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Abstract

Background Covid-19 toll is disproportionate in Blacks although the mechanisms remain incompletely understood. From a
biological perspective, several host proteins have received most attention as logical susceptibility targets. Specifically,
angiotensin-converting enzyme 2 (ACE2) serves as the epithelial cell receptor and acts in concert with transmembrane protease
serine 2 (TMPRSS2). Intriguingly, ACE2 can also suppress the inflammatory response and therefore may impact the severity of
Covid-19 infections (from the exuberant immune response a.k.a. “cytokine storm”). We, therefore, assessed expression of ACE2
and TMPRSS?2 in Blacks versus Whites.

Methods Archived mucosal biopsies from colonoscopic biopsies of visually normal rectal mucosa without concurrent neoplasia
or inflammation were used for this study. Total mRNA was isolated and subjected to real-time polymerase chain reaction for
ACE2, and TMPRSS2 was assessed from non-Hispanic Blacks (n = 45) and non-Hispanic Whites (z = 38). GAPDH and beta-
actin were used for normalization. Multivariable analysis was performed using Analyse-IT software.

Results ACE2 and TMPRSS?2 levels were not altered by gender, BMI, or age. ACE2 levels were lower in Blacks than Whites
achieving statistical significance in multivariable (0.51-fold, p = 0.03) but not quite in univariable (»p = 0.07) analysis. This
downregulation was mirrored in TMRPSS2 in both univariable (p = 0.03) and multivariable analyses (0.41-fold, p = 0.02).
Moreover, there was a strong correlation between ACE2 and TMPRSS?2 levels (7-squared = 0.78).

Conclusions To our knowledge, this is the first report on racial differences inACE2 and TMPRSS2 mucosal expression. This may
provide potential biological underpinnings for the disproportionately higher mortality of Covid-19 in Blacks and should spur
future studies.
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Introduction

The Covid-19 pandemic has had a devastating impact globally
with regard to both morbidity and mortality. The spectrum of
infection spans the gamut of asymptomatic infection to fulmi-
nant disease (e.g., acute respiratory distress syndrome), and
prediction of disease course remains challenging. In Western
countries, one striking feature has been the disproportionate
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toll in racial and ethnic minorities. For instance, the incidence
of Covid-19 is more than 3-fold higher in predominantly
Black versus White populations in the USA [1]. Moreover,
in predominantly Black counties, the death rate was 6-fold
higher than noted in counties that are largely White [1]. Like
other health-related racial disparities, the pathogenesis for
Covid-19 is likely multifactorial with both socioeconomic
and biological contributors [2]. However, the biological un-
derpinnings in racial Covid-19 mortality differences remain
largely unexplored.

The molecular mechanisms for infection with the novel
Coronavirus virus requires the viral envelop Spike protein to
interact the host cell surface receptor, angiotensin-converting
enzyme 2 (ACE 2) [3]. From the virus perspective, there is
evidence that alterations in the Spike protein may modulate
infectivity [4]. On the host side, in order for the Spike protein
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to bind to ACE2, it requires modification with the host trans-
membrane protease serine 2 (TMPRSS2) [3]. Interestingly,
ACE2 has shown to be necessary for infection, and hence,
lower levels of ACE2 are associated with decreased risk of
developing infection (e.g., in pediatric population) [5]. On the
other hand, several lines of evidence indicate that ACE2 levels
might be inversely correlated with Covid-19 infection severi-
ty. The rationale may be that most significant/fulminant infec-
tions are driven by triggering an overactive immune system
(“cytokine storm”). Recent data has suggested that ACE2
might dampen the exuberant immune response that perpetu-
ates a variety of lung injuries including adult respiratory dis-
tress syndrome (ARDS) [6, 7]. ACE2 is seen throughout the
epithelium and is expressed in the GI tract [8] which may be
one of the reasons for frequent gastrointestinal symptoms in
Covid-19 infections [9].

