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Salivary apoptotic microvesicles
as biomarkers for prognostic non-
healing oral ulcers and oral cancer:
a cross-sectional study

Jian Zhao®?, Yu Dong®?, Shuya Shi®?, Hongqiang Yu®* & Luanjun Tan(2**

Microvesicles (MVs) are membrane vesicles secreted by cells and are present in the saliva of healthy
individuals. It has various functions and has been reported to be a biomarker for malignant tumors.
The changes in saliva levels of MVs associated with disease(s) is unclear. This study aimed to determine
the proportion of salivary apoptotic MVs and their association with oral ulcer(s) in patients with
non-healing oral ulcer(s) and reported oral cancer. Saliva (5 mL) was collected from patients with
non-healing oral ulcer(s) and reported oral cancer (at the time of saliva collection, the participant have
an oral ulcer(s) in the oral cavity and have an oral cancer lesion; n=73) and healthy volunteers with
oral ulcer(s) (n=62). A standard differential centrifugation protocol was used for the purification of
MVs. Dynamic light scattering and transmission electron microscopy were used to characterize MVs.
Flow cytometry was used to quantify salivary apoptotic MVs. Immunocytochemistry was performed
according to a standard protocol. None of patients with oral cancer has smoking and drinking habit.
The majority of saliva samples derived from patients with non-healing oral ulcer(s) and reported oral
cancer were more positive for the fluorescent dye carboxyfluorescein succinimidyl ester than those
of healthy volunteers with oral ulcer(s). Salivary fluid obtained from patients had membrane-limited
vesicles that were round and/or slightly elongated in shape, with diameters of 100-1,000 nm. The
number of salivary apoptotic MVs was higher in patients with non-healing oral ulcer(s) than in those
derived from healthy volunteers with oral ulcer(s) (p <0.001). There was an association between
salivary apoptotic MVs in patients with non-healing oral ulcer(s) and the degree or severity of oral
ulcers (p<0.001). Levels of salivary apoptotic MVs are elevated in patients with non-healing oral
ulcer(s) and confirmed oral cancer. Elevated levels of salivary apoptotic MVs are associated with
clinicopathological data of patients with oral cancer. Evidence level: IV. Technical efficacy: stage 3.

Keywords Head and neck cancer, Inmunocytochemistry, Microvesicles, Non-healing oral ulcer(s), Oral
carcinoma, Saliva, Zeta potential

Abbreviations

MVs Microvesicles

x>-test  Chi-square test

r Sperman rank constant
SD Standard deviation
FMO Fluorescence minus one

Oral squamous cell carcinoma is the most common head and neck oral cancer may be preceded by a non-healing
oral ulcer'. Non-healing oral ulcers can have a wide variety of diagnoses and are not necessarily indicative of
oral cancer. Prognosis of non-healing oral ulcer(s) is poor in oral squamous cell carcinoma?, with diminished
survival and higher local recurrence rates®. Therefore, a mechanism underlying the non-healing of oral ulcer(s)
is required especially for oral squamous cell carcinoma®. Additionally, note that not all non-healing oral ulcers
have a poor prognosis.
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Microvesicles (MVs) are 100-1,000 nm membrane vesicles secreted by cells®. MVs are present in the saliva
of healthy individuals®. It has various functions and has been reported to be a biomarker for malignant tumors’.
In oral cancer specifically on oral squamous cell carcinoma, elevated levels of salivary apoptotic MVs and their
association with pathological parameters have been reported®’. In addition to the elevated levels of blood
MVs, a high levels of MVs have been reported in the urine of patients with bladder cancer'?, ascites in patients
with ovarian carcinoma', and lung cancer patients in multiple fluids'2. Changes in the salivary levels of MV's
associated with disease(s) are unclear. Tumor cells may directly release MVs in the saliva?. MV released during
apoptosis have different pathophysiological functions?. Suppression of apoptosis is a key mechanism for cell
apoptosis in the development of cancer!® and the levels of apoptotic MV reflect the level of cell apoptosis and
the development of cancer!4"'°. The number of apoptotic MV is higher in the peripheral blood of patients
with lung cancer!”. The level of apoptotic salivary MV in the case of non-healing oral ulcer(s) has not yet been
revealed.

