protein mediates association of p53 with the E6 oncoprotein of human
papillomavirus types 16 or 18. EMBO J 10: 4129-4135, 3621991. doi:10.1002/j.1460-2075.1991.tb04990.x.

10. Scheffner M, Huibregtse JM, Vierstra RD and Howley PM: The HPV-16 E6 and E6-AP complex functions as a ubiquitin-protein
ligase in the ubiquitination of p53. Cell 75: 495- 505, 1993. doi:10.1016/0092-8674(93)90384-3.

11. Shimada M, Yamashita A, Saito M, et al.: The human papillomavirus E6 protein targets apoptosis-inducing factor (AIF) for
degradation. Sci Rep 10: 14195, 2020. doi:10.1038/s41598-020-71134-3.

12. Boyer SN, Wazer DE and Band V: E7 protein of human papilloma virus-16 induces degradation of retinoblastoma protein
through the ubiquitin-proteasome pathway. Cancer Res 56: 4620-4, 1996.

13. Jones DL and Miinger K: Interactions of the human papillomavirus E7 protein with cell cycle regulators. Semin Cancer Biol 7:
327-337,1996. doi:10.1006/scbi.1996.0042.

14. Gonzalez SL, Stremlau M, He X, Basile JR and Miinger K: Degradation of the Retinoblastoma Tumor Suppressor by the Human
Papillomavirus Type 16 E7 Oncoprotein is important for Functional Inactivation and is Separable from Proteasomal
Degradation of E7. J Virol 75: 7583-7591, 2001. doi:10.1128/JVI.75.16.7583-7591.2001.

15. Davies-Oliveira JC, Smith MA, Grover S, Canfell K and Crosbie EJ: Eliminating Cervical Cancer: Progress and Challenges for
High-income Countries. Clin Oncol 33: 550-559, 2021. doi:10.1016/j.clon.2021.06.013.

16. Pal A and Kundu R: Human Papillomavirus E6 and E7: The Cervical Cancer Hallmarks and Targets for Therapy. Front Microbiol
10, 2020. doi:10.3389/fmicb.2019.03116.

17. Burmeister CA, Khan SF, Schafer G, Mbatani N, Adams T, Moodley J and Prince S: Cervical 382cancer therapies: Current
challenges and future perspectives. Tumour Virus Res 13: 200238, 3832022. doi:10.1016/j.tvr.2022.200238.

18. George IA, Chauhan R, Dhawale RE, et al.: Insights into therapy resistance in cervical cancer. Advances in Cancer Biology -
Metastasis 6: 100074, 2022. doi:10.1016/j.adcanc.2022.100074.

Page 8/13



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.
34.

35.

36.

37.

38.

39.

40.

Tewari KS, Sill MW, Long HJ, et al.: Improved Survival with Bevacizumab in Advanced Cervical Cancer. New England Journal of
Medicine 370: 734-743, 2014. doi:10.1056/NEJMoa1309748.

Newman DJ and Cragg GM: Natural Products as Sources of New Drugs over the Last 25 Years. J Nat Prod 70: 461-477, 2007.
doi:10.1021/np068054v.

Cragg GM, Grothaus PG and Newman DJ: New Horizons for Old Drugs and Drug Leads. J Nat Prod 77: 703-723, 2014.
doi:10.1021/np5000796.

Kubczak M, Szustka A and Rogalinska M: Molecular Targets of Natural Compounds withAnti-Cancer Properties. Int J Mol Sci
22:13659, 2021. doi:10.3390/ijms222413659.

Soltana H, Pinon A, Limami Y, et al.: Antitumoral activity of Ficus carica L. on colorectal cancer cell lines. Cell Mol Biol 65: 6—
11,2019. doi:10.14715/cmb/2019.65.6.2.

Hashemi SA, The Effect of Fig Tree Latex (Ficus carica) on Stomach Cancer Line. Iran Red Crescent Medical Journal 13: 272~
275,2011.

