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Expression Profile and Implications of ACE2; The Receptor for New SARS-CoV-2
Sabba Mehmood, Shaista Aslam, Sidra Younis

ABSTRACT

Expansion of novel coronavirus disease 2019 (COVID-19) involves various risk factors including clinical, genetic,
demographic and environmental manifestation but they are insufficient to explain disease pathogenesis. With
patients ranging from completely asymptomatic to many suffering mild to severe illness, indicates that COVID-
19 should better be studied at genetic level as different genetic backgrounds predispose to variability in
infection susceptibility. Recently, it is recognized that severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) binds and internalized by the host cells through cell surface receptors angiotensin-converting enzyme 2
(ACE2), which is expressed significantly in variety of human tissues particularly in the lower and upper
respiratory tract. To scrutinize the expression profiles and clinical implications of ACE2 gene in humans,
literature was extensively reviewed. In common, various studies reported that ACE2 receptor protein is highly
conserved among different species, the expression pattern is tissue specific mainly observed in cardiovascular
system, breast cells, testis, adipose tissue, kidney, lymphocytes and gastrointestinal system other than the
upper and lower respiratory tract. This significant expression makes these organs vulnerable to SARS-CoV-2
virus and hence many comorbidities may be observed during the course of infection. The present review on
expression profile of ACE2 not only proposes potential clues for COVID-19 pathogenesis but also designate
clinical values of ACE2 gene in heterogeneous disorders.
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A novel and more infectious virus appeared in China
at the end of the year 2019, nearly 20 years of
epidemic of the severe acute respiratory syndrome
(SARS), caused by a beta coronavirus, recently
retitled as SARS-CoV-1. This new virus extended
across the globe, and finally attained the apex of
pandemic disease.' As of mid-August 2020, this new
coronavirus infected over 20 million people,
resultingin atleast 739,526 deaths.

Coronavirus disease 2019 (COVID-19) is a
heterogeneous group of disorders varied from
asymptomatic to very aggressive illness.
Demographic, environmental and clinical factors
have contributed towards the severity and
progression of the disease. The broad inter-
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individual variation of the disease susceptibility can
be explained through predisposing genetic
background of the individuals. It has been
remarkably established that the virus SARS-CoV-2 is
responsible for causing COVID-19, it binds and
internalized by the host cell through cell surface
protein “angiotensin-converting enzyme 2 (ACE2)".
ACE2 is a cell surface receptor, which exhibits its
expression in variety of human tissues especially in
the respiratory tract, heart, testis, adipose tissue,
kidney, lymphocytes and gastrointestinal system.

Angiotensin-converting enzyme 2 (ACE2) gene

ACE2 gene is mapped on chromosome: Xp22.2, it
comprises 18 exons and covers approximately 40 kb
region in the genome, it encodes for the protein
which is 805 amino-acids long and is member of the
family of angiotensin-converting enzyme related
carboxydipeptidases. ACE2 contains an N-terminal
(17-amino-acid) signal peptide and a C-terminal
membrane anchor (22 amino acids) and have 40%
sequence homology to the human ACE-1 protein.’
Based on its chromosomal location (Xp22.2), ACE2
gene is hemizygous in males and can be



Life & Science 2020 Special Supplement

heterozygous only in females." Transmembrane
serine protease-2 (TMPRSS2) is required for the
priming of SARS-COV-2 spike protein and its
proteolytic activity is involved in pathogenicity and
viral transmission.”® The androgen receptor (AR) is
the only known regulator for transcription and
modulation of TMPRSS2 gene, which co-expressed
with ACE2 gene’, suggesting that higher
concentrations of testosterone in males compared to
females may lead to male predominance of severe
COVID-19 infection.” The levels of soluble ACE2
(sACE2) are same in both sexes till 12 years of age.
However, with growing age, its concentrations
increase more in boys compared to girls. At the age of
15 years and above, sACE2 is markedly higher in
males than females and may contribute to increases
risk of severe COVID-19.’