This study aimed to determine the proportion of salivary apoptotic MVs and their association with oral
ulcer(s) in patients with non-healing oral ulcer(s) and reported oral cancer.

Methods

Design, setting, period

A cross-sectional study conducted from September 1, 2017, to October 1, 2021 at the Affiliated Hospital of
JiangNan University, Wuxi, Jiangsu, China and the Shanghai East Hospital Affiliated to Tongji University,
Shanghai, China.

Inclusion criteria

Patients 18 years and above with non-healing oral ulcer(s) (at the time of saliva collection, the participant have
an oral ulcer in the oral cavity and have an oral cancer lesion) and reported oral cancer were included in the
study. Oral squamous cell carcinoma and all others type of oral cancers were included in this study (limited to
ameloblastoma malignant, oral squamous cell carcinoma, or melanoma). Healthy volunteers 18 years and above
with oral ulcer(s) (six months of history) were also included in the study. Both types of patients were taking
medications for non-healing oral ulcers as directed by physician. Healthy volunteers are free of oral and systemic
medication of oral cancer. They have already had to be biopsied to confirm the disease. The oral cancer cases
have been confirmed by histopathology.

Exclusion criteria

Patients with incomplete demographical and clinical data were excluded from the study. Pregnant women
were not included in the research. Patients with other systemic diseases (hepatitis, tuberculosis, etc.) were also
excluded from the study (because MV are seen in other systemic diseases).

Saliva collection

The patients were instructed to stop smoking, drinking, and eating for 1 h before sample collection. Saliva (5 mL)
was collected from patients with non-healing oral ulcer(s) and reported oral cancer, or healthy volunteers with
oral ulcer(s)?. The saliva was obtained from the salivary gland duct. The patients were receiving any treatments
for the cancer or oral ulcer prior to saliva collection. Saliva was collected in early morning before brushing. There
was collection of one sample from each subject. Xerostomia procedure was considered for collecting saliva from
oral cancer patients. Sampling method was purposive. Five investigators were involved in saliva collection and
they were blinded.

Purification of MVs
Salivary apoptotic MV's were purified from saliva of patients using a standard differential centrifugation protocol
(speed: 100,000 rpm; creating centrifugal speed forces: 800,000-1,000,000 g at 4 °C for 30 min)®!&1°,

Characterization and quantification of MVs

Dynamic light scattering and transmission electron microscopy were used to characterize the MVs. Flow
cytometry was used to quantify salivary apoptotic MVs®!8. The concentration of the MVs was calculated using
Eq. (1):

. . . Total number of events for the sample
Concentration of microvesicles =

Total number of events for Flow-count fluorospheres (1)
X Flow-count fluorospheres assayed concentration

Fluorescence minus one (FMO) control and isotype-, isoclonic, and negative controls were preferred to overcome
a high coincidence rate when measuring sub-micron particles by flow cytometry.

Immunocytochemistry

Salivary samples were mixed with 4% paraformaldehyde and embedded in paraffin. Immunocytochemistry
was performed according to a standard protocol?°-22. The saliva debris was analyzed in immunocytochemistry.
Vascular endothelial growth factor C was used as marker for immunocytochemical staining.
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Collection and testing of endothelial growth factor C

Venous blood was collected and Dynex™ DSX™ Automated ELISA system (Fisher Scientific, Waltham, MA,
USA) was used to evaluate endothelial growth factor C?3. Pathologist collected blood samples and the process
was blinded.

