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Clinical-grade recomibinant human ACEZ2
can reduce SARS-CoV-2 infection in cells



Coronavirus

On December 31, 2019, the Health Commission of Hubei Province, People’s
Republic of China, announced a cluster of unexplained cases of pneumonia.

~ The virus was isolated, its genome was sequenced, and it was identified as the
2019 novel coronavirus (2019-nCoV).

On February 11, 2020, the International Committee on Taxonomy of Viruses
defined the virus as “acute severe respiratory syndrome coronavirus 2"’ (SARS-
CoV-2) with the associated respiratory disease COVID-19 (CO-rona VI-rus D-isease
2019).




CORONAVIRUS PANDEMIC

COVID-19

COVID-19 is an infectious disease caused by SARS-CoV-2, a new type of
coronavirus detected in China in late 2019.

Data shows the disease is mild in
80 percent of patients, severe in
13 percent, and critical in 6 percent.

Most common symptoms:

’ Fever
; 2 Fatigue
- ® Drycough

Some patients may also have:

® Achesand pains

& Runny nose

, Sore throat

fh Shortness of breath
@ Diarrhoea

In critical cases. COVID-19 can cause severe
pneumonia or a multiple-organ failure and
can lead to death.




Approximately 80% of infections are mild with flu-like symptoms,
15-20% are severe, requiring hospitalization and supplemental oxygen,
and 5% are critical and require mechanical ventilation.

Risk factors for severe illness include age and underlying medical comorbidities such
as cardiovascular disease, diabetes, chronic respiratory disease, hypertension and
cancer.

Death may occur in up to 3% of infections.
Death from SARS-CoV-2 is more common in individuals over age 60 or with

underlying medical issues but can occur in younger persons, perhaps related to the
inoculum.



Primary transmission is believed to occur through respiratory droplets from
coughing and sneezing and contagion requires close proximity (less than 6 feet

distance) between individuals.

The incubation period for COVID-19 is 3 to 7 days but can be as long as 2 weeks

from infection to symptoms .
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The COVID-19 pandemic brought unique challenges to the global healthcare
community, with rapid escalation of the number of affected individuals and

associated mortality over a handful of weeks.
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Shortly before puberty, the sex cords acquire a lumen and become the
seminiferous tubules. At about the same time, PGCs give rise to spermatogonial

stem cells.

Type A spermatogonia
Mitotic Division

Type B spermatogonia
Mitotic Division

Primary spermatocytes

1st Meiotic Division

Secondary spermatocytes

l 2nd Meiotic Division

Spermatids

Spemmatozoon

Iatunng
spermatids

Spermatids

' gpermatocyte
in prophase

Sertol cell

Spermatogonial
division

Spematogonia



Type A dark
spermatogonia

Type A pale
spermatogonia

Type A pale

spermatogonia MitOtiC DiViSion

Type B
spermatogonia

Primary
spermatocytes

Secondary

spermalocytes MeiotiC DiViSion

Early spermatids

Late spermatids

Residual bodies

Spermatozoa




Furthermore, spermatogonia and spermatids remain embedded in deep recesses
of Sertoli cells throughout their development .

Sertoli cells:

**support and protect the germ cells
s participate in their nutrition
s+ assist in the release of mature spermatozoa

Leydig cells, also known as interstitial cells of Leydig, are found adjacent to
the seminiferous tubules in the testicle. They produce testosterone in the
presence of luteinizing hormone (LH).
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There are limited data regarding the impact of SARS-CoV-2 on human
reproduction as the virus is novel and has only recently infected humans.

To date, there have been no reports of the virus in the female reproductive tract,
in vaginal secretions, in amniotic fluid or in peritoneal fluid.

Although there is nothing to suggest that female or male

gametes would be impacted directly by infection with SARS-
CoV-2 or other coronaviruses, there is evidence that fever :
can impact spermatogenesis. 'l~

Therefore, male fertility may be diminished for 72-90 days ’ v »
following COVID- 19 due to decreased sperm concentration ." & -
and motility. »




The SARS-CoV-2 virus utilizes ACE2 receptors to gain entry into the human cells.
The male reproductive system expresses ACE2 within adult Leydig cells in the
testis and there are data to suggest that ACE2 plays a role in spermatogenesis.

The presence of ACE2 receptors is much more prominent in the male
reproductive system than the female reproductive system.

These precautions are not currently recommended for SARS-CoV-2, given the lack
of evidence for transmission through blood or sexual contact.

