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[ Abstract] Objective To investigate the expression of coronavirus disease 2019 (COVID-19) transmission-
related receptors angiotensin-converting enzyme 2 ( ACE2) and transmembrane serine protease 2 ( TMPRSS2) in
human conjunctival tissue and its clinical significance. ~Methods Fifty human conjunctival tissue specimens from
50 patients including 10 normal conjunctival tissues, 15 conjunctival papilloma tissues, 15 conjunctival nevus tissues
and 10 conjunctival cyst tissues were collected from June 2019 to June 2020 at Xi‘an People’s Hospital. Ten corneal
tissue samples from 10 patients with eyes removed due to trauma were collected as control. The distribution of ACE2
and TMPRSS2 in different corneal tissues was detected by the immunohistochemistry. The expression of ACE2 and
TMPRSS2 was scored and compared. Reuse of the human samples and the research protocol was approved by an
Ethics Committee of Xi“an People s Hospital ( No. 20190022 ). Written informed consent was obtained from each
patient. Results ACE2 and TMPRSS2 were both expressed in normal conjunctival epithelium, epithelial cells in
conjunctiva papilloma and conjunctival nevus,and cells in conjunctiva cyst wall. ACE2 was mainly distributed in the
superficial and intermediate cells of conjunctival epithelium,but not in the basal cells and goblet cells. TMPRSS2 was

found in different layers of cells. The positive expression rates of ACE2 and TMPRSS2 in conjunctiva were both
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100%. There was no significant difference in the expression intensity of ACE2 and TMPRSS2 among normal

conjunctival tissue, conjunctival papilloma, conjunctival nevus and conjunctival cyst (all at P> 0.05). Weakly

expressed in corneal tissues, ACE2 and TMPRSS2 were more moderately and strongly expressed in conjunctival

tissues. There were significant differences in the number of differently graded ACE2 and TMPRSS2 expression between

normal conjunctival tissues,conjunctival papilloma,conjunctival nevus,conjunctival cyst and corneal tissues ( ACE2.

Z=-3.473,-4.183,-3.970,-3. 873, all at P<0.01;TMPRSS2:Z=—4.119,-4.472,-4.443 -4. 147 ,all at P<

0.001). Conclusions

COVID-19 transmission-related receptors ACE2 and TMPRSS2 are expressed in human

conjunctival tissue,which provides organological evidence for ocular surface transmission of COVID-19.
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Figure 1  ACE2 expression in human conjunctival tissue A
Positive  staining for ACE2 in  normal conjunctival tissue
(EnVision x200,bar=50 wm) B Positive staining for ACE2 in the
epithelium of conjunctival nevus ( EnVision X200, bar=50 um) C:
Positive staining for ACE2 in conjunctival papilloma and negative staining
in goblet cell (‘arrow) ( EnVision X 200, bar = 50 pm) D Strong
positive staining for ACE2 in the superficial cells in conjunctival cyst wall
(EnVision X400, bar=20 pm) E: Negative staining for ACE2 in the
goblet cell (arrow) in normal conjunctival tissue ( EnVision X400, bar =
20 pm) F:Weak positive staining for ACE2 in the superficial epithelial
cell and negative staining for ACE2 in the intermediate and basal cells in
corneal tissue (EnVision X400,bar=20 pwm)
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Figure 2 TMPRSS2 expression in human conjunctival tissue A
Postive staining for TMPRSS2 in the superficial epithelial cell and goblet
cell (‘arrow) in normal conjunctival tissue ( EnVision X 200, bar =
50 pm)
(EnVision x200, bar =50 pm)
conjunctival papilloma ( EnVision X 200, bar = 50 wm)

B: Positive staining for TMPRSS2 in conjunctival nevus
C: Positive staining for TMPRSS2 in
D Positive
staining for TMPRSS2 in goblet cells (arrow) in conjunctival papilloma
(EnVision x400,bar=20 wm)
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Table 1 ACE2 expression in corneal and different
conjunctival tissues
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45 B i 10 1 8 1

TE - ACE: 48 5 K R e i

Note ; ACE ; angiotensin-converting enzyme

%2 TMPRSS2 EAFLMEARSREER DI ER
Table 2 TMPRSS2 expression in corneal and different
conjunctival tissues

N Te) i 8 S 2 Y 3 35 1] B

44 1511 %

+ ++ +++
bl 10 10 0 0
IE 5 45 i 10 0 6 4
S SR 15 0 10 5
EEER ST 15 0 9 6
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1 : TMPRSS ; #5 i 22 53 R & 11 it}

Note ; TMPRSS : transmembrane serine protease
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