
Abstract. Background: The epipharynx, with its high
expression of Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2) entry factors angiotensin-
converting enzyme 2 (ACE2) and transmembrane protease,
serine 2 (TMPRSS2), is a primary target for SARS-CoV-2
replication in the early stage of Coronavirus Disease 19
(COVID-19). Epipharyngeal abrasive therapy (EAT) is a
treatment for epipharyngitis in Japan which involves
applying zinc chloride to the epipharyngeal mucosa. In this
study, we evaluated the expression patterns of ACE2 and
TMPRSS2 in tissue samples from patients before and after
EAT. Patients and Methods: The study subjects were seven
patients that had not been treated with EAT and 11 patients
that had. For immunohistochemical assessment of the
epipharyngeal mucosa, the staining intensity of ACE2 and
TMPRSS2 was described as an immunohistochemical score
(IHC score). Results: The IHC scores for ACE2 and
TEMPRSS2 in the EAT-treated group were 3.40-fold and
1.81-fold lower, respectively, than those in the non-treated
group (p=0.0208 and p=0.0244, respectively). Conclusion:
EAT down-regulates the expression of SARS-CoV-2 entry

factors ACE2 and TMPRSS2. Thus, EAT has potential as a
novel COVID-19 preventative method.

The epipharynx comprises ciliated epithelium and lymphoid
tissue helped to prevent bacterial and viral infection;
however, a recent study showed that severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), which causes
COVID-19 disease, employs ciliary angiotensin-converting
enzyme 2 (ACE2) and transmembrane protease, serine 2
(TMPRSS2) to enter and replicate within the epipharyngeal
epithelium (1).

Epipharyngeal abrasive therapy (EAT) utilizes zinc
chloride (ZnCl2) for its astringent, denaturing, and anti-
inflammatory properties in the treatment of chronic
epipharyngitis and related immune symptoms (2, 3). In
addition, EAT is considered to be effective in preventing
epipharyngitis caused by infectious pathogens, including
viruses (4).

In this study, to examine whether EAT has potential as a
method to prevent COVID-19, we evaluated the mRNA and
protein expression patterns of SARS-CoV-2 entry factors
ACE2 and TMPRSS2 in tissue samples from patients before
and after EAT. 

Patients and Methods
Patients and tissue samples. Patient information was obtained with
permission from the Ethics Committee of Fukuoka Dental College
(ID: 552). Samples were obtained by endoscopic epipharyngeal
biopsy between July 2021 and August 2021. The subjects of this
study were seven patients with chronic epipharyngitis that had not
been treated with EAT (mean age=53.3±18.3 years) and 11 patients
that had been treated with EAT for chronic epipharyngitis for 1
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month or more (mean age=64.4±11.9 years). All participants
provided informed written consent. The research was conducted in
accordance with the Declaration of Helsinki and Title 45, US Code
of Federal Regulations, Part 46, Protection of Human Subjects,
effective as of December 13, 2001.

EAT. Zinc chloride (1%) was applied to the epipharyngeal mucosa
of patients in the Outpatient Department one to three times a week
by a Board-certified otorhinolaryngologist using a cotton swab
(Figure 1A and B), as described previously (2, 3).

Antibodies. Primary rabbit antibody to ACE2 (HPA000288) was
purchased from Sigma-Aldrich (St. Louis, MO, USA) and rabbit
antibody to TMPRSS2 (#14437-1-AP) was purchased from
PROTEINTECH (Rosemont, IL, USA) The secondary horseradish
peroxidase (HRP)-conjugated polymer anti-rabbit antibody was
purchased from DAKO-Agilent Technologies Co. (Santa Clara, CA,
USA).

Immunohistochemical (IHC) staining and RNA in situ hybridization.
Neutral buffered formalin (10%)-fixed and paraffin-embedded tissue
blocks were cut into 4 μm-thick sections for hematoxylin-eosin and
IHC staining. Antigen retrieval was performed for all sections by an
autoclave treatment at 121˚C for 5 min in 0.01 M citrate buffer, pH
6.0. Immunostaining was performed by using EnVision/HRP kit
(DAKO). Briefly, the sections were treated with a 0.1% hydrogen
peroxide-methanol solution to inhibit endogenous peroxidase

activity and a 5% bovine serum albumin/tris buffered saline to block
any non-specific binding of primary antibodies. Subsequently, each
section was incubated with the primary antibody against ACE2
(1:100 dilution) or TMPRSS2 (1:100 dilution) at 4˚C overnight.
These sections were then incubated with HRP-conjugated polymer
anti-rabbit or anti-mouse antibody. The peroxidase activity was
visualized using 0.1% 3,3’-diaminobenzidine and 0.01% hydrogen
peroxide in tris buffered saline. for ihc assessment, the staining
intensity of slides was described as an IHC score (scored on a scale
of 0-3; 0: negative, 1: weakly positive, 2: intermediately positive,
3: strongly positive). To detect ACE2/TMPRSS2 mRNA on the
tissue, the in situ hybridization system RNA scope (Advanced Cell
Diagnostics, Hayward, CA, USA) was used following the
manufacturer’s guidelines. The expression levels of mRNA were
qualitatively evaluated.

