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Altered plasma levels of the SARS-
CoV-2-related proteins ACE2 and 
TMPRSS2 in patients with Crohn’s 
disease
Jorge Sáez-Leyva1,2,9, Matthew P. Lennol1,2,3,9, Carlos Avilés-Granados1,2,4,  
María-Salud García-Ayllón1,2,5, Ana Gutiérrez4,6,7, Rubén Francés4,7,8 &  
Javier Sáez-Valero1,2,4

The SARS-CoV-2 coronavirus infects cells through the cellular receptor angiotensin-converting enzyme 
2 (ACE2), and the protease TMPRSS2 for the priming of viral spike protein. Thus, changes in these 
key proteins due to chronic conditions can increase risk for SARS-CoV2 infection; but significance of 
changes may differ is these changes correspond to full-length species or proteolytic fragments. Here, 
we determined that full-length ACE2 decreased in the plasma of uninfected Crohn’s disease (CD) 
patients before treatment onset compared to controls. TMPRSS2 is mostly presented in plasma as 
full-length species and as an active peptidase fragment, but also as a prodomain fragment, which is the 
unique species remarkably decreased in plasma from CD patients. Patients treated with the anti-TNFα 
adalimumab showed recovery in ACE2 levels, while those treated with infliximab, or with the anti-
IL-12/23 ustekinumab, still displayed a decrease in full-length species, as well as in cleaved fragments. 
Patients treated with azathioprine displayed similar ACE2 levels to that of controls, except a decrease 
in one of the ACE2 fragments. Uniquely, patients treated with azathioprine or with ustekinumab 
showed partial recovery in the reduction of the TMPRSS2-prodomain fragment characterized in 
treatment-naïve patients. Our data suggest that CD and common therapies are not related to 
increased susceptibility for SARS-CoV-2.
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Background
Crohn’s disease (CD) is, together with ulcerative colitis (UC), a type of a condition known as inflammatory bowel 
disease (IBD), a chronic inflammatory disorder of the gastrointestinal tract responsible for intestinal lesions. 
At present, all therapeutic interventions in IBD target inflammation, but are unable to reverse chronic bowel 
wall damage once it has emerged. Treatment is classically determined based on the severity of symptoms as a 
step-up approach, with the use of mesalamine (5-aminosalicylic acid) and thiopurines (azathioprine) occurring 
before considering biologic agents, such as monoclonal antibodies targeting tumor necrosis factor-α (TNFα) or 
interleukins1; however, increasing data suggest that early biologic treatment is required to prevent longer-term 
adverse events.
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The SARS-CoV-2 coronavirus infects human cells through the cellular receptor angiotensin-converting 
enzyme 2 (ACE2), and the serine protease TMPRSS2 for the priming of viral spike protein (reviewed in2; but 
is not well known whether key proteins involved in SARS-CoV-2 infection are altered in association with IBD 
pathology. Both ACE2 and TMPRSS2 are expressed throughout the gastrointestinal tract3; in particular, ACE2 
is expressed largely in the colon and the terminal ileum4, and a striking expression of ACE2 on the small bowel 
enterocyte brush border could support intestinal infectivity by SARS-CoV-25. Nonetheless, ACE2 presents 
heterogeneous expression patterns in the gastrointestinal tract4. In this context, ACE2 and TMPRSS2 are 
reportedly associated with the IBD condition; however, no consensus has been reached yet, with ACE2 and 
TMPRSS2 mRNA expression also varying by region in inflamed gut segments5. Thus, even though inflammation 
appears as a key determinant of expression of ACE2 and TMPRSS2 in patients presenting with IBD, there are 
variances among anatomic location3.

Most of the studies about potential changes in ACE2 or TMPRSS2 in IBD patients are based on expression 
analysis or do not discriminate between species. To decipher whether altered levels of these proteins are 
associated with increased vulnerability to viral cell entry it is necessary to study the levels of the different forms 
of ACE2 and TMPRSS2, as well their circulating levels, particularly of ACE2.

The transmembrane protein ACE2 is cleaved through constitutive and regulated shedding by metalloprotease 
ADAM176, whereas transmembrane TMPRSS2 undergoes autoproteolytic cleavage at the ectodomain to acquire 
proteolytic activity7. Thus, soluble species of ACE2 can be detected in human plasma8, and TMPRSS2 has been 
described in human semen9; but interestingly, for both proteins, a significant proportion of non-truncated full-
length species co-exist in fluids with cleaved fragments. The circulating levels of full-length species would mirror 
tissue changes during IBD, but dysregulation in membrane shedding may also occur.