ACE2 as a major component of RAS pathway
Angiotensin-converting enzyme or ACE2 plays a
crucial role in humans as it is major element of renin-
angiotensin system (RAS), which regulates the blood
pressure by maintaining the body fluid contents. The
main function of ACE2 in this pathway is to convert
the angiotensin Il hormone into angiotensin 1-7
(Ang 1-7)", thus regulating the balance of circulating
Angll/Ang1-7 levels.” As angiotensin |-7 induces the
vasodilation and angiotensin Il induces
vasoconstriction, therefore ACE2 is responsible to
control blood pressure and prevent organ damage by
converting angiotensin Il into a vasodilator.
Angiotensin Il is also known to cause pro-oxidative,
pro inflammatory and pro-fibrotic activities that
cause organ damage.

ACE2 expression profile and related
pathophysiology

ACE2 remains in debates since past for its expression
in various human tissues (Figure 1). Recently it is
recognized as the main receptor for the penetrance
of SARS-CoV-2 into target cells. Subsequently,
various studies started evaluating the expression
profile of ACE2 and the type of the cells in which
ACE2 is expressed.” Harmer et al. found that the
ACE2 expressed in all 72 tissues of humans except
red blood cells. According to them highest
expression was noticed in male genital organs,
cardiovascular and renal tissues and in all portions of
gastrointestinal lining predominantly in ilium.”
Whereas Li et al., addressed ACE2 expression profile
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in many human tissues, they divided the results
according to sex and age groups (Average age 49
years) in order to better investigate the prognosis of
COVID-19. In this study, they selected 31 different
human organs, and found that ACE2 expression level
was highest in small intestine, moderate in lungs
epithelia and lowest in blood. Furthermore Li et al.,
has showed that there is positive correlation
between the ACE2 expression levels and immune
signatures of both genders (male/ female).”

Fig 1: ACE2 expression in various human tissues

(Baranluk C. Receptors for SARS-CoV-2 Present in Wide
Variety of Human Cells. The Scientist magazine April 29,
2020. Available from: https://www.the-
scientist.com/news-opinion/receptors-for-sars-cov-2-
present-in-wide-variety-of-human-cells-67496)

As novel SARS-CoV-2 born COVID-19 epidemic is
often symptomatic disease with prevalent symptom
of difficulty in breathing, hence expression of ACE2
gene is frequently explored in lung in several studies.
Epithelial lining of the nose (i.e., ciliated and goblet
cells) and alveolar epithelial type Il cells display
significant expression of ACE2 along with the
TMPRSS2 gene expression, thus clarifying the
distinct susceptibility (and vulnerability) of
pulmonary cells to be infected by SARS-CoV-2."
Interestingly, Xu et al., revealed that ACE2 expression
is also observed on mucosal lining (epithelial cells of
tongue) of oral cavity.”” It is also explained that
lymphocyte injury leading to lymphopenia observed
during the course of COVID-19 is related to ACE2
gene expression in lymphocytes which gives
reasonable clue for the significant role of ACE2
expression during COVID-19."

To determine the ACE2 related pathophysiology,
Lippi et al, studied the genetic polymorphisms of
ACE2 gene in multiple RNA-seq datasets with precise
focus on respiratory tree acquired from various
human tissues of healthy donors. Similar to previous
findings, ACE2 expression was noticed significantly

65



Life & Science 2020 Special Supplement

high in alveolar epithelium, esophagus, liver, kidney,
heart, ileum, colon, gall bladder, testis and cornea,
which supports the hypothesis of direct infection of
these organs by SARS-CoV-2." These findings also
explain the occurrence of pyroptosis and diffuse
endothelium inflammation as the outcome of ACE2
expression which may ends up with developing
thrombotic events during COVID-19."

The highest expression of ACE2 mRNA and proteinin
testes has exposed the possibility of relationship of
male infertility with severe COVID-19. Higher
expression of ACE2 mRNA is reported in Sertoli cells,
Leydig cells, spermatogonia and seminiferous duct
cells of testes™”* and may support the possibility of
COVID-19 mediated male gonadal functions
impairment. There are contradictory reports which
suggest that COVID-19 infection in males leads to
acute phase hypogonadism and reduced androgenic
actions which may lead to certain fatal
consequences.