Statistical analysis

InStat 3.01 GraphPad, software Inc., (San Diego, CA, USA) was used for the statistical analysis. The study is
a primitive cross-sectional study. Therefore, the sample size was not calculated. The normality of continuous
variables was checked using Kolmogorov-Smirnov test. Unpaired Student’s ¢-test or Mann-Whitney test was
used for statistical analysis of normal continuous variables with homogeneous of variances or non-normal
continuous variables and the Fisher exact test or Chi-square test (y>-test, in the four-grid table, when the total
number of cases was n>40 and the theoretical frequency of all grids was greater than or equal to 5) was used
for statistical analysis of constant variables. Levenes test was performed for homogeneity of variances. The
Yate’s continuity correction was used when the any of the expected frequencies smaller than 10. Spearman’s
rank correlation test was performed for clinicopathological data and MV levels?. All results were considered
statistically significant at p <0.05.

Results

Study population

From September 1, 2017, to October 1, 2021, a total of 78 patients with non-healing oral ulcer(s) and oral cancer
and 65 healthy volunteers with oral ulcer(s) were available and provided saliva samples at the Affiliated Hospital
of JiangNan University, Wuxi, Jiangsu, China and the Shanghai East Hospital Affiliated to Tongji University,
Shanghai, China. Among them, the complete data of five patients with non-healing oral ulcer(s) and reported
oral cancer and the complete data of three healthy volunteers with oral ulcer(s) were not available. Therefore,
these data (eight samples) were excluded from analysis. A summary of this study is shown in Fig. 1.

Demographic and clinical conditions

None of patients with oral cancer has smoking and drinking habit. Healthy volunteers with oral ulcer(s) were
oral disease free and no systemic diseases. There were no significant differences in sex, age distribution, ethnicity,
and comorbidities among patients with non-healing oral ulcer(s), reported oral cancer, and healthy volunteers
with oral ulcer(s) (p>0.05 for all, Table 1).

Characterization of MVs

Salivary fluid obtained from the patients had membrane-limited vesicles that were round and/or slightly
elongated (Fig. 2) and 100-1,000 nm in diameter. There was no significant difference in the size of membrane-
limited vesicles among derived from patients with non-healing oral ulcer(s), reported oral cancer, and healthy
volunteers with oral ulcer(s) (Table 2).

There was no significant difference in the zeta potential of salivary fluid among derived from patients with
non-healing oral ulcer(s), reported oral cancer, and healthy volunteers with oral ulcer(s) (p =0.39, Fig. 3; Table 3,
unpaired Student’s t-test).

The majority of saliva samples derived from patients with non-healing oral ulcer(s) and reported oral cancer
were more positive for the fluorescent dye carboxyfluorescein succinimidyl ester than those derived from healthy
volunteers with oral ulcer(s).

Patients with
non-healing orall
ulcer(s) and
reported oral
cancer (N =73)

Healthy volunteers with
oral ulcer(s) (N = 62)
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Healthy volunteers with oral ulcer(s): 415(628-219.5) MVs events/uL
Non-healing oral ulcer(s) and reported oral cancer: 1,038.5(1,481-705) MVs events/uL.

Association between salivary apoptotic MVs in patients with non-healing oral ulcer(s) and degree or severity (events of apoptotic MVs) of oral ulcer(s; p<0.001)

Majority of saliva samples derived from patients with non-healing oral ulcer(s) and reported oral cancer were more positive for the fluorescent dye carboxyfluorescein
succinimidyl ester than those of healthy volunteers with oral ulcer(s).

