. Dental Research Journal

Detection of Candida albicans in oral squamous cell carcinoma
by fluorescence staining technique

Gholamreza Jahanshahi', Samaneh Shirani?

Torabinejad Dental Research Center and Department of Oral and Maxillofacial Pathology, School of Dentistry, Isfahan University of Medical
Sciences, Isfahan, *Department of Oral Pathology, Islamic Azad University of Khorasgun, Isfahan, Iran

Received: May 2013
Accepted: January 2014

Address for correspondence:

Dr. Gholamreza Jahanshahi,
Torabinejad Dental Research
Center and Department

of Oral and Maxillofacial
Pathology, School of
Dentistry, Isfahan University
of Medical Sciences,
Isfahan, Iran.

E-mail: Jahanshahi@
dnt.mui.ac.ir

ABSTRACT

Background: One of the probable etiologic risk factors of oral squamous cell carcinoma (OSCC)
is Candidal infection, especially by Candida albicans, whose role has not definitely been confirmed.
Some have assigned a primary role to Candida, whereas others consider it as a transient inhabitant.
The debate may be due to lack of an accurate and sensitive revealing technique. By identifying the
presence of Candida, especially in deeper parts of OSCC, the etiologic role may be verified. The
present study was conducted to detect the presence of Candida in OSCC by fluorescence staining
technique.

Materials and Methods: This study was descriptive experimental. Calcofluor-white, which
is applied in fluorescence staining, is a specific staining substance for Candida and has a higher
accuracy compared with other common methods. 100 specimens of well-differentiated OSCC
with adequate amount of tissue were retrieved from the archive and two serial sections were
obtained from each one.The first section was stained using the popular histochemical (periodic
acid-Schiff [PAS]) method and then evaluated under a light microscope to detect the presence of
Candida.The second section was stained using fluorescence staining technique.The sum of counted
Candida in each technique was fed into SPSS software and analyzed by McNamara test. P < 0.001
was considered as significant.

Results: The amount of Candida present in OSCCs was 74% measured by fluorescence technique.
The sensitivity and specificity of the two staining techniques were significantly different. These
parameters in the fluorescence technique were higher than those of the histochemical (PAS)
method, confirmed by McNamara test showing significantly different results for them (P < 0.001).
The results obtained from the fluorescence technique had higher accuracy compared with the
histochemical (PAS) method.

Conclusion: Some researchers couldn’t find a considerable number of fungi in OSCC, while
our results revealed more presence of Candida, especially in deeper parts of tissue samples and
probably a more important role for Candida as an etiologic risk factor for OSCC. However, since
the fluorescence technique had a higher accuracy in the identification of Candida and it was nearly
evident in two-third of the samples, the role of fungi as a primary cause is suggested to be studied
in future investigations.
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INTRODUCTION

Access this article online

Squamous cell carcinoma of the oral cavity (oral
squamous cell carcinoma [OSCC]) accounts for 5% of
all cancers in men and 2% of all cancers in women.!'¥
Candida is among the etiologic risk factors of OSCC,
which is part of normal oral flora.”! The weakening
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of the immune system changes the normal flora and
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Candidiasis infection may occur.l® Candida albicans
is the most causal agent in oral fungal infections.!”! It
can reproduce in two forms:

1. Hypha and

2. yeast.

Yeast is relatively harmless, but hypha usually attacks

the host tissues.”) Consequently, the contaminated

epithelial cells begin to change morphologically® due

to the:

a. Adhesive factors of Candida,”'"

b. Extracellular lipid lytic activities of Candida®!"
and

c. The proteolytic activities of these micro-
organisms.[!213]
These morphological changes may lead to

carcinogenic evolvement and the subsequent OSCC.['¥
Some have assigned a primary role to Candida, while
others consider it as a transient inhabitant. The debate
might be due to lack of an accurate and sensitive
revealing technique.’! By identifying the presence of
Candida in deeper parts of OSCC, its etiologic role
might be confirmed. The present study was conducted
to evaluate the presence of Candida in OSCC using
the fluorescence staining and to compare it with
histochemical (periodic acid-Schiff [PAS]) staining.”

Evidently, the presence of C. albicans should be
confirmed prior to evaluating any mechanism. A
number of detecting techniques have been used to
identify C. albicans in oral tissues:"

PAS.

Potassium hydroxide.

Immunohistochemistry (IHC).

Fluorescence.

Polymerase chain reaction (PCR).