There are certain etio-pathogenic hypotheses that
are put forward to explain the comorbidities in
COVID-19 including indirect inflammatory/immune
response resulting in increased pro-inflammatory
cytokines (IL-1B, IL-6, and TNF-a) levels; disruption of
hormonal pathways; increased psychological
oxidative stress caused by COVID-19 infection and
treatment with antiviral drugs like ribavirin.”*

There are many uncertainties related to COVID-19
prognosis and severity.” ACE2 expression profile
alone is not sufficient to describe SARS-CoV-2
pathogenesis, however various recent reports have
confirmed ACE2 as only possible entrance for novel
corona virus.*”#?%%% |ts expression at different
tissues, extends the infection to other sites, resulting
in COVID-19 comorbidities as shown in Table 1
including hypertension, gastrointestinal injury, renal
failure, pulmonary injury/ inflammation, male
infertility, cardiac injury/ arrest and new onset
diabetes

Conclusion

This review identified the target sites of SARS-CoV-2
to better understand its pathophysiology and
severity and susceptibility to different age groups,
genders and races. We focused on only few disorders
related to ACE2 expression but still it gives important
cluesregarding expression pattern of the ACE-2 gene
regulating the diversity in immune response. This
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study not only open the gateway to explore genetic
benchmarks contributing in COVID-19 pathogenesis
but also designate clinical values of ACE2 gene as
potential therapeutic target for designing drugs/
vaccines against novel corona virus. The follow-up
studies are needed based on these theoretical
explanations to find the possible link between
COVID-19infection and its related comorbidities.

Table 1: Comorbidities related to multi-organ ACE2
expression in COVID-19 patients

ACE2 expression in Pathophysiology References

different Organs

Blood vessels Hypertension 33

Small intestine, Gastrointestinal 34

Duodenum injury

Kidney Renal cancer, renal 34
failure

Liver Liver cancer 35

Lungs Pulmonary injury/ 36
inflammation

Testes Male infertility 37

Heart Cardiac injury/ 38
arrest

Gall bladder/ Pancreas  Gastrointestinal 39
injury, Diabetes

Breast cells Breast Cancer 40

REFERENCES

1. Lippi G, Lavie CJ, Henry BM, Sanchis-Gomar F. Do genetic
polymorphisms in angiotensin converting enzyme 2 (ACE2)
gene play a role in coronavirus disease 2019 (COVID-19)>?.
Clinical Chemistry and Laboratory Medicine (CCLM). 2020;
58:1.(ahead-of-print).

2. Lippi G, Sanchis-Gomar F, Henry BM. Coronavirus disease
2019 (COVID-19): the portrait of a perfect storm. Annals of
Translational Medicine. 2020; 8: 497.

3. Fu J, Zhou B, Zhang L, Balaji KS, Wei C, Liu X, et al.
Expressions and significances of the angiotensin-converting
enzyme 2 gene, the receptor of SARS-CoV-2 for COVID-19.
Molecular Biology Reports. 2020; 14: 1-10.

4. Gemmati D, Bramanti B, Serino ML, Secchiero P, Zauli G,
Tisato V. COVID-19 and Individual Genetic
Susceptibility/Receptivity: Role of ACE1/ACE2 Genes,
Immunity, Inflammation and Coagulation. Might the
Double X-Chromosome in Females Be Protective against
SARS-CoV-2 Compared to the Single X-Chromosome in
Males? International Journal of Molecular Sciences. 2020;
21:3474.

5. Glowacka |, Bertram S, Miller MA, Allen P, Soilleux E,
Pfefferle S, et al. Evidence that TMPRSS2 activates the
severe acute respiratory syndrome coronavirus spike
protein for membrane fusion and reduces viral control by
the humoral immune response. Journal of virology. 2011;
85:4122-34.

6. Hoffmann M, Kleine-Weber H, Schroeder S, Kriger N,
Herrler T, Erichsen S, et al. SARS-CoV-2 cell entry depends
on ACE2 and TMPRSS2 and is blocked by a clinically proven



Life & Science 2020 Special Supplement

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

protease inhibitor. Cell. 2020; 181: 271-80.

Lucas JM, Heinlein C, Kim T, Hernandez SA, Malik MS, True
LD, et al. The androgen-regulated protease TMPRSS2
activates a proteolytic cascade involving components of the
tumor microenvironment and promotes prostate cancer
metastasis. Cancer discovery. 2014; 4: 1310-25.