Ghanbari A, Le Gresley A, Naughton D, Kuhnert N, Sirbu D and Ashrafi GH: Biological activities of Ficus carica latex for potential
therapeutics in Human Papillomavirus (HPV) related cervical cancers. Sci Rep 9: 1013, 2019. doi:10.1038/s41598-018-37665-
6.

Jiang H, Lei R, Ding S-W and Zhu S: Skewer: a fast and accurate adapter trimmer for next-generation sequencing paired-end
reads. BMC Bioinformatics 15: 182, 2014. doi:10.1186/1471-2105-15-182.
Dobin A, Davis CA, Schlesinger F, et al.: STAR: ultrafast universal RNA-seq aligner. Bioinformatics 29: 15-21, 2013.
doi:10.1093/bioinformatics/bts635.
Love MI, Huber W and Anders S: Moderated estimation of fold change and dispersion for RNA-seq data with DESeq2. Genome
Biol 15: 550, 2014. doi:10.1186/s13059-014-0550-8.
Liberzon A, Birger C, Thorvaldsdéttir H, Ghandi M, Mesirov JP and Tamayo P: The Molecular Signatures Database Hallmark
Gene Set Collection. Cell Syst 1: 417-425, 2015. doi:10.1016/j.cels.2015.12.004.
Subramanian A, Tamayo P, Mootha VK, et al.: Gene set enrichment analysis: A knowledge-based approach for interpreting
genome-wide expression profiles. Proceedings of the National Academy of Sciences 102: 15545-15550, 2005.
doi:10.1073/pnas.0506580102.
Kuleshov M V., Jones MR, Rouillard AD, et al.: Enrichr: a comprehensive gene set enrichment analysis web server 2016 update.
Nucleic Acids Res 44: W90-W97, 2016. doi:10.1093/nar/gkw377.
Chen EY, Tan CM, Kou Y, et al.: Enrichr: interactive and collaborative HTMLS5 gene listenrichment analysis tool. BMC
Bioinformatics 14: 128, 2013.
Xie Z, Bailey A, Kuleshov M V., et al.: Gene Set Knowledge Discovery with Enrichr. Curr Protoc 1, 2021. doi:10.1002/cpz1.90.
Clarke DJB, Kuleshov MV, Schilder BM, et al.: eXpression2Kinases (X2K) Web: linking expression signatures to upstream cell
signaling networks. Nucleic Acids Res 46: W171—- W179, 2018. doi:10.1093/nar/gky458.
Chen EY, Xu H, Gordonov S, Lim MP, Perkins MH and Ma'ayan A: Expression2Kinases: mRNA profiling linked to multiple
upstream regulatory layers. Bioinformatics 28: 105-111, 2012. doi:10.1186/1471-2105-14-128.
Yim E-K and Park J-S: The Role of HPV E6 and E7 Oncoproteins in HPV-associated Cervical Carcinogenesis. Cancer Res Treat
37:319, 2005. doi:10.4143/crt.2005.37.6.319.
Cosper PF, McNair C, Gonzalez |, et al.: Decreased local immune response and retained HPV gene expression during
chemoradiotherapy are associated with treatment resistance and death from cervical cancer. Int J Cancer 146: 2047-2058,
2020. doi:10.1002/ijc.32793.
Behm-Ansmant I, Kashima I, Rehwinkel J, Sauliere J, Wittkopp N and Izaurralde E: mRNA quality control: An ancient machinery
recognizes and degrades mRNAs with nonsense codons. FEBS Lett 581: 2845-2853, 2007. doi:10.1016/j.febslet.2007.05.027.
Nicholson P, Yepiskoposyan H, Metze S, Zamudio Orozco R, Kleinschmidt N and Miihlemann O: Nonsense-mediated mRNA
decay in human cells: mechanistic insights, functions beyond quality control and the double-life of NMD factors. Cellular and
Molecular Life Sciences 67: 677-700, 2010. doi:10.1007/s00018-009-0177-1.
Durand S and Lykke-Andersen J: SnapShot: Nonsense-Mediated mRNA Decay. Cell 145:324-324.€2, 2011.
doi:10.1016/j.cell.2011.03.038.