We postulated the racial difference in ACE2/TMPRSS2
epithelial expression as a factor in Covid-19 racial disparities.
We used a sample of convenience (previously rectal mucosal
biopsies) and assessed ACE2/TMPRSS2 mRNA in healthy
controls to ascertain whether Blacks and Whites had different
expression.

Materials and Methods
Clinical Samples

All human studies were done under the auspices and approval
of the Boston University Institutional Review Board. For this
study, we utilized biopsies obtained from 84 non-Hispanic
Blacks and Whites undergoing colonoscopy for colon cancer
screening and surveillance at Boston Medical Center who
were without neoplasia/inflammation obtained at colonosco-
py. We chose neoplasia-free patients to avoid any potential
confounding from field carcinogenesis. Aside from
colonoscopic findings, clinical information that was available
included self-reported race and gender along with body mass
index (BMI). No data was available on variables such as hy-
pertension and medications including angiotensin receptor
blockers (ARBs) and angiotensin-converting enzyme (ACE)
inhibitors. Exclusion criteria included incomplete colonosco-
py or failure to visualize colon (poor preparation), evidence of
colitis or rectal mucosal abnormalities, and coagulopathy/
immunosuppression which would preclude biopsies.

RT-PCR

Biopsies were collected in PBS and snap frozen in liquid
nitrogen for RNA preservation. To isolate RNA, biopsies
were homogenized using BeadBug microtube homogenizer
(Millipore Sigma, St. Louis, MO) and then subjected to the
trizol-based RiboPure RNA Purification Kit (Thermo Fisher
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Scientific, Waltham, MA) using manufacturer’s instructions.
cDNA was reverse-transcribed using high-capacity cDNA
synthesis kit (Thermo Fisher Scientific, Waltham, MA). RT-
PCR was performed using TagMan real-time PCR assays
(Thermo Fisher Scientific, Waltham, MA) for genes to
ACE2 and TMPRSS2. Target genes were normalized using
the average of the widely accepted internal loading controls
(house-keeping genes) average of internal control genes
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and
beta-actin for enhanced validity and reproducibility of RT-
PCR analysis.

Statistical Analysis

Data are expressed at cycle threshold (CT) value normalized
to the mean of GAPDH and beta-actin CT values as controls.
Relative mRNA expression between Blacks and Whites was
normalized to expression in Whites. Chi-square test was used
to compare categorical data and continuous data compared
using Student’s #-test or Wilcoxon Mann-Whitney test.
Multivariate analysis was performed using linear regression
analysis. A p value < 0.05 was deemed significant. All anal-
yses were performed using Analyse-It software (Leeds UK).

Results

The cohort was representative of our safety net hospital colon
cancer screening/surveillance program. As noted in Table 1,
the Black and White cohort appeared well matched with re-
gard to gender, smoking status (ever smoker versus never
smoker), diabetes, or BMI although Blacks were slightly
younger consistent with the recent practice of screening
Blacks at an earlier age for colon cancer screening (4.2 year,
p=0.01) [10].

We assessed the rectal mRNA expression ACE2 and
TMPRSS2 in our cohort expression comparing clinical vari-
ables implicated in Covid-19 severity. In Table 2, we utilized
cycle threshold (CT) PCR value which are inverse of mRNA

Table 1T Demographic characteristic of Black and White cohorts.
Blacks appeared to be slightly younger (»p = 0.01) but no difference in
gender, body mass index (BMI), diabetes, and smoking history (ever
Versus never users)

Black (n = 45) White (n = 38) p value
Age mean (sd) 54.4 (6.8) 58.6 (7.6) 0.014
Gender male (%) 20 (44%) 17 (45%) 0.979
BMI (sd) 31.5(7.8) 31.1(10.2) 0.867
DM (%) 12 (27%) 6 (16%) 0.231
Smoker (%) 12 (27%) 10 (26%) 0.971
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Table 2 ACE2 and TMPRSS2 cycle threshold (inverse of mRNA
expression) in mucosal biopsy samples for dichotomous variables. Data
expressed in median and interquartile range (IQR)

