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Abstract  Original Research Article 
 

More than 90% of malignancies being squamous cell carcinoma originates from the oral mucosa and oral cancer is one 

of the most prevelant cancer worldwide. Candida species are common members of the oral microflora and are generally 

being regarded as commensals. However, they are able to cause a range of opportunistic infections and suggest a link 

between the presence of candida albicans in the oral cavity and development of Oral squamous cell carcinoma (OSCC). 

Candida species has been fundamentally linked to Cancereous processes as that takes advantage of the 

iumunosuppressed state of patients, particularly after Chemotherapy. However, this review will focus on the growing 

strength of the evidence that the Candida albicans is capable of promoting Cancer by several mechanisms: production 

of carcinogenic by products, triggering of Inflammation, induction of Th17 response, molecular mimicry that may be 

able to favour the Cancer development and dissemination. We underline the need not only to control this type of infection 

during Cancer treatment but also to find new therapeutic approaches to avoid the pro-tumour effect of this fungal species. 

Keywords: Candida Albicans, Oral Squamous Cell Carcinoma (OSCC). 
Copyright © 2023 The Author(s): This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International 

License (CC BY-NC 4.0) which permits unrestricted use, distribution, and reproduction in any medium for non-commercial use provided the original 
author and source are credited. 

 

INTRODUCTION  
Oral squamous cell carcinoma (OSCC) or Oral 

cancer is one of the most common malignancy seen 

throughout the world. C. albicans is a normal commensal 

of the human body [1], and therefore does not induce 

damage. But being an opportunistic one, it is capable of 

becoming pathogenic when the host defenses are 

weakened, causing an array of infections ranging from 

mucosal to systemic. There are evidence of role of this 

oral fungus in oral and esophageal carcinoma [2, 3]. In 

that Candida albicans is the most common pathogenic 

fungus [4]. There are many studies, who support this 

pathogenic microorganisms on the incidence rates of 

cancers worldwide [5]. However, the underlying 

mechanisms linking Candida colonization/infection with 

oral squamous cell carcinoma remains contentious [6]. 

Candida’s ability to produce direct carcinogens such as 

nitrosamine [3], other mechanisms such as the induction 

of chronic inflammatory cytokines and metabolism of 

ethanol to the carcinogenic acetaldehyde can be involved 

in Candida-related oral carcinogenesis. Chronic 

exposure to microorganisms and/or their products, such 

as endotoxins (lipopolysaccharides) and enzymes (e.g. 

proteases, collagenases,fibrinolysin, phospholipase), 

which are toxic to the host cells may indirectly induce 

mutations or change the signalling pathways that will 

influence the cell proliferation and/or survival of 

epithelial cells [7, 8]. Candidas ability to form the 

biofilm and hydrolytic enzyme production are the 

essential virulence factors that enable this fungus to 

survive many challenging oral conditions and to adhere 

or invade the underlying host tissues [9, 10]. Oral 

candidiasis, (thrush) is one of the most common 

infections of the oral cavity characterized by fungal 

overgrowth, infiltration of superficial tissues involving 

the tongue and other oral mucosal sites. Chronic 

hyperplastic candidiasis (candidal leukoplakia) has been 

associated with the risk of malignant transformation to 

oral cancer [11, 12]. Hence, the chronic 

mucosal/epithelial colonization by Candida with 

enhanced virulence properties may have a role in oral 

carcinogenesis of host’s skin, mouth, and gastrointestinal 

tract. So this suggest that the decrease in the host 

immunity enhances the risk of Candida infection. But 

still the association between fungal microbiota 

imbalance and carcinogenesis remains largely unknown, 

due to relatively low abundance of fungi and the lack of 

well-defined reference genome [13, 14]. Hence, in this 

article, we aim to review that Is C. albicans can induce 

and promote oral cancer progression.As this will 

eventually help us in diagnosing at the early stages and 

then form a treatment plan by considering the possible 

microbial properties in the process of carcinogenesis. In 

past many mechanisms of potential interactions between 

this fungal pathogen and oral carcinogenesis has been 
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described [15]. Which support the correlation between 

Candida infection and development of oral epithelial 

dysplasia [16], showing a series of histopathological 

changes that will affect the epithelial lining of the oral 

mucosae displaying increased risk of progression to oral 

squamous cell carcinoma (OSCC) or oral cancer [12]. 

Many prior researches have been done directly or 

indirectly linked to Candida and Oral cancer thus we also 

tried to find out that the candidiasis may not just be 

randomly coexisting with oral cancer, but can have the 

pathogenetic relationship in a dominant scenario, 

including the possibility that C. albicans may initiate or 

facilitate the development of oral cancer. Further, we 

describe the main proposed mechanisms by which this 

yeast species may induce cancer and highlight the need 

for further future mechanistic studies in oral 

carcinogenesis models to establish C. albicans as an 

opportunistic one, as it is found in one third of mouth of 

healthy patients with mean carriage rate of 18% and 41% 

in patients. 

 

Virulence factor (table -1) 

 
 

Table 1 

VIRULENCE FACTOR  EFFECT  

Adherence  Promote retention in the mouth.  

Expression of cell surface adhesion molecule  Facilitates specific adherence mechanism  

Evasion of host defenses  Promotes retention in the mouth  

Hyphal development  Reduces likelihood of phagocytosis  

Secreted Aspartyl proteinase production  Secretory IgA destrucion, host cell and extracellular matrix damage  

Phosholipase production  Damage to host cells.  