Similarly, there is no current recommendation for screening oocyte or sperm
donors for SARS-CoV-2.

These are areas in which further investigation is necessary in order to assure the
safety of stored gametes and the safety of patients undergoing assisted
reproduction.
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Effect of SARS-CoV-2 infection upon male gonadal function:A single center-based
study

Ling Ma,VWen Xie, Danyang Li, Lei 5hi,Yanhong Mao,Yao Xiong, Yuanzhen Zhang, Ming Zhang
doi: https://doi.org/10.1101/2020.03.21.20037267
This article is a preprint and has not been peer-reviewed [what does this mean?]. It

reports new medical research that has yet to be evaluated and so should not be used to
guide clinical practice.
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Reproductive Medicine Center, Zhongnan Hospital, Wuhan University, Wuhan, Hubei
Province, P. R. China
Department of Obstetrics & Gynecology, Zhongnan Hospital, Wuhan University,
Wuhan, Hubei Province, P. R. China.



Except for the respiratory symptoms such as cough, fever and even acute
respiratory failure, evidences of SARS-CoV-2 attack to multiple organs such as
digestive, cardiovascular, urinary systems have been reported.

Angiotensin converting enzyme 2 (ACE2) is considered as the receptor for
binding and entry into host cells by SARS-CoV-2.
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According to the online database The Human Protein Atlas portal, testes shows the highest
expression level of ACE2 protein and mRNA in the body [8].

Based on scRNA-seq profiling of human testes, Wang ZP et al. also reported that ACE2 is
predominantly enriched in spermatogonia, Leydig and Sertoli cells [9]. All the findings
- suggest the potential risk of male gonad to be vulnerable to SARS-CoV-2 attack.

In this study, we compared the sex-related hormones between
reproductive-aged men (100 age-matched healthy men)
SARS-CoV-2 infection and age-matched healthy men, (81 male patients)

Wuhan Leishenshan Hospital from Mar 5 to Mar 18, 2020.

Leishenshan




All patients aged from 20~54 years (with a median of 38 yrs).

In the study group:

serum testosterone (T),

estradiol (E2),

progesterone (P),

prolactin (PRL),

luteinizing hormone (LH),

follicle stimulating hormone (FSH),
antimullerian hormone (AMH)

were detected by electrochemiluminescent immunoassays

serum luteinizing hormone (LH)

testosterone (T) to LH (T/LH)

testosterone (T) to estradiol (T/E2),

the ratio of follicle stimulating hormone (FSH) to LH (FSH/LH)



Since the major roles of testes are spermatogenesis and androgens secretion, the
sex-related steroids can be used to evaluate the status of male gonad.

Serum T levels did not statistically change in the COVID-19 group
a significant increase in serum LH level
a dramatic decrease in serum T: LH.

As known, there is a subtle negative feedback between T in testes and LH in
pituitary. In the early stage of hypogonadism, impaired T production may
stimulate the release of LH which can maintain T level temporarily.

The serum PRL level also significantly elevated in COVID-19 patients.
high PRL level may lead to pituitary suppression and decreased gonadotropins,
while serum LH was increased in this study.

Taken together, we infer that the elevated LH and decreased T:LH ratio are more
likely to be caused by testes dysfunction, such as the possible damage of Leydig
cells.



This study has several strengths and limitations.

» The study provides the first evidence about the alteration of sex-related
hormones under COVID-19.

» First, neither semen parameters nor existence of SARS-CoV-2 in semen was
detected, which are more straightforward evidence for testes injury caused
by SARS-CoV-2.

» The condition of COVID-19, some other factors such as stress and

corticosteroid therapy may also influence hypothalamic-pituitary-gonadal
axis.

» However, it should be mentioned that corticosteroids are usually believed
to impair LH release instead of promoting it as seen in this study.

» In the end, repeated detection with appropriate time interval (such as 3
months or 6 months later) is necessary.
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Abstract

In December 2019, a novel coronavirus (SARS-CoV-2) was identified in patients with pneumonia (called COVID-19) in Wuhan, Hubei
Province, China. SARS-CoV-2 shares high sequence similarity and uses the same cell entry receptor, angiotensin-converting enzyme 2
(ACE2), as does severe acute respiratory syndrome coronavirus (SARS-CoV). Several studies have provided bioinformatic evidence of
potential routes for SARS-CoV-2 infection in respiratory, cardiovascular, digestive and urinary systems. However, whether the
reproductive system is a potential target of SARS-CoV-2 infection has not been determined. Here, we investigate the expression pattern
of ACE2 in adult human testis at the level of single-cell transcriptomes. The results indicate that ACE2 is predominantly enriched in
spermatogonia, Leydig and Sertoli cells. Gene ontology analyses indicate that GO categories associated with viral reproduction and
transmission are highly enriched in ACE2-positive spermatogonia while male gamete generation related terms are down-regulated.
Cell-cell junction and immunity related GO terms are increased in ACE2-positive Leydig and Sertoli cells, but mitochondria and
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In this study, we investigate the RNA expression profiles of ACE2 in adult human
testis at single-cell resolution.