Fig. 1. The summary chart of the study. MVs: Microvesicles.
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Numbers 73 62 p-value df | Test value | 95% CI
Male 38 (52) 32(52)
Gender 0.96 (Xz—test with Yates correction) | 1 0.003 0.736 to 1.376
Female 35 (48) 30 (48)
Age (years) 45 (33-55) | 44 (34-54) | 0.089 (Mann-Whitney test) N/A | 155.21 N/A
Han Chinese | 65 (89) 54 (87)
Ethnicity | Mongolian 7 (10) 7 (11) 0.941 (x*-test for Independence) 2 0.121 N/A
Tibetan 1(1) 1(2)
Diabetes 2(3) 2(3) 0.999 (Fisher’s exact test) N/A | 0.923 0.342 to 2.490
Cardiovascular disease 3(4) 2(3) 0.999 (Fisher’s exact test) N/A | 1.114 0.535 to 2.320

Table 1. Demographic and clinical conditions of enrolled patients. Variable were presented as median (Q3-
Q1) or frequencies (percentages). All results were considered significant if p-value less than 0.05. df: Degree
of freedom, N/A: Not applicable, CI: Confidence interval ((using the approximation of Katz.) for constant
variables). NO group: Non-healing oral ulcer(s) and reported oral cancer, HO: Healthy volunteers with oral
ulcer(s). Test value (x2-value for x2-test, Mann-Whitney value for Mann-Whitney test).

Fig. 2. Membrane-limited vesicles view. (A) Salivary apoptotic microvesicles derived from patients with non-
healing oral ulcer(s). (B) Microvesicles derived from healthy volunteers with oral ulcer(s). Red arrow indicates
microvesicles.

Quantification of MVs

The number of salivary apoptotic MV's was higher in saliva derived from patients with non-healing oral ulcer(s)

than in those derived from healthy volunteers with oral ulcer(s) (p <0.001, Mann-Whitney test, Fig. 4; Table 4).
Immunocytochemistry results were also in line with the results of flow cytometry (p <0.001, Fig. 5, Mann-

Whitney test) which shows the distribution of salivary apoptotic MV's and apoptotic events, mentions expression

level of vascular endothelial growth factor C as one parameter.

Association of severity of oral ulcer(s) and salivary apoptotic MVs
Spearman’s rank correlation test showed an association between salivary apoptotic MVs in patients with non-
healing oral ulcer(s) and degree or severity (events of apoptotic MVs) of oral ulcer(s) (p <0.001, r=0.9905, 95%
confidence interval: 0.9838 to 0.9944; Fig. 6; Table 5).

The results of assumption tests are presented in Table 6.

Discussion
In the current study, the levels of salivary apoptotic MV's derived from patients with non-healing oral ulcer(s)
were higher than those of salivary apoptotic MV derived from healthy volunteers with oral ulcer(s). In addition,
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Groups

NO HO Comparisons between groups
Numbers of patients 73 62 p-value
Minimum 100 nm 100 nm
Maximum 1,000 nm | 1,000 nm
Mean 54.53 nm | 55.61 nm
Median 260 nm | 251 nm

0.089 (Mann-Whitney test; Test value: 114.8)

Standard deviation 345nm | 35.2nm
Standard error of mean | 5.51 nm | 4.53 nm
First quartile 200 nm | 200 nm
Third quartile 350 nm | 350 nm

Table 2. Membrane-limited vesicles size (diameter) values of enrolled patients. NO group: Non-healing oral
ulcer(s) and reported oral cancer, HO: Healthy volunteers with oral ulcer(s).
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Non-healing oral ulcers and reported oral cancer (n = 73)
Healthy volunteers with oral ulcer(s) (n = 62)

Groups

Fig. 3. Schematic presentation of Zeta potential. The middle horizontal line in the box is represents median
value. Box represents quartile values. Upper whisker: maximum value, upper box line: third quartile value, x:
median value, lower box line: first quartile value, lower whisker: minimum value.