 

MATERIALS AND METHOD 
Comprehensive reviews of the available 

previous literature relevant to Candida albicans and Oral 

cancer were undertaken. References for this review were 

identified through searches of PubMed with the search 

terms Candida albicans and Oral cancer up to august 

2023. Only full length articles in English language were 

selected. Final references list was generated on the basis 

of originality and relevance while writing this review 

article. 

 

DISCUSSION 
The role of Candida albicans in the process of 

carcinogenesis tends to be complex, such as the role of 

virulence factors, the host genome, influence on the 

immune response, and oral dysbiosis, as noted in a 

review conducted by Di Cosola et al., 2021 [17]. 

However, several studies have been conducted but no 

direct study of Candida albicans with OSCC or OPMD 

[18-23]. In general, there are many virulence factors of 

Candida albicans, mainly phenotype (Candida 

frequencies, hyphae, sphere, colonies, biofilm 

formation), genotype (Candida albicans alcohol 

dehydrogenase 1 (CaADH1) mRNA gene, genotypic 

diversity of Candida albicans strains, CSH), and 

metabolic production (acetaldehyde product, lipase, 

proteinase product, phospholipase, and esterase activity, 

NMBA production) [24–31]. Candida albicans damages 

epithelial mucosal cells and invades the host. As we 

know Epithelial mucosal cells are the first line of defense 

for the host protection against the invasion of these 

pathogenic microorganisms. Adhesion of this oral 

fungus C. albicans to epithelial cells is the first step of 

fungal colonization and invasion. Subsequently, it 

invades epithelial cells by inducing endocytosis and 

active infiltration, which is a main step in the 

pathogenesis of Candida .albicans [32- 34]. Invasive 

enzymes of C. Albicans will destroy the integrity of 

mucosal tissue structure and enhance its virulence. 

Hemolytic factors help them obtain nutrients for its 

survival and reproduction; phenotypic transformation 

can help C. albicans adapt to the host tissue environment; 

adhesin can assist in its colonization and invasion of host 
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cells [35- 38]. Once this fungus C. albicans invades the 

epithelial mucosal cells, it may induce apoptosis and 

necrosis, destroying the host epithelial defense barrier, 

and finally leading to the structural changes of epithelial 

cells [39, 40]. These are the preconditions for the cancer 

promoting C. albicans infection in which Epithelial cells 

are damaged and the normal structure is changed, which 

results in abnormal proliferation and the formation of 

oral cancer [41]. There is a significant positive 

correlation between C. albicans infection and oral 

mucosal epithelial dysplasia, and hence the deterioration 

of epithelial dysplasia induced by C. albicans infection 

occurs [42]. Multiple studies have showed that C. 

albicans could induce epithelial dysplasia and further 

malignant tumor formation [43, 44]. Candida albicans 

produces carcinogenic substances such as nitrosamine 

[6], and acetaldehyde [45]. Which plays a critical role in 

promoting cancer development. A study showed that C. 

albicans had higher nitrosation production potential than 

other fungi, and could convert N-benzyl methylamine 

(BMA) present in vegetables, herring oil, freeze-dried 

coffee and nitrite produced by other microorganisms in 

the host’s mouth into N- nitroso benzyl methylamine 

(NBMA), thus inducing the occurrence and development 

of OSCC [46]. Candida promotes 4NQO-induced oral 

carcinogenesis. However, the mechanism of direct 

carcinogenesis is still controversial. It may also be due to 

the fact that the integrity of oral mucosal cell barrier, 

smoking and other risk factors enhance the virulence of 

C. albicans and jointly promote oral carcinogenesis [47]. 

Presence of Candida hyphae correlates with severity of 

dysplastic epithelial changes. A study has been 

conducted comparing the ability of Candida isolated 

from oral cancer patients and matched with oral healthy 

subjects to produce acetaldehyde. The results showed 

that Candida strains producing a large amount of 

acetaldehyde were more in patients with oral cancer than 

in healthy volunteers, further indicating the possible role 

of Candida in enhancing the occurrence of oral cancer 

[30]. C. Albicans may secrete alcohol dehydrogenase, 

which converts ethanol into acetaldehyde and 

participates in the carcinogenic process [48]. 

Acetaldehyde can induce DNA adducts to interfere with 

DNA replication, resulting in point mutation and 

chromosome aberration. At the same time, it will affect 

the enzymes involved in cytosine methylation and DNA 

repair, leading to protooncogene activation and cell cycle 

disorder, which may lead to tumor progression. In 

addition, acetaldehyde can also leads to mitochondrial 

damage and promote apoptosis, which can be activated 

by NF-kB to offset. For example, in GC, NF-kB induced 

IL-6 upregulates the antiapoptotic gene MCL1 to inhibit 

the DNA repair and process of apoptosis [49, 50]. The 

combination of acetaldehyde and glutathione indirectly 

increases the production of reactive oxygen species 

(ROS), thus inducing DNA damage, which is conducive 

to the progress of cancer [51- 53]. But, the correlation 

between the acetaldehyde concentration produced by C. 