Page 9/13



41.

42.

43.

44,

45.

46.

47.
48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Poulsen SL, Hansen RK, Wagner SA, et al.: RNF111/Arkadia is a SUMO-targeted ubiquitin ligase that facilitates the DNA
damage response. Journal of Cell Biology 201: 797-807, 2013. doi:10.1083/jcb.201212075.

Kadaja M, Isok-Paas H, Laos T, Ustav E and Ustav M: Mechanism of Genomic Instability in Cells Infected with the High-Risk
Human Papillomaviruses. PLoS Pathog 5: e1000397, 2009. doi:10.1371/journal.ppat.1000397.

Hengstermann A, Linares LK, Ciechanover A, Whitaker NJ and Scheffner M: Complete switch from Mdm2 to human
papillomavirus E6-mediated degradation of p53 in cervical cancer cells. Proceedings of the National Academy of Sciences 98:
1218-1223,2001. doi:10.1073/pnas.98.3.1218. doi:10.1073/pnas.98.3.1218.
Prochasson L, Jalinot P and Mocquet V: The Complex Relationship between HTLV-1 and Nonsense-Mediated mRNA Decay
(NMD). Pathogens 9: 287, 2020. doi:10.3390/pathogens9040287.
Leon K and Ott M: An ‘Arms Race’ between the Nonsense-mediated mRNA Decay Pathway and Viral Infections. Semin Cell Dev
Biol 111: 101-107, 2021. doi:10.1016/j.semcdb.2020.05.018.
van Gent M, Reich A, Velu SE and Gack MU: Nonsense-mediated decay controls the reactivation of the oncogenic
herpesviruses EBV and KSHV. PLoS Biol 19: €3001097, 2021. doi:10.1371/journal.pbio.3001097.
Hanahan D: Hallmarks of Cancer: New Dimensions. Cancer Discov 12: 31-46, 2022. doi:10.1158/2159-8290.CD-21-1059.
Thomas JT and Laimins LA: Human Papillomavirus Oncoproteins E6 and E7 Independently Abrogate the Mitotic Spindle
Checkpoint. J Virol 72: 1131-1137, 1998. doi:10.1128/JV1.72.2.1131-1137.1998.
Nor Rashid N, Yusof R and Watson RJ: Disruption of repressive p130—-DREAM complexes by human papillomavirus 16 E6/E7
oncoproteins is required for cell-cycle progression in cervical cancer cells. Journal of General Virology 92: 2620-2627, 2011.
doi:10.1099/vir.0.035352-0.
Thomas M, Laura R, Hepner K, Guccione E, Sawyers C, Lasky L and Banks L: Oncogenic 458human papillomavirus E6 proteins
target the MAGI-2 and MAGI-3 proteins for degradation. Oncogene 21: 5088—-5096, 2002. doi:10.1038/sj.0nc.1205668.
Kruiswijk F, Labuschagne CF and Vousden KH: p53 in survival, death and metabolic health:a lifeguard with a licence to kill. Nat
Rev Mol Cell Biol 16: 393-405, 2015. doi:10.1038/nrm4007.
Vousden KH and Prives C: Blinded by the Light: The Growing Complexity of p53. Cell 137:413-431, 20009.
doi:10.1016/j.cell.2009.04.037.
Chen J: The Cell-Cycle Arrest and Apoptotic Functions of p53 in Tumor Initiation and Progression. Cold Spring Harb Perspect
Med 6: 2026104, 2016. doi:10.1101/cshperspect.a026104.
Wang Q, Bode AM and Zhang T: Targeting CDK1 in cancer: mechanisms and implications. NPJ Precis Oncol 7: 58, 2023.
doi:10.1038/s41698-023-00407-7.
Baker SJ, Poulikakos P, Irie HY, Parekh S and Reddy EP: CDK4: a master regulator of the cell cycle and its role in cancer. Genes
Cancer 13: 21-45, 2022. doi:10.18632/genesandcancer.221.
Yang W, Feng Q, Ma H, Lei D and Zheng P: NF-YA promotes the cell proliferation and tumorigenic properties by transcriptional
activation of SOX2 in cervical cancer. J Cell Mol Med 24: 12464-12475, 2020. doi:10.1111/jcmm.15777.
Gurtner A, Manni | and Piaggio G: NF-Y in cancer: Impact on cell transformation of a gene essential for proliferation.
Biochimica et Biophysica Acta (BBA) - Gene Regulatory Mechanisms 1860: 604-616, 2017.
doi:10.1016/j.bbagrm.2016.12.005.
Gao Y, Wang H, Zhong A and Yu T: Expression and prognosis of CyclinA and CDK2 in patients with advanced cervical cancer
after chemotherapy. Cell Mol Biol (Noisy-le-grand) 66: 85-91, 2020.
Zhang W and Liu HT: MAPK signal pathways in the regulation of cell proliferation in mammalian cells. Cell Res 12: 9-18, 2002.
doi:10.1038/sj.cr.7290105.
Abba MC, Laguens RM, Dulout FN and Golijow CD: The c-myc activation in cervical carcinomas and HPV 16 infections.
Mutation Research/Genetic Toxicology and Environmental Mutagenesis 557: 151-158, 2004.
doi:10.1016/j.mrgentox.2003.10.005.
Wang J, Yang T, Xu G, Liu H, Ren C, Xie W and Wang M: Cyclin-Dependent Kinase 2 Promotes Tumor Proliferation and Induces
Radio Resistance in Glioblastoma. Transl Oncol 9: 548-556, 2016. doi:10.1016/j.tranon.2016.08.007.
Guo Y, Pan W, Liu S, Shen Z, Xu Y and Hu L: ERK/MAPK signalling pathway and tumorigenesis (Review). Exp Ther Med, 2020.
doi:10.3892/etm.2020.8454.