Stopsack KH, Mucci LA, Antonarakis ES, Nelson PS, Kantoff
PW. TMPRSS2 and COVID-19: Serendipity or Opportunity
for Intervention? Cancer discovery. 2020; 10: 779-82.
Sward P, Edsfeldt A, Reepalu A, Jehpsson L, Rosengren BE,
Karlsson MK. Age and sex differences in soluble ACE2 may
give insights for COVID-19. Critical Care. 2020; 24: 1-3.
Sanchis-Gomar F, Lavie CJ, Perez-Quilis C, Henry BM, Lippi G.
Angiotensin-Converting Enzyme 2 and antihypertensives
(angiotensin receptor blockers and angiotensin-converting
enzyme inhibitors) in Coronavirus Disease 2019. InMayo
Clinic Proceedings. Elsevier. 2020; 95: 1222-30.

Donoghue M, Hsieh F, Baronas E, Godbout K, Gosselin M,
Stagliano N, et al. A novel angiotensin-converting
enzyme-related carboxypeptidase (ACE2) converts
angiotensin | to angiotensin 1-9. Circulation research. 2000;
87:e1-9.

Zhou P, Yang XL, Wang XG, Hu B, Zhang L, Zhang W, et al. A
pneumonia outbreak associated with a new coronavirus of
probable bat origin. Nature. 2020; 579: 270-3.

Harmer D, Gilbert M, Borman R, Clark KL. Quantitative
mMRNA expression profiling of ACE 2, a novel homologue of
angiotensin converting enzyme. FEBS letters. 2002; 532:
107-10.

Li MY, Li L, Zhang Y, Wang XS. Expression of the SARS-CoV-2
cell receptor gene ACE2 in a wide variety of human tissues.
Infectious diseases of poverty. 2020;9: 1-7.

Sungnak W, Huang N, Bécavin C, Berg M, Network HC. SARS-
CoV-2 entry genes are most highly expressed in nasal goblet
and ciliated cells within human airways. arXiv preprint
arXiv: 2003.06122.2020.

Xu H, Zhong L, Deng J, Peng J, Dan H, Zeng X, et al. High
expression of ACE2 receptor of 2019-nCoV on the epithelial
cells of oral mucosa. International journal of oral science.
2020;12:1-5.

Henry BM, De Oliveira MH, Benoit S, Plebani M, Lippi G.
Hematologic, biochemical and immune biomarker
abnormalities associated with severe illness and mortality
in coronavirus disease 2019 (COVID-19): a meta-analysis.
Clinical Chemistry and Laboratory Medicine (CCLM). 2020;
58:1021-8.

Ferrario CM, Jessup J, Chappell MC, Averill DB, Brosnihan
KB, Tallant EA, et al. Effect of angiotensin-converting
enzyme inhibition and angiotensin Il receptor blockers on
cardiac angiotensin-converting enzyme 2. Circulation.
2005;111:2605-10.

Varga Z, Flammer AJ, Steiger P, Haberecker M, AndermattR,
Zinkernagel AS, et al. Endothelial cell infection and
endotheliitisin COVID-19. The Lancet. 2020; 395:1417-8.
Fan C, LiK, Ding Y, Lu WL, Wang J. ACE2 expression in kidney
and testis may cause kidney and testis damage after 2019-
nCoV infection. MedRxiv. 2020.

Wang Z, Xu X. scRNA-seq profiling of human testes reveals
the presence of the ACE2 receptor, a target for SARS-CoV-2

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

ACE2 and COVID-19

infection in spermatogonia, Leydig and Sertoli cells. Cells.
2020;9:920.

Shen Q, Xiao X, Aierken A, Yue W, Wu X, Liao M, et al. The
ACE2 expression in Sertoli cells and germ cells may cause
male reproductive disorder after SARS-CoV-2 infection.
Journal of Cellular and Molecular Medicine. 2020; 24:9472-
7.