albicans and the severity of cancer tissue is unknown, 

and hence,the mechanism to promote cancer 

development is still unclear. Candida albicans induces 

tumor microenvironment. Stromal cells are composed of 

fibroblasts, vascular cells and inflammatory immune 

cells, which together constitute the TME. Both chronic 

disease induced inflammation and tumor induced 

inflammation have a great impact on the composition of 

TME (tumour micro environment), especially on the 

plasticity of tumor and stromal cells. Inflammatory 

substances released by immune cells in TME can directly 

affect the precancerous cells and cancer cells by 

increasing cell proliferation and their resistance to cell 

death and stress, so as to directly promote tumor 

progression [54]. Therefore, chronic inflammatory 

response plays an major role in the occurrence and 

development of cancer. Persistent Candida epithelial 

mucosal colonization and infection can also cause a 

chronic inflammatory state. C. albicans recognizes Toll 

like receptors (TLRs) and C-type lectin-like receptors 

(CLRs), and then activates the corresponding MAPK and 

NF-kB. This Interferon and inflammatory signaling 

pathway promotes the expression of a variety of related 

inflammatory genes and play a role in the connection 

between benign and malignant diseases. Virulence factor 

“candidalysin” activates molecular pathways that have 

been implicated in carcinogenesis (MAPK pathway and 

activation of immune responses) in an EGFR-related 

manner [55]. Studies have shown that the expression of 

inflammatory factors prostaglandin E2 (PGE2) and 

MMPs (mainly MMP-9) are increased after C. albicans 

infection in oral epithelial cells [56, 57]. Also 

prostaglandins, cyclooxygenase (COX) enzymes and 

MMPs can inhibit tumor suppressor genes through DNA 

methylation and post-translational modification, leading 

to the occurrence and development of cancer [58]. Few 

Studies have shown that PGE2 are overexpressed in a 

variety of cancer types, including breast cancer [36- 59], 

and CRC [60]. However, C. albicans can induce human 

peripheral blood mononuclear cells (PBMC) to produce 

PGE2 [61]. PGE2 promotes the process of tumorigenesis 

by producing ROS, stimulating carcinogenic 

transcription factors thus inhibiting antitumor immune 

response [62], and enhancing angiogenesis [63]. 

Hyperactivation of type 1 immune responses leads to 

epithelial destruction and subsequent Candidal 

superinfection which is seen in APECED syndrome, a 

disease which correlates with uncommon OSCC 

development [64]. PGE2 inhibits the cytotoxic function 

of NK cells and prevents them from producing IFN-g, 

and hence promotes the malignant growth by avoiding 

type I interferon and T cell-mediated cell death. PGE2 

promotes the inhibitory activity of Tregs, and hence 

contributes to the maturation of Tregs, thereby inhibiting 

antitumor immunity [57]. In addition to this PGE2 also 

increases MDSCs, and inhibits innate and adaptive 

antitumor immunity by downregulating cytokines of 

macrophages, inhibiting cytotoxicity of NK cells, 

blocking the activation of cytotoxic T cells, and hence 

regulating the development of Tregs. PGE2 facilitates 

bone marrow mesenchymal stem cells migration into the 

tumor environment, enabling the malignant cells to 
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proliferate without interference from the host immune 

system [57]. PGE2 binds to PGE receptor (EP1) and 

activates protein kinase d (protein kinase Cd, PKCd)/c-

Src/AP- 1signaling pathway, upregulates intercellular 

adhesion molecule1 (ICAM-1), and promotes the 

metastasis of cancer cells [65]. However, the exact 

mechanism by which PGE2 produced by C. albicans in 

the process of chronic inflammation promoting the 

cancer development is not clear. Prior studies have 

shown that MMP-9 is highly expressed in cancer tissues 

such as oral cancer [66], GC [67], CRC [68], breast 

cancer [69], and cervical cancer [70], and has been used 

as a potential marker of cancers [71]. Some studies have 

shown that the high expression of MMP-9 leads to the 

enhancement of tumor invasion, which maybe because 

of the effect on the transforming growth factor (TGF-b1) 

induced epithelial mesenchymal transition (EMT) 

process, which promotes the invasion and metastasis of 

cancer [72]. At the same time, MMP-9 can degrade type 

IV collagen of basement membrane, destroying the 

integrity of basement membrane, and contribute to the 

invasion and metastasis of tumor cells [73]. MMP-9 

degrades ECM components and activates angiogenic 

factor VEGF and TGF-b helping in cancer angiogenesis. 