Statistical analysis. All data are expressed as the mean±standard
error of the mean. Mann-Whitney U-tests were applied for
comparisons between two groups. Statistical significance was set as
p<0.05.

Results

Continuous EAT resulted in reduced redness and temporary
whitening of the epipharyngeal mucosa, which was
considered to indicate reduced inflammation (Figure 1C). In
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Figure 1. Epipharyngeal abrasive therapy (EAT). A: Cotton swabs for EAT. B: EAT procedure. Left panel shows the method of endoscopic EAT.
Right panel shows the method of transoral EAT. C: Transnasal endoscopic photographs of the epipharynx in a patient. Left panel shows transnasal
endoscopic photographs of the epipharynx pre-EAT treatment. Right panel shows transnasal endoscopic photographs of the epipharynx following
3 months of treatment with EAT. The arrowhead indicates the temporal whitening phenomenon. D: Hematoxylin and eosin (HE) staining of the
epipharynx mucosa of a patient. Upper panel shows HE staining of the epipharynx pre-EAT treatment. Lower panel shows HE staining of the
epipharynx following 3 months of EAT treatment. The arrowhead indicates cilia on the surface of epithelial cells.



the group not treated with EAT, the epipharyngeal mucosa
comprised ciliated epithelium, whereas in the EAT-treated
group, squamous metaplasia was evident in the epipharyngeal
mucosa (Figure 1D). Importantly, ACE2/TMPRESS2
expression was not detected in the region of squamous
metaplasia in the EAT-treated group, as determined by IHC
and mRNA in situ hybridization (Figure 2A). The IHC scores
for ACE2 and TEMPRSS2 in the EAT-treated group were
3.40-fold and 1.81-fold lower than those in the non-treated
group, respectively (ACE2: p=0.0208, TMPRSS2: p=0.0244;
Figure 2B). 

Discussion

EAT was originally developed in Japan as a treatment to
reduce chronic epipharyngitis, which causes various upper
respiratory tract symptoms such as postnasal drip, throat
pain and cough (3). In addition, EAT has been reported to
be effective in improving symptoms of autoimmune diseases
such as IgA nephropathy and psoriatic arthritis associated
with chronic epipharyngitis. (2, 5, 6). A former study
showed that continuous EAT macroscopically induces
mucosal whitening, defined as temporal whitening
phenomenon (7), suggesting that ZnCl2 utilized in EAT
induces an astringent effect on inflamed mucosa (2). We
microscopically found that EAT induces squamous
metaplasia, resulting in the disappearance of ciliary
structures exhibiting expression of SARS-CoV-2 entry
factors ACE2 and TMPRSS2. Thereby, the mRNA
expression of ACE2 and TMPRSS2 was reduced. These
results suggested that EAT transcriptionally regulates
expression of ACE2 and TMPRSS2 during squamous
metaplasia, where these proteins were previously suggested
to be absent (1). SARS-CoV-2 enters human cells via
binding to ACE2, followed by its priming by TMPRSS2 (8).
Therefore, these proteins are potential targets for antiviral
intervention for the prevention of SARS-CoV-2 infection or
in related treatment (9). In one study, TMPRSS2 inhibitor
was not found to be effective at preventing SARS-CoV-2
infection (10), suggesting that targeting TMPRSS2 alone is
not critical for preventing viral infection. In contrast, recent
studies indicate that nasal administration of ACE2 inhibitor
or vaccine is passably effective for SARS-CoV-2 prevention
(1, 11). However, these approaches require further
investigation and dual inhibition is suggested to be more
critical for preventing viral infection. EAT is a simple
method of reducing ciliary ACE2/TMPRSS2 expression. No
intervention study has been conducted to investigate the
preventative effect of EAT on SARS-CoV-2 infection.
However, as lower ACE2 and TMPRSS2 expression might
be helpful in reducing acquisition of SARS-CoV-2 infection
in the upper airway (12, 13), EAT may have potential as a
novel method for preventing COVID-19.
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Figure 2. mRNA and protein expression patterns of angiotensin-
converting enzyme 2 (ACE2) and transmembrane protease, serine 2
(TMPRSS2) in patient tissue samples without and with epipharyngeal
abrasive therapy (EAT). A: ACE2 and TMPRSS2 expression in the
epipharynx of the EAT-treated and non-treated groups. The upper and
middle panels show the protein expression patterns. The lower panels
show the mRNA expression patterns. Arrowheads indicate the mRNA
expression of ACE2. B: Immunohistochemical (IHC) scores for ACE2
and TMPRSS2 expression on the epipharyngeal mucosa of the EAT-
treated (n=11) and non-treated groups (n=7). *Significantly different at
p<0.05.
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