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Candida albicans promotes malignant progression of oral leukoplakia: a preliminary study based on clinical
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[Abstract] Objective To explore the correlation between Candida albicans and the development of oral leukopla-
kia (OLK), and to provide a basis for improving the pathogenic mechanism of the malignant transformation of OLK.
Methods Oral microbiome data were obtained from public databases (NCBI BioProject, PRJNA788378; GEO,

GSE227919), and bioinformatic methods were employed to evaluate the correlation between Candida albicans infection
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and OLK. Approval was obtained from the institutional Medical Ethics Committee. A tissue microarray was constructed
using samples collected from an OLK clinical cohort. Hematoxylin and eosin (H&E) staining and periodic acid-Schiff
(PAS) staining were performed to analyze the relationship between the Candida albicans detection rate and clinicopatho-
logical features. Approval was obtained from the institutional Animal Ethics Committee. A mouse model was established
by combining 4-nitroquinoline-1-oxide (4NQO) in drinking water with oral inoculation of Candida albicans (4ANQO +
Candida albicans group), while mice treated with 4NQO in drinking water and PBS served as the control group (4NQO
+ PBS group). The degree of epithelial dysplasia was compared between the two groups to assess the impact of Candida
albicans infection on lesion progression (defined in this study as the progression from mild/moderate epithelial dysplasia
to severe dysplasia/carcinoma in situ or invasive squamous cell carcinoma). Results Bioinformatic analysis revealed
that the detection rate of Candida albicans in OPMDs and OLK tissues was significantly higher than that in the healthy
control group. Staining results of clinical samples demonstrated that Candida albicans colonized OLK lesions; compared
with Candida albicans-negative patients, positive patients exhibited a state of high-grade progression. Animal experi-
ments indicated that, compared with the 4NQO + PBS group, the degree of oral epithelial dysplasia in the 4NQO + Can-
dida albicans group was significantly exacerbated, and the malignant transformation rate was higher, suggesting that
Candida albicans promotes the high-grade progression of OLK. Conclusion Candida albicans exhibits a increasing
trend during the malignant progression of the OLK. It aggravates the degree of epithelial dysplasia in OLK and pro-
motes its transformation into high-grade lesions, suggesting that Candida albicans plays a crucial promoting role in the
high-grade progression of OLK.

[Key words] Candida albicans; oral microbiome; oral leukoplakia; oral potentially malignant disorders; epi-
thelial dysplasia; oral squamous cell carcinoma; bioinformatics analysis; clinical cohort study; animal model
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Publicly available microbiome data were analyzed to calculate the effect size of Candida albicans abundance across healthy control (HC, n=30),

oral potentially malignant disorders (OPMDs, n=32), and oral squamous cell carcinoma (OSCC, n=29) samples. The results were visualized across

three sample types: buccal mucosa, dental plaque, and saliva. The effect size (A) was calculated using the following formula: A= mean abundance

of experimental group(OPMDs or OSCC) — mean abundance of healthy control group (HC or the preceding disease stage). Meanwhile, a forest plot

comparing Candida albicans abundance among HC, OLK, and OSCC samples was further generated to verify the consistency of this abundance

trend within OPMDs subtypes, with OLK serving as a representative entity. OLK: oral leukoplakia; Note: the x-axis represents the difference in

abundance. Scatter points located to the right of the vertical zero line indicate a positive effect, suggesting that the abundance of Candida albicans

is significantly increased in the comparison group; conversely, points located to the left indicate decreased abundance
Figure 1  Forest plot of Candida albicans abundance in HC, OPMDs (OLK), and OSCC groups
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Table 1  Clinical and pathological characteristics of patients with oral leukoplakia and pathological detection rate of Candida albicans

n=41
Hems Groups Cases detected for Candida . »
albicans (%)
Gender Male (n=28) 6(21.4) 0.420 0.517
Female (n=13) 4(30.8)
Agelyeras <40 (n=7) 1(14.3) 0.563 0.755
41-60 (n=24) 6(25.0)
>60 (n=10) 3(30.0)
Lesion site Buccal mucosa (n=13) 3(23.1) 1.976 0.853
Palate (n=6) 2(33.3)
Dorsal tongue (n=9) 1(11.1)
Ventral tongue (n=38) 2(25.0)
Gingiva (n=2) 1(50.0)
Lip (n=3) 1(33.3)
Histopathological diagnosis Mild epithelial dysplasia (n=11) 2(18.2) 4.123 0.532
Mild-moderate epithelial dysplasia (n=10) 1(10.0)
Moderate-severe epithelial dysplasia (n=7) 3(42.9)
Severe epithelial dysplasia/carcinoma in situ (n=5) 1(20.0)
Squamous cell carcinoma (n=4) 2(50.0)
Others (erythroleukoplakia, verrucous leukoplakia, n=4) 1(25.0)
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a:representative periodic acid-Schiff (PAS)-stained images of clinical tissues from healthy control (HC) and oral leukoplakia (OLK) patients. Peri-

odic acid-Schiff-positive Candida albicans appear magenta(indicated by red arrows), with some cases showing hyphal invasive growth. Enlarged in-

sets highlight fungal colonization at the epithelial surface and within the lamina propria. b: statistical comparison of Candida albicans detection

rates, showing a significantly higher positive rate in the OLK group (n=41) than in the HC group (n=16). c: quantitative analysis of epithelial dys-

plasia scores showed that the Candida-positive group had significantly higher dysplasia scores than the Candida-negative group (P<0.05, n=8)

Figure 2 PAS staining analysis of tissues from the oral leukoplakia clinical cohort
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a: schematic diagram of the experimental design. Mice were treated with 4-nitroquinoline-1-oxide (4NQO) in drinking water for 16 weeks, followed
by normal water feeding and oral brushing with Candida albicans suspension. Tongue tissues were collected at week 23 for histological analysis. b:
gross appearance of tongue tissues. The 4NQO+Candida group exhibited noticeably larger whitish plaque-like lesions compared to the PBS+Can-
dida group, suggesting that Candida infection accelerates OLK progression (red arrows). c: representative H&E-stained images of tongue mucosa
from the 4NQO+PBS (n=10) and 4NQO+Candida groups (n=10). The 4NQO+PBS group received 4NQO-containing drinking water to induce OLK
and was administered PBS oral swabbing as a control, whereas the 4NQO+Candida group received Candida albicans suspension via oral swabbing
on the basis of 4NQO-induced OLK. The 4NQO+Candida group showed irregular epithelial thickening and focal keratosis compared to the PBS
group. d: quantitative analysis of epithelial dysplasia scores, assessed in 6 randomly selected mice per group. The 4NQO+Candida group showed
significantly higher dysplasia scores than the 4NQO+PBS group (P<0.05, n=6)
Figure 3 Construction of a 4NQO combined Candida albicans infection mouse model of oral leukoplakia
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