Cleavage of osteopontin (OPN) also contributes to 

cancer metastasis [74]. These results suggest that MMP-

9 has a role in cancer promoting mechanism. However, a 

study showed that epithelial origin MMP-9 exerts tumor 

inhibitory effect by activating MMP9-Notch1-ARF-p53 

axis, resulting in increased apoptosis, and starts cell cycle 

arrest by activating p21WAF1/Cip1, and checks the 

damaged DNA until DNA repair. In addition to this in 

colitis associated CRC, MMP-9 can prevent gH2AX 

reduced levels of genotoxicity playing a tumor 

suppressive role [75]. Another study found that the 

expression of MMP-9 was related to the decrease of ROS 

level, the decrease of DNA damage and the upregulation 

of mismatch repair pathway. This suggests that the 

expression of MMP-9 is a natural biological way to 

inhibit CRC by limiting ROS accumulation and colonic 

DNA damage. Therefore, inhibition of MMP-9 may be 

harmful to patients with CRC [76]. Results indicate that 

MMP-9 has a protective host effect in CRC. Hence, 

MMP-9 has both cancer promoting and inhibiting cancer 

effects. But, it is not clear that whether MMP- 9 produced 

by host with C. albicans infection plays a role in 

promoting or inhibiting cancer formation or not and also 

whether it is related to the site of C. albicans infection or 

the type of tumor formation. These need to be further 

studied. Candida albicans infection induces both host 

innate and adaptive immune responses, and the core of 

protection is often from adaptive Th1 and Th17 cell 

immune response, which is also considered to be the 

primary factor in the successful immune defense against 

C. albicans infection [77]. However, Th17 cells are 

found in various types of human tumors. Th17 cells and 

their effector molecules (such as IL-17 and IL-22) can 

regulate oncogene activated cancer cells themselves and 

adjacent normal epithelial cells, fibroblasts, endothelial 

cells, and other stromal cells [78]. Recent studies have 

found that IL-17 could promote tumor growth through 

IL-6-Stat3 signaling pathway [72], and also release IFN-

g and other cytokines through stimulating T cells, 

dendritic cells, NK cells and other immune cells, thus 

inhibiting tumor growth [79, 80]. In addition to its direct 

effect on tumor, IL-17 can also reshape the TME by 

recruiting neutrophils and macrophages and promoting 

tumor occurrence, development, and metastasis [81, 82]. 

IL-17 driven antitumor immunity is attributed to its 

ability to recruit dendritic cells [83]. That can be related 

to various tumor types or TME. Studies have found that 

C. albicans can induce the increase of glycolysis of 

macrophages through HIF-1 pathway and promote the 

secretion and release of IL-17 by macrophages. 

Increased IL-17 can effectively promote the expression 

of STAT3 and AHR transcription factors in intestinal 

innate lymphocyte 3 (ILC3), which in turn leads to the 

increase of IL-22 and hence promotes the proliferation of 

intestinal epithelial cells and the progress of CRC [84]. 

Candida induces increased migration, expression of 

matrixmetalloproteinases, activation of epithelial to 

mesenchymal transition, and expression of genes 

implicated in metastatic processes by OSCC cells. The 

tumor promoting roles of Candida in a 4NQO model 

were also highlighted [85]. However still the exact 

mechanism of the immune response induced by C. 

albicans infection remains unclear. 

 

CONCLUSION 
C. Albicans is a normal commensal within the 

oral cavity and simply presence itself does not relate to 

the etiology of cancers. But various adverse factors can 

cause compromised host immunity, leading to C. 

albicans infection. C. Albicans infection increases the 

risk of cancer development and exacerbates cancer 

progression. The progression of cancer further 

aggravates C. albicans infection. Therefore, it seems that 

C. albicans infection may be accompanied by cancer 

development, and the two promote each other, which in 

turn aggravates the process of malignancy. Herein we 

have described range of mechanism by which C. 

Albicans may be able to favor cancer development and 

dissemination. By knowing the molecule and mechanism 

involved, more specific drugs can be developed and 

designed for the novel specific treatment against these 

molecule. Hence could inhibit the dissemination of this 

fungus and its pro tumor effect. 

 

BIBLIOGRAPHY 
1. Arzmi, M. H., Dashper, S., & McCullough, M. 

(2019). Polymicrobial interactions of Candida 

albicans and its role in oral carcinogenesis. Journal 

of Oral Pathology & Medicine, 48(7), 546-551. 

2. Field, E. A., Field, J. K., & Martin, M. V. (1989). 

Does Candida have a role in oral epithelial 

neoplasia?. Journal of Medical and Veterinary 

Mycology, 27(5), 277-294. 

3. Hooper, S. J., Wilson, M. J., & Crean, S. J. (2009). 

Exploring the link between microorganisms and oral 

cancer: a systematic review of the literature. Head & 



 

    

Kavita Gupta et al., Sch J Dent Sci, Sep, 2023; 10(9): 211-218 

© 2023 Scholars Journal of Dental Sciences | Published by SAS Publishers, India                                                                                          215 

 

 

Neck: Journal for the Sciences and Specialties of the 

Head and Neck, 31(9), 1228-1239. 

4. Mba, I. E., & Nweze, E. I. (2020). Mechanism of 

Candida pathogenesis: revisiting the vital 

drivers. European Journal of Clinical Microbiology 

& Infectious Diseases, 39, 1797-1819. 

5. Schottenfeld, D., & Beebe-Dimmer, J. (2015). The 

cancer burden attributable to biologic agents. Annals 

of Epidemiology, 25(3), 183-187. 

6. Mohd Bakri, M., Mohd Hussaini, H., Rachel 

Holmes, A., David Cannon, R., & Mary Rich, A. 

(2010). Revisiting the association between candidal 

infection and carcinoma, particularly oral squamous 

cell carcinoma. Journal of oral microbiology, 2(1), 

5780. 

7. Lax, A. J. (2005). Bacterial toxins and cancer—a 

case to answer?. Nature Reviews 

Microbiology, 3(4), 343-349. 

8. Kurago, Z. B., Lam-ubol, A., Stetsenko, A., De La 

Mater, C., Chen, Y., & Dawson, D. V. (2008). 

Lipopolysaccharide-squamous cell carcinoma-

monocyte interactions induce cancer-supporting 

factors leading to rapid STAT3 activation. Head and 

neck pathology, 2, 1-12. 

9. Calderone, R. A., & Fonzi, W. A. (2001). Virulence 

factors of Candida albicans. Trends in 

microbiology, 9(7), 327-335. 

10. Ramage, G., Rajendran, R., Sherry, L., & Williams, 

C. (2012). Fungal biofilm resistance. International 

journal of microbiology. 