ACE2 TMPRSS2

Median (IQR) p value Median (IQR) p value
Gender
Male 7.48 (3.69) 0.84 2.87 (4.29) 0.74
Female 7.74 (3.81) 3.69 (4.59)
Diabetes
No 7.64 (3.70) 0.84 3.57 (4.54) 0.60
Yes 7.54 (4.41) 2.19 (4.82)
Smoking
No 7.60 (3.81) 0.99 3.57 (4.77) 0.17
Yes 7.71 (3.72) 2.37 (4.24)

expression (i.e., the more PCR cycles needed to detect a signal
from a gene, the less starting mRNA is present). There was no
difference in either ACE2 or TMPRSS?2 levels with gender,
diabetes, or smoking. Body mass index (BMI) showed a weak
correlation with TMPRSS2 (r-squared = 0.068, p = 0.02) with
no other non-race variable including age found to be
significant.

We next focused on race (self-reported) and noted that the
median CT values for ACE2 in Blacks was 7.88 compared to
that in Whites which was 6.21, indicating lower gene expres-
sion. Figure 1 a shows mRNA expression in a box and whis-
ker plot. The p-value was 0.07 approaching but not achieving
conventionally statistical significance thresholds which may
be due to the biological variability in ACE2 expression.
Indeed, the interquartile range (IQRs) were large in both the
Black and especially the White cohorts (IQRs =2.34 and 4.18,
respectively). TMPRSS2 (Fig. 1b) mirrored ACE2 levels with
a dramatic downregulation with CT value with Whites being
4.16 (IQR =4.07) and Blacks was 0.52 (IQR = 4.29) and this
achieved statistical significance p-value of 0.03.

We next performed multivariable analysis of the demo-
graphic variables to further ensure that our findings of ACE2
and TMPRSS2 decrease in Blacks were not simply a result of
confounding by co-segregating risk factors. After controlling
for the factors obtained from patients (Table 1), we observed
that both ACE2 (p = 0.03) and TMPRSS2 (p = 0.02) indepen-
dently correlated with race. When the data was normalized to
the Whites, mean ACE2 and TMPRSS2 expression were
0.51- and 0.41-fold, respectively, lower in Blacks (Table 3).

Finally, we evaluated the correlation between ACE2 and
TMPRSS2 expression in the colonic mucosa. As noted in Fig.
2, TMPRSS2 expression was generally higher than ACE2.
There was a close correlation on a per-individual basis; there
was a strong correlation between the two in the colon (-
squared of 0.78 by Pearson).

Discussion

To our knowledge, this is the first report on ACE2 expression
in Blacks versus Whites from normal epithelial cell. We noted
that Blacks had lower levels of both ACE2 and TMPRSS2
expression. While the ACE2 approached but did not quite
achieve conventional statistical significance, reassuringly
using a multivariable model (with age, gender), it crossed
the statistical significance threshold. Furthermore, ACE2
closely mirroring with TMPRSS2 which did achieve statisti-
cal significance in both the univariable and multivariable
analyses.

The epidemiological data for racial disparities in Covid-19
is compelling. For instance, in a large cohort study in
Louisiana, Blacks with Covid-19 had a relative risk of 1.96
(95% confidence interval 1.62-2.37) of being hospitalized
when compared to Whites after adjusting for covariates (obe-
sity, age, sex, Charlson Comorbidity Index score, residence in
a low-income area, and insurance plan) [11]. Similarly, Azar
and colleagues noted that in 1052 confirmed cases, non-
Hispanic Blacks had a 2.7-fold higher risk of hospitalization
than non-Hispanic Whites even after adjusting for age, gender,
comorbidities, and income [12]. However, it is possible that
there may be residual confounding that might occur from so-
cioeconomic factors (living conditions, essential worker des-
ignation etc.). Racial health disparities (cancer, hypertension,
etc.) are generally related to both biological and socioeconom-
ic factors [2].