Page 10/13



Figures

HCKT1 Hela
120
120
*
100 100
*x
g 80 E’ 80 *¥
z 2
=) 5 60
= =
] @
. 40 = **
e.\g a\’ 40
20
20
0
V] 5 10 50 100 200 0
) 0 5 10 50 100 200
Concentration (ng/mL) Concentration (ug/mL)
C CaSki

- -
= [
=3 =3

=3
=1

% Cell Viability
- =)
= =

[~
S

*¥
*%
*¥
0 I
0 5 10 50 100 200

Concentration (ug/mL)
Figure 1

The effect of whole fig latex on the growth of cervical cell lines. (A) HCKT1, (B) HeLa and (C) CaSki were treated with different
concentrations of whole fig latex (5 pg/ml, 10 pg/ml, 50 pg/ml, 100 pg/ml, 200 pg/ml) for 72h. SRB assay was used to determine
cell viability. Data points represent the mean + SD of three independent experiments. IC50 values were calculated by R software
using a sigmoidal curve fit based on nonlinear regression. Statistical significance was assessed by one-way ANOVA followed by
Tukey post-hoc test and represented as follows: *p< 0.05 and **p< 0.01 vs. whole fig latex 0 pg/ml in DMSO.
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Figure 2

The effect of fig latex on the cell cycle progression in human cervical cell lines. Different human cervical cancer cells, HeLa and
CaSki and normal healthy human cervical keratinocytes were incubated with 100 pg/ml of fig latex for 72h. Representative cell

cycle 501distribution of each cell type was analysed by flow cytometry.
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Figure 3

Complete upstream pathways that connect enriched transcription factors to kinases through known protein-protein interactions.
Red nodes represent top transcription factors predicted to regulate the expression of the input gene list; grey nodes represent
proteins that physically interact with the enriched transcription factors and connect them. Blue nodes represent the top predicted
protein kinases known to phosphorylate the proteins within the expanded subnetwork. Green network edges/links represent
kinase-substrate phosphorylation interactions between kinases and their substrates, while grey network edges represent physical
protein-protein interactions.
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