Molecular and genetic techniques.™

SN E L=

Among these techniques, PAS has been used for
many years as the most common technique to
identify fungi. It stains the carbohydrates in the
cell walls of fungi and produces a light red color.
5151 However, in fluorescence technique (calcofluor-
white), the fungi can be seen in apple green by
fluorescent light. The dye contains B1-3 and P1-4
polysaccharides, which can bind to cellulose and
chitin, present in the cell walls of the fungi.' It is a
fast and accurate method to recognize the fungi and
microorganisms with cellulose walls. It has a higher
accuracy for C. albicans due to its specific cell wall
characteristics.['”]

MATERIALS AND METHODS

In this descriptive in vitro study, we evaluated the
presence of C. albicans in OSCC. A total of 100
samples were obtained from the patient specimens
available in Department of Oral Pathology, Faculty
of Dentistry and in Department of Pathology, Kashani
Hospital, Isfahan University of Medical Sciences. The
selection criteria included adequate tissue amount and
well-differentiated OSCC. Any sample which did not
fulfill these criteria was excluded. Retrieved paraffin
blocks were sectioned (3 um thick) by microtome
(Slee-Germany). Two serial sections were obtained
from each block, so that the tissue depth error, while
comparing the two methods, would be minimized.
Afterwards, the PAS method (Merck-Germany) was
applied and staining of salivary acinus basement
membrane and epithelial basement membrane was
considered as an internal control. A urine sample
containing adequate amounts of Candida, shining
under a fluorescence microscope, was used as
positive control for the fluorescence technique. First,
the histochemical method (PAS) was performed and
the samples were observed under a light microscope
(Olympus-Japan BX 41, magnification %x400). The
fluorescence technique (Calcofluor-white) (Sigma-
USA) was also applied on each sample and evaluated
using a fluorescence microscope with ultraviolet light
(Olympus-Japan BX40, 290-340 nm). Each sample
was coded (from 1 to 100) and the results of the
presence of C. albicans, using both techniques, were
recorded by a pathologist who was not aware of the
results of the previous staining techniques. Data were
analyzed by SPSS 10 software (SPSS Inc., Chicago,
IL, USA) using McNamara test (P < 0.001).

RESULTS

In this study, we applied fluorescence staining
technique as a gold standard. The presence of
C. albicans in OSCC was 74% according to this
technique. One hundred samples were stained,
of which 26 turned out as negative. In the PAS
technique, however, of the 100 samples stained, 33
turned out as positive and 67 as negative. 25 out of
the 74 positive samples, observed in the fluorescence
method, were also positive using the PAS method,
which means 33.8% sensitivity for the PAS method
in terms of identification of C. albicans. From the 26
negative samples observed in the fluorescence method,
18 were also negative using the PAS method, which is
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indicative of 69.2% specificity for PAS in identification
of C. albicans. The positive predictive value (PPV)
for the PAS method was 75.8% and the negative
predictive value (NPV) was 26.9%. On the whole,
the PAS method showed low sensitivity and NPV
in identifying C. albicans. Moreover, it did not have
high specificity or a considerable PPV. The findings of
McNamara analysis indicated a statistically significant
difference between the two methods (P < 0.001). All
of the data are presented in Table 1.

DISCUSSION

Candida can harm the epithelium in two ways:

1. By producing lytic enzymes (aspartic protease).
These enzymes are produced by hypha, which
digest the epithelial cells and interfere with the
immune cells.!'!

2. By inducing endocytosis in epithelial cells and
forming pseudo pods around the fungi.'® Both the
yeast and hypha can induce endocytosis and kill
the epithelial cells, although hypha is more prone
to induce the process.!®!

E-cadherin is one of the major adhesive proteins in
epithelial cells. C. albicans has a similar protein in
its cell wall named agglutinin-like sequence 3.1"! This
protein can bind to oral epithelial cells and form a
pseudopod adhesion complex leading to malfunction
of E-cadherin and consequently decreasing cellular
adhesion and facilitating cell mobility!**?!] and finally
invading the connective tissue. In addition, the cell
wall of this organism can block laminins, fibronectin
and collagen types 4 and 1 and change the structure of
extracellular matrix proteins, which, in turn, affects the
epithelial cell mobility and provides the signals needed
to induce cancer and metastasis.['>!”! In contrast, some
researchers believe that C. albicans has a secondary
role and in patients with OSCC, as a result of
weakening the immune system, the fungi are able to
rapidly multiply and grow more colonies, especially
in superficial epithelium.??! This is believed to occur

Table 1: FLO-PAS cross tabulation

Technique PAS Total
Positive Negative

FLO

Positive 25 49 74

Negative 8 18 26

Total 33 67 100

FLO: Fluorescence; PAS: Periodic acid-Schiff

at the time of diagnosis or secondary to treatment of
patients.”?”) However, as mentioned previously, there
are scientists who claim that C. albicans has a primary
role in the occurrence of OSCC.