ACE2 is well established as the molecular receptor for the
novel Coronavirus. Using transgenic mice, it has been shown
that eliminating ACE2 markedly suppressed infections of
Covid-19. Thus, at first pass, ACE 2 data may seem paradox-
ical. However, there is emerging evidence that ACE2 down-
regulation may potentiate the severity of inflammation which
is a trigger towards ARDs and thus mortality from Covid-19.
ACE 2 is responsible for degrading a variety of pro-
inflammatory peptides such as angiotensin II. Increased an-
giotensin II leads to enhanced inflammation including macro-
phage activation with concomitant elaboration of interleukin
6, tumor necrosis factor alpha, and other inflammatory cyto-
kines [6]. Moreover, ACE2 also generates angiotensin 1-7
which has salutary effects interacting with the Mas receptor
to counteracting the pro-inflammatory effects of angiotensin I1
[6]. Rivellese and colleagues point out that ACE2 deficiency
may occur in the elderly providing one potential mechanism
for the higher mortality from Covid-19 [7]. Indeed, in exper-
imental models of pneumonia, ACE2 was protective against
severe inflammation induced by acid [13]. Furthermore, the
powerful survival advantage effects of immune suppressants
including the corticosteroid dexamethasone underscore the
hyper-immune response [14]. As pointed out by Zamai, the
role of ACE is complex with an “Adverse Axis” and the
ACE2 “Protective Axis” with Covid-19 infection disrupting
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Fig. 1 Impact of race on rectal
ACE2 and TMPRSS2 expression.
CT values (inverse of gene A
expression) normalized to the
mean of the Whites. Box and
whisker plot, median, and IQR,
blue line mean. a ACE2: Blacks
had a trend towards higher CT
values (inverse of gene
expression) and hence lower gene
expression when compared to
Whites (p = 0.072). b TMPRSS2:
Blacks had a higher CT values
(inverse of gene expression) and
hence lower gene expression
when compared Whites (p =
0.028) 8

ACE2 CT (normalized to Whites)

TMPSS2 CT (normalized to Whites) O

p=0.07

T

Black White

T P=0.03 T

the Yin-Yang leading to the vasoconstriction, inflammation
etc. that characterizes serious/lethal infections [15].

One important caveat is that the epidemiology suggests that
both the case fatality rate and prevalence of infection are
higher. Our data suggests that ACE2 suppression may in-
crease severity but would not explain increased prevalence
of Covid-19 in Blacks. Indeed, since ACE2 is necessary for
Covid-19 access to epithelium, this downregulation in Blacks
would be predicted to and loss of ACE2 seems to decrease risk
of infection. Similarly, since TMPRSS2 acts on the coronavi-
rus Spike protein to allow virus internalization and thus sup-
pression would also be anticipated to decrease risk of

Table 3  Multivariable analysis of ACE2 and TMPRSS2 mRNA in
Blacks expressed as % of White. This was adjusted for age, BMI,
diabetes, and smoking. Both ACE2 and TMPRSS2 were significantly
decreased

mRNA expression in Blacks (% White) p value
ACE2 51% 0.03
TMPRSS2 41% 0.02

@ Springer

Black White

infection. Interestingly, ACE2 rectal levels did not parallel
other Covid-19 severity risk factors (obesity, age, smoking
status etc.) leading to the speculation of distinct modalities
involved in racial differences [16].

The mechanisms of rectal mucosal ACE2 downregulations
in Blacks is unclear. The determinants of ACE2 levels may be
influenced by genetics (e.g., single-nucleotide polymor-
phisms) and epigenetics (e.g., methylation) both of which
have shown to be common themes in racially distinct gene
expression. From a genetic perspective, there are a number
of single-nucleotide polymorphisms (SNPs) that have been
shown to racially segregate [17]. SNPs can lead to altered
protein levels through alterations in regulatory units, splice
sites etc. Additionally, ACE2 levels have been shown to be
impacted by epigenetics including methylation [18]. For SNPs
which are clearly racially mediated, several lines of evidence
indicate that racially mediated methylation is noted in cancer
disparity studies [19].