Groups
NO (mV) | HO (mV) | Comparisons between groups
Numbers 73 62 p-value Df | t-value | 95% CI
Minimum -37 -34
Maximum -24 -25
Mean -29.45 -29.89
Modian 9 = 0.39 (Unpaired Student’s t-test) | 133 | 0.863 | -1.433 to 0.563
Standard deviation | 3.03 2.78
Standard error 0.35 0.354

Table 3. Zeta potential values of micro vesicles of enrolled patients. NO group: Non-healing oral ulcer(s) and
reported oral cancer, HO: Healthy volunteers with oral ulcer(s), CI: Confidence interval of the difference, Df:
Degree of freedom.

there is an association between salivary apoptotic MV in patients with non-healing oral ulcer(s) and the degree
or severity (based on clinical parameters) of oral ulcer(s). The available literature reports that 100-1,000 nm-
sized MV are released by cells upon apoptosis or activation due to the development of malignant tumors!#425,
A previous ex-vitro study on association of tissue factor with blood coagulation® reported an association between
salivary apoptotic MVs and the severity of oral cancer; however, the detailed association between salivary
apoptotic MVs and the severity of oral cancer has not been revealed. The current study suggests salivary apoptotic
MV as biomarkers for patients with non-healing oral ulcer(s) for oral cancer. However, the mechanisms leading
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Fig. 4. Events values of microvesicles. Flow cytometry results. The middle horizontal line in the box is
represents median value. Box represents quartile values. Upper whisker: maximum value, upper box line: third
quartile value, x: median value, lower box line: first quartile value, lower whisker: minimum value.

Numbers 73 62 p-value Test value
Minimum 145 515

Maximum 892 1891

Mean 432.03 1099.35

Median 415 1038.5

Standard deviation | 224.83 415.08 <0001 (Mann-Whitney test) | 348.5
Standard error 26.31 52.715

First quartile 219.5 705

Third quartile 628 1491

Table 4. Quantification of micro vesicles of enrolled patients. NO group: Non-healing oral ulcer(s) and
reported oral cancer, HO: Healthy volunteers with oral ulcer(s).
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Fig. 5. Immunocytochemistry results. (A) Salivary apoptotic microvesicles of patients with non-healing oral
ulcer(s). (B) Microvesicles derived from healthy volunteers with oral ulcer(s). Toluidine blue was used as
staining dye.
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Apoptotic microvesicles (events/uL)

Expression level of vascular endothelial growth factor C

Fig. 6. The association between salivary apoptotic microvesicles of patients with non-healing oral ulcer(s)
and degree or severity of oral ulcer(s) (expression level of vascular endothelial growth factor C). Point far
from the right side (above 0.246 on the x-axis) was removed from the figure, because it occurred to be an
outlier (numbers of points used: 61). It only represents the distribution of vascular endothelial growth factor C
expression and apoptotic events.

Parameters Groups
Characters of patients | Expression level of vascular endothelial growth factor C (uL) | Apoptotic micro vesicles (events/uL) | Spearman’s rank correlation
Numbers 62 62 p-value
Minimum 0.01 515
Maximum 0.25 1891
Mean 0.0481 1099.35
<0.001 (Spearman’s rank correlation test)
Median 0.0415 1038.5
Standard deviation 0.0311 415.08
Standard error 0.004 52.715
Table 5. Association of severity of oral ulcer(s) and salivary apoptotic micro vesicles of enrolled patients.
Levene’s test (Assumption
test: Are the standard
Parameters Kolmogorov and Smirnov test results (to check normality) deviations equal? )
For continuous parameters
One column failed the normality test with P<0.05. Consider using a nonparametric test (i.e.,
Age (years) Mann-Whitney test) N/A
F=1.188. The P value is
0.2457. This test suggests
Zeta potential Both groups’ data passed normality test that the difference
between the two SDs is not
significant.
Events/uL One colump failed the normality test with P<0.05. Consider using a nonparametric test (i.e., N/A
Mann-Whitney test)
Outlier If a value has a high enough or low enough z score, it can be considered an outlier. N/A

For constant parameters

Analyze a contingency table

If in the four-grid table, when the total number of cases was n>40 and the theoretical frequency of all grids was greater
than or equal to 5 then y*-test otherwise Fisher exact test

X-test

The Yate’s continuity correction was used when the any of the expected frequencies smaller than 10.