Based on this assumption, the presence of C. albicans
in the deeper epithelial layers is given more attention
for investigation than its presence in the superficial
layers.!*!

In the present study, because the time of biopsy,
which was done as an incision before or after the
surgery of the patients, was not clear, the primary or
secondary role of C. albicans could not be determined
at all times.

In this study, another considerable problem was
uncertainty about positive or negative staining.
Obviously, C. albicans has morphological properties
that make it appear as rod-shaped bacteria in pink to
reddish color.*

Considering the morphology of bacteria and the
way they are stained (using the PAS method in this
case), there are other types of species and even
substances with similar characteristics that make
the process more challenging. For example, when
collagen fibers bind to form short subgroups, they
form a netlike appearance which makes them similar
to the mycelium of Candida and consequently very
difficult to differentiate the two from each other.
Moreover, in the epithelium itself, the existing
keratinized fibers have high similarity to the mycelia
of Candida. Therefore, the PAS technique is not a
very reliable procedure to study and determine the
presence or absence of fungi, because it involves
many false positive and false negative results. This
study investigated 100 cases of OSCC, of which 67
indicated negative results using the PAS technique
[Figure 1]. This was because no fungi were observed
from the top layer of the epithelium to the deeper
layers and even in the connective stroma. There
were 33 positive cases, although the positive results
[Figure 2], determined through this technique, were
questionable as mentioned above. Although we were
confident about what we observed at the superficial
epithelial layers in few cases, we excluded them from
the study as our study was intended to investigate
the deeper layers. On the other hand, we used the
immediate section of the specimen for the fluorescence
technique. However, we found 74 positive [Figure 3]
and 26 negative cases [Figure 4] and detection of
fungi was done very easily and quickly. In this study,
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Figure 1: Positive (periodic acid-Schiff technique) magnification
x400

Figure 3: Positive (fluorescence technique) magnification x400

some cases were positive in the PAS technique, but
negative in the fluorescence technique.

In the fluorescence procedure, C. albicans
appeared apple green in the black background of
the microscopic field®! and hence the florescence
technique was very easy and more accurate to
identify the C. albicans in OSCC. The PAS
technique confirmed only 25 out of the 74 positive
cases of the fluorescence technique as positive.
Therefore, the sensitivity of this method in the
identification of fungi was 33.8%. Furthermore,
out of the 26 negative cases in the fluorescence
technique, 18 turned out as negative in PAS
method. Thus, the specificity of this technique to
identify the Candida was 69.2%.

On the whole, the accuracy and negative results
of the PAS technique were less than those of
the fluorescence staining technique. These two

Figure 2: Negative (periodic acid-Schiff technique) magnification
x400

Figure 4: Negative (fluorescence technique) magnification
x400

methods had a major difference, so that one could
confidently argue that the results of the PAS and
fluorescence techniques were significantly different
(P <0.001).

Another limitation in this study was that the samples
were not totally serially sectioned. This was mostly
because it was not known which samples were
obtained from the initial biopsy and which ones from
the surgical removal of tumor.

O’Grady and Reade!®! have reported high amounts
of Candida in OSCC, which is similar to the results
obtained in the present study. However, they used a
different method which was based on the evaluation
of the patients’ response to anti-fungal treatment.
Lipperheide et al.** reported that the amount of
Candida presence was 82% in leukoplakia, 37% in
lichen plan and 33.33% in all the samples, indicating

Dental Research Journal / March 2015 / Vol 12 / Issue 2-




Jahanshahi and Shirani: Candida albicans, oral squamous cell carcinoma, and fluorescence staining

REFERENCES

they were prone to malignancy. Malic et al.,’"! using
laser microscope, found that the amount of Candida
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Regarding the results of this study and considerable
amounts of Candida found in OSCC, future studies
are suggested to focus on the primary or secondary
role of Candida in OSCC. Furthermore, it should be
noted that the high cost of fluorescence technique
may be a limiting factor.

Finally, studies with a larger research population are
recommended to be conducted to shed more light on
this area of research, taking advantage of sensitive
methods like PCR.

CONCLUSION

Since the fluorescence technique did not have the
limitations of the histochemical method (PAS) and
had a higher accuracy in identifying Candida, our
results revealed more presence and probably a
more important role for Candida as an etiologic
risk factor for OSCC. Thus, future studies are
recommended to analyze the role of fungi as a
primary cause.
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