11. Vila, T., Sultan, A. S., Montelongo-Jauregui, D., & 

Jabra-Rizk, M. A. (2020). Oral candidiasis: a disease 

of opportunity. Journal of Fungi, 6(1), 15. 

12. El-Naggar, A. K., Chan, J. K., Grandis, J. R., Takata, 

T., & Slootweg, P. J. (Eds).(2017). WHO 

classification of head and neck tumours. 

International Agency for Research on Cancer. 

13. Klimesova, K., Jiraskova Zakostelska, Z., & 

Tlaskalova-Hogenova, H. (2018). Oral bacterial and 

fungal microbiome impacts colorectal 

carcinogenesis. Frontiers in microbiology, 9, 774. 

14. Coker, O. O., Nakatsu, G., Dai, R. Z., Wu, W. K. K., 

Wong, S. H., Ng, S. C., ... & Yu, J. (2019). Enteric 

fungal microbiota dysbiosis and ecological 

alterations in colorectal cancer. Gut, 68(4), 654-662. 

15. Di Cosola, M., Cazzolla, A. P., Charitos, I. A., 

Ballini, A., Inchingolo, F., & Santacroce, L. (2021). 

Candida albicans and oral carcinogenesis. A brief 

review. Journal of Fungi, 7(6), 476. 

16. McCullough, M., Jaber, M., Barrett, A. W., Bain, L., 

Speight, P. M., & Porter, S. R. (2002). Oral yeast 

carriage correlates with presence of oral epithelial 

dysplasia. Oral oncology, 38(4), 391-393. 

17. Di Cosola, M., Cazzolla, A. P., Charitos, I. A., 

Ballini, A., Inchingolo, F., & Santacroce, L. (2021). 

Candida albicans and oral carcinogenesis. A brief 

review. Journal of Fungi, 7(6), 476. 

18. Ruiz-Herrera, J., Victoria Elorza, M., Valentín, E., 

& Sentandreu, R. (2006). Molecular organization of 

the cell wall of Candida albicans and its relation to 

pathogenicity. FEMS yeast research, 6(1), 14-29. 

19. Mishra, P., Bolard, J., & Prasad, R. (1992). 

Emerging role of lipids of Candida albicans, a 

pathogenic dimorphic yeast. Biochimica et 

Biophysica Acta (BBA)-Lipids and Lipid 

Metabolism, 1127(1), 1-14. 

20. Forche, A., Alby, K., Schaefer, D., Johnson, A. D., 

Berman, J., & Bennett, R. J. (2008). The parasexual 

cycle in Candida albicans provides an alternative 

pathway to meiosis for the formation of recombinant 

strains. PLoS biology, 6(5), e110. 

21. Zhang, N., Upritchard, J. E., Holland, B. R., Fenton, 

L. E., Ferguson, M. M., Cannon, R. D., & Schmid, 

J. (2009). Distribution of mutations distinguishing 

the most prevalent disease-causing Candida albicans 

genotype from other genotypes. Infection, Genetics 

and Evolution, 9(4), 493-500. 

22. Wheeler, M. L., Limon, J. J., & Underhill, D. M. 

(2017). Immunity to commensal fungi: detente and 

disease. Annual Review of Pathology: Mechanisms 

of Disease, 12, 359-385. 

23. Wang, Y., & Jönsson, F. (2019). Expression, role, 

and regulation of neutrophil Fcγ receptors. Frontiers 

in immunology, 10, 1958. 

24. Tamgadge, S., Tamgadge, A., Pillai, A., Acharya, 

S., & Kamat, N. (2017). Association of Candida sp. 

with the degrees of dysplasia and oral cancer: a 

study by calcofluor white under fluorescent 

microscopy. Iranian journal of pathology, 12(4), 

348. 

25. Hafed, L., Farag, H., El-Rouby, D., Shaker, O., & 

Shabaan, H. A. (2019). Candida Albicans Alcohol 

Dehydrogenase 1 gene in oral dysplasia and oral 

squamous cell carcinoma. Polish Journal of 

Pathology, 70(3), 210-216. 

26. Alnuaimi, A. D., Wiesenfeld, D., O’Brien-Simpson, 

N. M., Reynolds, E. C., & McCullough, M. J. 

(2015). Oral Candida colonization in oral cancer 

patients and its relationship with traditional risk 

factors of oral cancer: a matched case-control 

study. Oral oncology, 51(2), 139-145. 

27. del Valle Castillo, G., de Blanc, S. L., Sotomayor, 

C. E., & Azcurra, A. I. (2018). Study of virulence 

factor of Candida species in oral lesions and its 

association with potentially malignant and 

malignant lesions. Archives of Oral Biology, 91, 35-

41. 

28. Gainza‐Cirauqui, M. L., Nieminen, M. T., Novak 

Frazer, L., Aguirre‐Urizar, J. M., Moragues, M. D., 

& Rautemaa, R. (2013). Production of carcinogenic 

acetaldehyde by Candida albicans from patients 

with potentially malignant oral mucosal 

disorders. Journal of Oral Pathology & 

Medicine, 42(3), 243-249. 

29. Nawaz, A., Mäkinen, A., Pärnänen, P., & Meurman, 

J. H. (2018). Proteolytic activity of non-albicans 

Candida and Candida albicans in oral cancer 

patients. New Microbiol, 41(4), 296-301. 