Almasry SM, Hassan ZA, Elsaed WM, Elbastawisy YM.
Structural evaluation of the peritubular sheath of rat's
testes after administration of ribavirin: A possible impact on
the testicular function. International journal of
immunopathology and pharmacology. 2017; 30: 282-96.
Zhang Q, Bastard P, Liu Z, Le Pen J, Moncada-Velez M, Chen
J, etal. Inborn errors of type | IFN immunity in patients with
life-threatening COVID-19. Science. 2020; 370: eabd4570.
Shirvani E, Samal SK. Newcastle Disease Virus as a Vaccine
Vector for SARS-CoV-2. Pathogens. 2020; 9: 619.

Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et al. Clinical
characteristics of coronavirus disease 2019 in China. New
England journal of medicine. 2020;382: 1708-20.
Al-Baadani AM, Elzein FE, Alhemyadi SA, Khan OA,
Albenmousa AH, Idrees MM. Characteristics and outcome
of viral pneumonia caused by influenza and Middle East
respiratory syndrome-coronavirus infections: a 4-year
experience from a tertiary care center. Annals of thoracic
medicine. 2019; 14:179.

Wang Z, Chen Z, Zhang L, Wang X, Hao G, Zhang Z, et al.
Status of hypertension in China: results from the China
hypertension survey, 2012—-2015. Circulation. 2018; 137:
2344-56.

Lu J, Lu Y, Wang X, Li X, Linderman GC, Wu C, et al.
Prevalence, awareness, treatment, and control of
hypertension in China: data from 1- 7 million adults in a
population-based screening study (China PEACE Million
Persons Project). The Lancet. 2017; 390: 2549-58.

WuJT, Leung K, Bushman M, Kishore N, Niehus R, de Salazar
PM, et al. Estimating clinical severity of COVID-19 from the
transmission dynamics in Wuhan, China. Nature Medicine.
2020; 26:506-10.

ZhouF, YuT,DuR, FanG, LiuY, Liu Z, et al. Clinical course and
risk factors for mortality of adult inpatients with COVID-19
in Wuhan, China: a retrospective cohort study. The lancet.
2020;395:1054-62.

YangJ, ZhengY, Gou X, PuK, Chen Z, Guo Q, et al. Prevalence
of comorbidities in the novel Wuhan coronavirus (COVID-
19) infection: a systematic review and meta-analysis.
International journal of infectious diseases. 2020; 395:
1054-62.

Richardson S, Hirsch JS, Narasimhan M, Crawford JM,
McGinn T, Davidson KW, et al. Presenting characteristics,
comorbidities, and outcomes among 5700 patients
hospitalized with COVID-19 in the New York City area. Jama.
2020;323:2052-59.

Fu J, Zhou B, Zhang L, Balaji KS, Wei C, Liu X, et al.
Expressions and significances of the angiotensin-converting
enzyme 2 gene, the receptor of SARS-CoV-2 for COVID-19.
Molecular Biology Reports. 2020; 47:4383-92.

Li MY, Li L, Zhang Y, Wang XS. Expression of the SARS-CoV-2
cell receptor gene ACE2 in a wide variety of human tissues.

67



Life & Science 2020 Special Supplement

36.

37.

38.

68

Infectious diseases of poverty. 2020;9: 1-7.

Pinto BG, Oliveira AE, Singh Y, Jimenez L, Gongalves AN,
Ogava RL, et al. ACE2 expression is increased in the lungs of
patients with comorbidities associated with severe COVID-
19. MedRxiv. 2020.

Dutta S, Sengupta P. SARS-CoV-2 and male infertility:
possible multifaceted pathology. Reproductive Sciences.
2020;10:1-4.

Long B, Brady WJ, Koyfman A, Gottlieb M. Cardiovascular
complications in COVID-19. The American journal of
emergency medicine. 2020; 38: 1504-07.

39.

40.

ACE2 and COVID-19

Bindom SM, Lazartigues E. The sweeter side of ACE2:
physiological evidence for a role in diabetes. Molecular and
cellular endocrinology. 2009; 302: 193-202.

Dietz JR, Moran MS, Isakoff SJ, Kurtzman SH, Willey SC,
Burstein HJ, et al. Recommendations for prioritization,
treatment, and triage of breast cancer patients during the
COVID-19 pandemic. the COVID-19 pandemic breast cancer
consortium. Breast cancer research and treatment. 2020;
181:487-97.




	Page 68
	Page 69
	Page 70
	Page 71
	Page 72