These findings are consistent with data from Chen et al.
where aging, a key risk factor for severity, was associated with
a decreased tissue ACE2 level [20]. Our data is in contradis-
tinction to ACE2 increase in sputum of asthmatics which
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Fig. 2 Correlation between 12 9

ACE2 and TMPRSS?2 in per
patient colonic mucosa. Patient
ACE2 and TMPRSS?2 cycle
threshold was closely correlated
(Pearson’s r = 0.78)

10

ACE2 CT

showed higher ACE2 expression [21]. However, in this study,
once patients were given inhaled corticosteroids, the racial
difference abated suggesting this was a result of inflammatory
rather than epithelial expression but this was removed with
inhaled steroids suggesting non-epithelial drivers [21].

For the use of rectal biopsies as a sample of convenience,
we acknowledge that bronchial epithelium might be more
relevant. However, GI manifestations are frequent (~ 20% in
Covid-19 infections) and includes diarrhea, vomiting, and an-
orexia. Additionally, ~ 50% of patients have viral RNA de-
tectable in feces. Moreover, there is evidence of GI manifes-
tations frequently parallel in overall disease [9]. With regard to
ACE2, its expression at both the mRNA and protein level in
intestinal tissue is strongly relative to many other sites [8, 22].
While it is logical to extrapolate that the processes that drive
ACE2 expression (SNPs, methylation) in the GI tract should
have a more ubiquitous impact, this needs to be empirically
corroborated. In this regard, some recent data suggests that
factors that may impact ACE2 levels (age, obesity etc.) impact
multiple epithelial sites [20]. Moreover, recent single cell
RNA sequencing study showed co-expression of ACE2 and
TMPRSS2 mirrored in several tissue types including respira-
tory tree and colon [23]. These authors also demonstrate that
TMPRSS2 was only expressed in a subset of ACE2-positive
cells supporting the role of other proteases and indicating the
primacy of ACE2 for Covid-19 infection [23].

Other limitations include the modest sample size which
precluded univariable (p = 0.07) analysis achieving statistical

T T T T T T 1

-2 0 2 4 6 8
TMPRSS2CT .

significance, but the multivariable analysis is reassuring.
Other putative confounders such as hypertension or medica-
tions which may modulate ACE2 expression (e.g., ARBs have
been shown to increase cardiac ACE2 levels) were unable to
be assessed [24]. In addition, the relative importance of these
biological factors versus socioeconomic remains to be deter-
mined [25]. Blacks are known to have many more under-
lying medical issues associated with Covid-19 susceptibil-
ity (obesity, diabetes, hypertension, etc.) [2]. While our
data used multivariable analysis to address confounders,
we were only able to adjust for a limited number of vari-
ables leading to the possibility of unmeasured con-
founders. From a socioeconomic perspective, issues like
more frequency of needing to work (essential workers in
pandemic) and less ability to socially distance also may
play a role in this disparity. However, there is precedence
for biological factors involved with Covid-19 severity. For
instance, a recent genome-wide association study indicated
that blood types are associated with severity risk of Covid-
19 [26]. Importantly, it is well established that there are
significant differences in blood types by race [27]. It needs
to be reiterated that our data does not indicate the relative
contributions of biological versus socioeconomic factors in
the higher mortality of Covid-19 in Blacks. Indeed, it is
conceivable that socioeconomic and biological factors may
act in combination to foster Covid-19 disparities through
the chronic downregulation of ACE2 expression leading to
more severe sequelae of infection.
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In summary, we demonstrate that ACE2 levels are de-
creased in Blacks providing the potential insights in biological
underpinnings of Covid-19 racial disparities. This may offer
new vistas in mitigating Covid-19 toll on vulnerable popula-
tions (i.e., potential druggable pathways) which needs to be
implemented in conjunction with efforts targeting the socio-
economic and co-segregating risk factors (obesity, hyperten-
sion, smoking etc.) which are likely contributors to these

disparities.
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