 

    

Kavita Gupta et al., Sch J Dent Sci, Sep, 2023; 10(9): 211-218 

© 2023 Scholars Journal of Dental Sciences | Published by SAS Publishers, India                                                                                          216 

 

 

30. Alnuaimi, A. D., Ramdzan, A. N., Wiesenfeld, D., 

O'Brien‐Simpson, N. M., Kolev, S. D., Reynolds, E. 

C., & McCullough, M. J. (2016). Candida virulence 

and ethanol‐derived acetaldehyde production in oral 

cancer and non‐cancer subjects. Oral 

diseases, 22(8), 805-814. 

31. Gall, F., Colella, G., Di Onofrio, V., Rossiello, R., 

Angelillo, I. F., & Liguori, G. (2013). Candida spp. 

in oral cancer and oral precancerous lesions. New 

Microbiol, 36(3), 283-8. 

32. Maza, P. K., Bonfim-Melo, A., Padovan, A. C., 

Mortara, R. A., Orikaza, C. M., Ramos, L. M. D., ... 

& Bahia, D. (2017). Candida albicans: the ability to 

invade epithelial cells and survive under oxidative 

stress is unlinked to hyphal length. Frontiers in 

microbiology, 8, 1235. 

33. Allert, S., Förster, T. M., Svensson, C. M., 

Richardson, J. P., Pawlik, T., Hebecker, B., ... & 

Hube, B. (2018). Candida albicans-induced 

epithelial damage mediates translocation through 

intestinal barriers. MBio, 9(3), 10-1128. 

34. Lipke, P. N. (2018). What we do not know about 

fungal cell adhesion molecules. Journal of 

Fungi, 4(2), 59. 

35. Zhu, W., & Filler, S. G. (2010). Interactions of 

Candida albicans with epithelial cells. Cellular 

microbiology, 12(3), 273-282. 

36. Tao, L., Du, H., Guan, G., Dai, Y., Nobile, C. J., 

Liang, W., ... & Huang, G. (2014). Discovery of a 

“white-gray-opaque” tristable phenotypic switching 

system in Candida albicans: roles of non-genetic 

diversity in host adaptation. PLoS biology, 12(4), 

e1001830. 

37. Furlaneto, M. C., Favero, D., França, E. J. G., & 

Furlaneto-Maia, L. (2015). Effects of human blood 

red cells on the haemolytic capability of clinical 

isolates of Candida tropicalis. Journal of 

Biomedical Science, 22(1), 1-8. 

38. Noble, S. M., Gianetti, B. A., & Witchley, J. N. 

(2017). Candida albicans cell-type switching and 

functional plasticity in the mammalian host. Nature 

Reviews Microbiology, 15(2), 96-108. 

39. Richardson, J. P., Ho, J., & Naglik, J. R. (2018). 

Candida–epithelial interactions. Journal of 

fungi, 4(1), 22. 

40. Mogavero, S., & Hube, B. (2021). Candida albicans 

interaction with oral epithelial cells: adhesion, 

invasion, and damage assays. Host-Fungal 

Interactions: Methods and Protocols, 133-143. 

41. Engku Nasrullah Satiman, E. A. F., Ahmad, H., 

Ramzi, A. B., Abdul Wahab, R., Kaderi, M. A., Wan 

Harun, W. H. A., ... & Arzmi, M. H. (2020). The role 

of Candida albicans candidalysin ECE1 gene in oral 

carcinogenesis. Journal of Oral Pathology & 

Medicine, 49(9), 835-841. 

42. Barrett, A. W., Kingsmill, V. J., & Speight, P. M. 

(1998). The frequency of fungal infection in 

biopsies of oral mucosal lesions. Oral 

diseases, 4(1), 26-31. 

43. Barrett, A. W., Kingsmill, V. J., & Speight, P. M. 

(1998). The frequency of fungal infection in 

biopsies of oral mucosal lesions. Oral 

diseases, 4(1), 26-31. 

44. Dwivedi, P. P., Mallya, S., & Dongari-Bagtzoglou, 

A. (2009). A novel immunocompetent murine 

model for Candida albicans-promoted oral epithelial 

dysplasia. Medical mycology, 47(2), 157-167. 

45. Stornetta, A., Guidolin, V., & Balbo, S. (2018). 

Alcohol-derived acetaldehyde exposure in the oral 

cavity. Cancers, 10(1), 20. 

46. Krogh, P. (1990). The role of yeasts in oral cancer 

by means of endogenous nitrosation. Acta 

Odontologica Scandinavica, 48(1), 85-88. 

47. Ye, P., Chen, W., Huang, F., Liu, Q., Zhu, Y. N., 

Wang, X., ... & Wang, W. M. (2021). Smoking 

increases oral mucosa susceptibility to Candida 

albicans infection via the Nrf2 pathway: In vitro and 

animal studies. Journal of Cellular and Molecular 

Medicine, 25(16), 7948-7960. 

48. Stornetta, A., Guidolin, V., & Balbo, S. (2018). 

Alcohol-derived acetaldehyde exposure in the oral 

cavity. Cancers, 10(1), 20. 

49. Lin, M. T., Juan, C. Y., Chang, K. J., Chen, W. J., & 

Kuo, M. L. (2001). IL-6 inhibits apoptosis and 

retains oxidative DNA lesions in human gastric 

cancer AGS cells through up-regulation of anti-

apoptotic gene mcl-1. Carcinogenesis, 22(12), 

1947-1953. 