Our study documents that ACE2 is predominantly enriched in spermatogonia,
Leydig and Sertoli cells.

A recent epidemiologic study indicates that some patients infected with SARS-
CoV-2 have signs of severe liver damage (1).
Moreover, recent studies has explored the composition and proportion of ACE2-
expressing cells

* Respiratory system

* the digestive system (10)

* cardiovascular systems (11).

e urinary systems (11).

have been reported as potential organ targets of SARS-CoV-2 infection.

However, whether the reproductive system is susceptible to SARS-CoV-2
infection has not been determined.



In this study, we investigate the RNA expression profiles of ACE2 in adult human
testis at single-cell resolution.

Our study documents that ACE2 is predominantly enriched in spermatogonia,

Leydig and Sertoli cells.

ACE2-positive cells possess higher abundance of transcripts associated with viral
reproduction and transmission and lower abundance of transcripts related with

male gametogenesis.

Taken together, ACE2 expression in human testis suggests that SARS-CoV-2 could

infect the male gonad and risk male reproductive dysfunction.



TMPRSS2 Expression level ACEZ Expression level

Figure 2. ACE2 expression pattern in adult human testis. (A) Per-cell expression level
of ACE2 of human testicular cells visualized on the UMPA plot. (B) UMAP plot of
TMPRSS2 expression across all cell clusters. (C) Violin plots of ACE2 expression in all
identified cell types. (D) Violin plots for TMPRSS2 expression across all cell types.



ACE2% in celll type

Figure 3. Composition of ACE2-positive cells and pseudotime analysis
of human testicular cells. (A) ACE2-expression cells in each identified
cell type.



By analyzing the expression pattern of ACE2 in adult human testis at single-
cell transcriptome resolution, we find that ACE2 is primarily expressed in
spermatogonia, Leydig and Sertoli cells in the human testis.

ACE2-positive spermatogonia express a higher number of genes associated
with viral reproduction and transmission and a lower number of genes
related to spermatogenesis compared to ACE2-negative spermatogonia.

ACE2-positive Leydig and Sertoli cells express higher genes involved in cell-
cell junction and immunity and lower genes associated with mitochondria
and reproduction.

These findings suggest that the testis is A high-risk organ vulnerable to
SARS-CoV-2 infection that may result in spermatogenic failure.

These investigations may provide potential clues for further investigation and
may have translational implications for treatment of reproductive defects
caused by SARS-CoV-2 infection.
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We identified adult Chinese male patients (range 18-57 years) diagnosed with
COVID-19 in Wuhan, China between Jan 26th, 2020 and March 2nd, 2020.

A total of 34 adult male patients were recruited for this study.

Patients were initially diagnosed with COVID-19 based on clinical symptoms,
confirmed with qRT-PCR of pharyngeal swab samples.

1) detection of SARS-CoV-2 in the semen of patients recovering from COVID-19
2) determine the expression profile of ACE2 and TMPRSS2 within the human
testicle.



Table 1: Individual characteristics for adult males with confirmed COVID-19 providing
semen sample for SARS-CoV-2 testing.

Patient | Age BMI Time between COVID-19 diagnosis and SARS-CoV-2
(yrs) (kg/m2) semen sample obtained (days) Semen Result
; <1 _26 33 | Negative
2 55 235 28 | Negative
3 31 20.4 32 | Negative
4 20 31.2 31 | Negative
5 28 24.6 33 | Negative
8 50 25.1 29 | Negative
T 35 27 27 | Negative
8 54 18.1 25 | Negative
g 46 24.9 30 | Negative
10 30 246 40 | Negative
1 30 21.7 40 | Negative
12 37 20.2 31 | Negative
13 49 243 31 | Negative
14 50 222 30 | Negative
15 48 20.4 33 | Negative
168 55 28.2 37 | Negative
17 33 25.1 27 | Negative
18 50 23.1 37 | Negative
19 37 22 15 | Negative
20 27 20.9 31 | Negative
21 47 26.6 30 | Negative
22 38 28 36 | Negative
23 36 24.1 33 | Negative
24 32 30.9 14 | Negative
25 1 26.6 31 | Negative
26 32 28.7 33 | Negative
27 26 24.1 8 | Negative
28 32 32 38 | Negative
20 43 222 38 | Negative
30 39 355 8 | Negative
31 54 26 35 | Negative
32 18 23 28 | Negstive
33 38 243 58 | Negative
34 55 29 75 | Negative