Table 6. Results of assumption tests adopted in the study.

to elevated levels of salivary apoptotic MV in patients with non-healing ulcers and oral cancer is required to
explore. The biological pathways linking MV's to oral cancer progression is required to elaborate.

The study showed an association between salivary apoptotic MVs in patients with non-healing oral ulcer(s)
and the expression level of vascular endothelial growth factor C. The expression level of vascular endothelial
growth factor C is a major pro-lymphangiogenic growth factor that upregulates the density of lymphatic vessels
and promotes metastasis to the lymphatic node of tumor cells'®?. The results of the current study are in line
with those of previous studies>?”. Apoptotic MVs are functionally involved in lymph node metastasis®. Salivary
apoptotic MV are associated with lymph node metastasis.
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An unusual observation noted was that none of the patients with oral cancer had smoking and drinking
(alcohol drinking) habits, which is concerning given the established correlation between these habits and oral
cancer in much of the existing literature. This anomaly may indicate the presence of selection bias and can
potentially affect the external validity of the findings. This was so because clinicians instructed to the patients to
stop smoking and drinking. The changes that this may have affected the saliva concentration. Moreover, smoking
has a high influence on oral mucosa conditions, especially in relation to apoptosis®®. Thus, to stop these factors
that may affect the findings.

In the study the patients with the non-healing ulcer(s) were included in the healthy group. However, a group
of people without ulcer(s) should be added as the healthy group. The possible justification for the same is that if
we used a group of people without ulcer(s) in the healthy group then it would be not clear whether the cancer or
the ulcer(s) induced the increase in apoptotic MVs.

The study is based on a particular pathological data. The study identified a clear difference in the number
of MVs between patients suffering from non-healing oral ulcer(s) and oral cancer. However, in this study, the
possible mechanism underlying the increase in the association between salivary apoptotic MVs in patients with
non-healing oral ulcer(s) and the expression level of vascular endothelial growth factor C was not evaluated (it
does not analyze biological mechanisms). There is also a lack of depth in understanding the possible mechanisms
behind the observed increase in salivary apoptotic MVs, creating a knowledge gap. The samples were from a
small group of patients, limiting the results’ generalizability. Geographic parts of the oral cavity are not defined
for non-healing oral ulcer(s). The study does not specify which geographic regions of the oral cavity were
affected by non-healing ulcer(s), introducing potential variability in results. Additionally, the selection of the
control group, consisting of healthy volunteers with oral ulcer(s), raises questions. They might not be the ideal
comparator for patients with non-healing ulcer(s) and diagnosed oral cancer. Lastly, the duration of the study,
spanning from September 2017 to October 2021, could introduce confounders, given the possible evolution in
diagnostic and therapeutic methodologies over the period. Besides oral squamous cell carcinoma all others type
of oral cancers were included in this study. Different types may vary in their proportions, which could affect the
outcomes.

Conclusions

Levels of salivary apoptotic microvesicles are elevated in patients with non-healing oral ulcer(s) and confirmed
oral cancer. Elevated levels of salivary apoptotic microvesicles are associated with clinicopathological data of
patients with oral cancer. The study suggested salivary apoptotic microvesicles as biomarkers for patients with
non-healing oral ulcer(s) due to oral cancer. In addition, more investigation about the clinical outcomes must be
conducted to consider the microvesicles as a biomarker in future. To support such a claim, it would be essential
to have a stronger evidence base, ideally provided by larger, multi-center studies that can more comprehensively
and robustly examine the association. The idea of the study is important but if the oral cancer patients could be
evaluated pathologically and staged and their MV's findings could be correlated the results will be so valuable and
it will aid more and more in cancer biologic research in the future. The study sufficiently discussed the clinical
significance of this biomarker and how it compares to existing diagnostic methods. In addition, a comparative
analysis would enhance review of current biomarkers.

Data availability
The datasets used and analyzed during the current study are available from the corresponding author upon
reasonable request.
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