50. Wang, H., Guo, M., Wei, H., & Chen, Y. (2021). 

Targeting MCL-1 in cancer: current status and 

perspectives. Journal of hematology & 

oncology, 14(1), 1-18. 

51. Ramirez-Garcia, A., Rementeria, A., Aguirre-

Urizar, J. M., Moragues, M. D., Antoran, A., Pellon, 

A., ... & Hernando, F. L. (2016). Candida albicans 

and cancer: Can this yeast induce cancer 

development or progression?. Critical reviews in 

microbiology, 42(2), 181-193. 

52. Mizumoto, A., Ohashi, S., Hirohashi, K., Amanuma, 

Y., Matsuda, T., & Muto, M. (2017). Molecular 

mechanisms of acetaldehyde-mediated 

carcinogenesis in squamous 

epithelium. International journal of molecular 

sciences, 18(9), 1943. 

53. Johnson, C. H., Golla, J. P., Dioletis, E., Singh, S., 

Ishii, M., Charkoftaki, G., ... & Vasiliou, V. (2021). 

Molecular mechanisms of alcohol-induced 

colorectal carcinogenesis. Cancers, 13(17), 4404. 

54. Greten, F. R., & Grivennikov, S. I. (2019). 

Inflammation and cancer: triggers, mechanisms, and 

consequences. Immunity, 51(1), 27-41. 

55. Ho, J., Yang, X., Nikou, S. A., Kichik, N., Donkin, 

A., Ponde, N. O., ... & Naglik, J. R. (2019). 

Candidalysin activates innate epithelial immune 

responses via epidermal growth factor 

receptor. Nature communications, 10(1), 2297. 

56. Claveau, I., Mostefaoui, Y., & Rouabhia, M. (2004). 

Basement membrane protein and matrix 

metalloproteinase deregulation in engineered human 



 

    

Kavita Gupta et al., Sch J Dent Sci, Sep, 2023; 10(9): 211-218 

© 2023 Scholars Journal of Dental Sciences | Published by SAS Publishers, India                                                                                          217 

 

 

oral mucosa following infection with Candida 

albicans. Matrix Biology, 23(7), 477-486. 

57. Nasry, W. H. S., Rodriguez-Lecompte, J. C., & 

Martin, C. K. (2018). Role of COX-2/PGE2 

mediated inflammation in oral squamous cell 

carcinoma. Cancers, 10(10), 348. 

58. Munn, L. L. (2017). Cancer and 

inflammation. Wiley Interdisciplinary Reviews: 

Systems Biology and Medicine, 9(2), e1370. 

59. Nandi, P., Girish, G. V., Majumder, M., Xin, X., 

Tutunea-Fatan, E., & Lala, P. K. (2017). PGE2 

promotes breast cancer-associated 

lymphangiogenesis by activation of EP4 receptor on 

lymphatic endothelial cells. BMC cancer, 17(1), 1-

17. 

60. Karpisheh, V., Nikkhoo, A., Hojjat-Farsangi, M., 

Namdar, A., Azizi, G., Ghalamfarsa, G., ... & Jadidi-

Niaragh, F. (2019). Prostaglandin E2 as a potent 

therapeutic target for treatment of colon 

cancer. Prostaglandins & other lipid 

mediators, 144, 106338. 

61. Smeekens, S. P., van de Veerdonk, F. L., van der 

Meer, J. W., Kullberg, B. J., Joosten, L. A., & Netea, 

M. G. (2010). The Candida Th17 response is 

dependent on mannan-and β-glucan-induced 

prostaglandin E2. International 

immunology, 22(11), 889-895. 

62. Liu, B., Qu, L., & Yan, S. (2015). Cyclooxygenase-

2 promotes tumor growth and suppresses tumor 

immunity. Cancer cell international, 15(1), 1-6. 

63. Mizuno, R., Kawada, K., & Sakai, Y. (2019). 

Prostaglandin E2/EP signaling in the tumor 

microenvironment of colorectal 

cancer. International journal of molecular 

sciences, 20(24), 6254. 

64. Break, T. J., Oikonomou, V., Dutzan, N., Desai, J. 

V., Swidergall, M., Freiwald, T., ... & Lionakis, M. 

S. (2021). Aberrant type 1 immunity drives 

susceptibility to mucosal fungal 

infections. Science, 371(6526), eaay5731. 

65. Yang, S. F., Chen, M. K., Hsieh, Y. S., Chung, T. 

T., Hsieh, Y. H., Lin, C. W., ... & Tang, C. H. 

(2010). Prostaglandin E2/EP1 signaling pathway 

enhances intercellular adhesion molecule 1 (ICAM-

1) expression and cell motility in oral cancer 

cells. Journal of Biological Chemistry, 285(39), 

29808-29816. 

66. Xie, H., Ma, Y., Li, J., Chen, H., Xie, Y., Chen, M., 

... & Gu, L. (2020). WNT7A promotes EGF-induced 

migration of oral squamous cell carcinoma cells by 

activating β-catenin/MMP9-mediated 

signaling. Frontiers in Pharmacology, 11, 98. 

67. Dong, Z., Guo, S., Wang, Y., Zhang, J., Luo, H., 

Zheng, G., ... & Zhao, Y. (2020). USP19 enhances 

MMP2/MMP9-mediated tumorigenesis in gastric 

cancer. OncoTargets and therapy, 8495-8510. 