Abbreviations: COVID-18 - coronavirus disease 2018; SARS-CoV-2- severe acute respiratory
syndrome coronavirus 2; BM| — body mass index;
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Conclusion:

We did not detect SARS-CoV-2 within semen of adult Chinese males
recovering from COVID-19, approximately one month after the initial COVID-
19 confirmation.

Unfortunately, we cannot definitively rule out the presence of SARS-CoV-2 in
the seminal fluid during an acute infection with severe COVID-19 symptoms.

Additionally, we did not find evidence of ACE2 andTMPRSS2 co-expression,
SARS-CoV-2 would likely not be able to gain entry to testicular cells through
an ACE2/TMPRSS2-mediated mechanism.

Further research is needed to understand the long-term impact of SARS-CoV-
2 on male reproductive function including fertility and testicular endocrine
function.
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We have previously provided the first genetic evidence that angiotensin
converting enzyme 2 (ACE2) is the critical receptor for severe acute respiratory
syndrome coronavirus (SARS-CoV), and ACE2 protects the lung from injury,
providing a molecular explanation for the severe lung failure and death

due to SARS-CoV infections.

ACE2 has now also been identified as a key receptor for SARS-CoV-2
infections, and it has been proposed that inhibiting this interaction might be
used in treating patients with COVID-19.

In a normal adult human lung, ACE2 is expressed primarily in alveolar epithelial
type Il cells, which can serve as a viral reservoir (Zhao et al., 2020).

These cells produce surfactant that reduces surface tension, thus preventing
alveoli from collapsing, and hence are critical to the gas exchange function of
the lung (Dobbs, 1989).

Injury to these cells could explain the severe lung injury observed in COVID-19
patients.



hrsACE-2 Can Inhibit SARS-CoV-2 Infection in a Dose Dependent Manner

These data demonstrate that hrsACE2 inhibits the attachment
of the virus to the cells.

Importantly, as expected from a neutralizing agent, this inhibition was
dependent on the initial quantity of the virus in the inoculum and the dose of

hrsACE2
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hrsACE-2 Inhibits SARS-CoV-2 Infections of Human Capillary Organoids
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Figure 3. SARS-CoV-2 Infections of Blood Vessels Organoids

The 'Vero' lineage was isolated from kidney epithelial cells extracted from an African
green monkey

anti-CD31 to detect endothelial cells and anti-PDGFRb ( 'platelet derived growth factor
receptor alpha') to detect pericytes. DAPI (blue) was used to visualize nuclei.



hrsACE-2 Can Inhibit SARS-CoV-2 Infections of Human Kidney
Organoids.
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it is not known whether human recombinant soluble ACE2 (hrsACE2) blocks
growth of SARS-CoV-2.

We also show that SARSCoV-2 can directly infect engineered human blood vessel
organoids and human kidney organoids, which can be inhibited by hrsACE2.

These data demonstrate that hrsACE2 can significantly block early stages of
SARS-CoV-2 infections.

SARS-CoV and SARS-CoV-2 hrsACE2 binds to Spike and reduces binding
o ACE2 at the membrane

— Spike # Solubky
ACE2
Mambrane-bound
ACE2 Membrane-bound
ACE2

/kwww o0 of ACE2 Less SARS-CoV-2 internalzation
with SARS-CoV snd 2
Moembrana fuson
Virs! RNA release Reduced viral load

SARS and COVID-19

Vascular organoid Kidney ,orgar:oid
3N »

SARS-CoV-2
replicates in
human blood vessel
and kidney organoids
which is inhibited by
hrsACE2




Andrade-Rocha reported that adverse effects of an acute fever on semen
variables, particularly in the sperm concentration and morphology. The

recovery of the semen parameters occurred 4 to 5 weeks after the fever.
(Fernando Tadeu Andrade-Rocha et al., 2013).

Considering that one of the primary symptoms of COVID-19 is a high fever, it’s
reasonable to assume that men infected with coronavirus will also experience
reduced fertility.
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