68. Xueguang, G. U. O., Gang, L. I. U., Xiaoping, X. I. 

E., Jing, L. I., Zehui, H. O. U., Yanhong, G. U., & 

Lijiang, Y. U. (2020). Expressions of CD23, IL-17 

and MMP-9 in Patients with Colorectal 

Cancer. Iranian Journal of Public Health, 49(2), 

257. 

69. Nazir, S. U., Kumar, R., Singh, A., Khan, A., 

Tanwar, P., Tripathi, R., ... & Hussain, S. (2019). 

Breast cancer invasion and progression by MMP-9 

through Ets-1 transcription factor. Gene, 711, 

143952. 

70. Azevedo Martins, J. M., Rabelo-Santos, S. H., do 

Amaral Westin, M. C., & Zeferino, L. C. (2020). 

Tumoral and stromal expression of MMP-2, MMP-

9, MMP-14, TIMP-1, TIMP-2, and VEGF-A in 

cervical cancer patient survival: a competing risk 

analysis. Bmc Cancer, 20(1), 1-11. 

71. Huang, H. (2018). Matrix metalloproteinase-9 

(MMP-9) as a cancer biomarker and MMP-9 

biosensors: recent advances. Sensors, 18(10), 3249. 

72. Li, Y., He, J., Wang, F., Wang, X., Yang, F., Zhao, 

C., ... & Li, T. (2020). Role of MMP-9 in epithelial-

mesenchymal transition of thyroid cancer. World 

journal of surgical oncology, 18(1), 1-9. 

73. Koontongkaew, S. (2013). The tumor 

microenvironment contribution to development, 

growth, invasion and metastasis of head and neck 

squamous cell carcinomas. Journal of Cancer, 4(1), 

66. 

74. Quintero-Fabián, S., Arreola, R., Becerril-

Villanueva, E., Torres-Romero, J. C., Arana-

Argáez, V., Lara-Riegos, J., ... & Alvarez-Sánchez, 

M. E. (2019). Role of matrix metalloproteinases in 

angiogenesis and cancer. Frontiers in oncology, 9, 

1370. 

75. Walter, L., Pujada, A., Bhatnagar, N., Bialkowska, 

A. B., Yang, V. W., Laroui, H., & Garg, P. (2017). 

Epithelial derived-matrix metalloproteinase 

(MMP9) exhibits a novel defensive role of tumor 

suppressor in colitis associated cancer by activating 

MMP9-Notch1-ARF-p53 axis. Oncotarget, 8(1), 

364. 

76. Walter, L., Canup, B., Pujada, A., Bui, T. A., Arbasi, 

B., Laroui, H., ... & Garg, P. (2020). Matrix 

metalloproteinase 9 (MMP9) limits reactive oxygen 

species (ROS) accumulation and DNA damage in 

colitis-associated cancer. Cell death & 

disease, 11(9), 767. 

77. Chen, K., & Kolls, J. K. (2017). Interluekin-17a 

(il17a). Gene, 614, 8-14. 

78. Chang, S. H. (2019). T helper 17 (Th17) cells and 

interleukin-17 (IL-17) in cancer. Archives of 

pharmacal research, 42(7), 549-559. 

79. Kryczek, I., Wei, S., Szeliga, W., Vatan, L., & Zou, 

W. (2009). Endogenous IL-17 contributes to 

reduced tumor growth and metastasis. Blood, The 

Journal of the American Society of 

Hematology, 114(2), 357-359. 

80. Martin-Orozco, N., Muranski, P., Chung, Y., Yang, 

X. O., Yamazaki, T., Lu, S., ... & Dong, C. (2009). 

T helper 17 cells promote cytotoxic T cell activation 

in tumor immunity. Immunity, 31(5), 787-798. 

81. Rei, M., Gonçalves-Sousa, N., Lança, T., 

Thompson, R. G., Mensurado, S., Balkwill, F. R., ... 



 

    

Kavita Gupta et al., Sch J Dent Sci, Sep, 2023; 10(9): 211-218 

© 2023 Scholars Journal of Dental Sciences | Published by SAS Publishers, India                                                                                          218 

 

 

& Silva-Santos, B. (2014). Murine CD27 (−) Vγ6 

(+) γδ T cells producing IL-17A promote ovarian 

cancer growth via mobilization of protumor small 

peritoneal macrophages. Proceedings of the 

National Academy of Sciences, 111(34), E3562-

E3570. 

82. Liang, W., & Ferrara, N. (2016). The complex role 

of neutrophils in tumor angiogenesis and 

metastasis. Cancer immunology research, 4(2), 83-

91. 

83. You, R., DeMayo, F. J., Liu, J., Cho, S. N., Burt, B. 

M., Creighton, C. J., ... & Kheradmand, F. (2018). 

IL17A regulates tumor latency and metastasis in 

lung adeno and squamous SQ. 2b and AD. 1 

cancer. Cancer immunology research, 6(6), 645-

657. 

84. Zhu, Y., Shi, T., Lu, X., Xu, Z., Qu, J., Zhang, Z., ... 

& Wang, T. (2021). Fungal‐induced glycolysis in 

macrophages promotes colon cancer by enhancing 

innate lymphoid cell secretion of IL‐22. The EMBO 

Journal, 40(11), e105320. 

85. Vadovics, M., Ho, J., Igaz, N., Alföldi, R., Rakk, D., 

Veres, É., ... & Gácser, A. (2022). Candida albicans 

enhances the progression of oral squamous cell 

carcinoma in vitro and in vivo. MBio, 13(1), 

e03144-21. 

 