Increased levels of membrane-bound ACE2 on mucosal surfaces could increase susceptibility to SARS-
CoV-2 cell entry, while increased plasma ACE2 fragments may competitively inhibit circulating coronavirus. 
Moreover, it is also necessary to distinguish between the soluble full-length form and cleaved fragments of 
TMPRSS2, because, as mentioned above, only the latter are the active species, whose increased levels could 
reflect a higher vulnerability to SARS-CoV-2 infection. Therefore, it is of interest to conduct an analysis using a 
technique that allows the separation and quantification of co-existing ACE2 fragments and soluble full-length 
forms in plasma, such as western blotting, in order to distinguish whether changes are derived from increased 
expression or result from altered proteolytic processing.

In this study, we aimed to determine the levels of full-length and cleaved fragments of both ACE2 and 
TMPRSS2 in plasma from uninfected CD patients. We conducted the analysis by western blotting revealing 
the proteins with antibodies against the ectodomain and the intracellular domain, validating the co-existence 
of fragments and soluble full-length forms of ACE28,10, and demonstrating for the first time that TMPRSS2 is 
also present in human plasma as fragments and full-length species. We sought to assess whether these plasma 
ACE2 and TMPRSS2 species are altered in CD patients at diagnosis, prior treatment, and, in a second cohort, in 
patients under biological and non-biological treatments.

Results
Characteristics of patients
Patients diagnosed with CD and followed at Hospital General Universitario Dr Balmis de Alicante (Spain) and 
healthy donors were considered in this prospective observational study. Demographic data, clinical data and 
laboratory parameters of the subjects are described at the Material and Method section and in Table 1. Two 
cohorts were included, one of treatment-naïve CD patients and a second of CD patients under treatment with 
azathioprine (n = 8), adalimumab (n = 8), infliximab (n = 10) and Ustekinumab (n = 10) on monotherapy. No 
significant differences were present in clinical or analytical parameters between the treated IBD subgroups in 
the second cohort.

Full-length and cleaved fragments of ACE2 and TMPRSS2 co-exist in human plasma
We previously demonstrated in the human plasma8,10 and in the plasma of transgenic K18-hACE2 mice 
expressing human ACE211, the co-existence of cleaved fragments of ACE2 with several soluble full-length 
species. Here, we validated the identity of the circulating ACE2 species revealing plasma samples from non-
disease subjects with an ectodomain antibody, which recognizes full-length species and C-terminal truncated 
fragments, and a C-terminal antibody, which only recognizes full-length species (ACE2 is type I transmembrane 
protein; a schematic representation of ACE2 and epitopes for antibodies are represented in Fig.  1A). ACE2 
bands of ~ 95 and 100-kDa, as well as ~ 130 and 150-kDa bands were all immunoreactive to the ectodomain 
(polyclonal goat AF933) and C-terminal (rabbit polyclonal ab15348) antibodies, confirming their identity as 
full-length species (Fig. 1B). Two bands of ~ 70 and 75 kDa were immunoreactive to the ectodomain antibody 
AF933, however, they were not recognized by the C-terminal antibody (Fig. 1B); thus, they probably represent 
ACE2 cleaved fragments originated from ~ 20–30 kDa larger full-length species6,11.

TMPRSS2 has been also reported in human and mouse plasma7,12,13; however, most of these studies were 
conducted by enzyme-linked immunosorbent assay (ELISA) and did not address which species, active or non-
active, are present in circulation. TMPRSS2 is expressed as a single chain zymogen that undergoes autoproteolytic 
cleavage at the ectodomain, between residues 255–256 to acquire proteolytic activity7. The cleaved protease 
domain either remains linked to the prodomain via an interdomain disulfide bond or is shed, resulting in a 
membrane-bound fragment or a cell-free fragment7,9 (TMPRSS2 is type II transmembrane protein; a schematic 
representation of TMPRSS2 and epitopes for antibodies are represented in Fig. 1C). Plasma samples from non-
disease subjects were analyzed by western blotting with the 14437-1-AP antibody, recognizing a full-length 
TMPRSS2 of ~ 55  kDa and also fragments of ~ 25 and 35  kDa attributable, respectively, to the C-terminal 
peptidase domain and to the N-terminal prodomain that should correspond to the membrane-tethered 
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fragment (Fig. 1D). The identity of these fragments was corroborated revealing the plasma samples with the 
C-terminus antibody H00007113-M05 which recognizes 55 kDa full-length and the 25 kDa fragment, or with 
the N-terminus antibody OAAB04388 which recognizes the full-length and the 35 kDa fragment, confirming 
that this fragment is also present in plasma (Fig. 1D).

ACE2 and TMPRSS2 species are altered in plasma from CD patients before treatment onset
Next, we analyzed human plasma samples from CD patients prior to establishing a therapy, and from age-
matched non-disease controls, by quantitative fluorescent western blotting with the AF933 antibody, which 
detected ACE2 cleaved fragments and full-length forms (Fig. 2A). Interestingly, the levels of the circulating 95, 
100, 130 and 150 kDa full-length ACE2 species were lower in CD patients than in controls, whereas the cleaved 
70 and 75 kDa ACE2 fragments were not affected (Fig. 2B). As a result, the estimation of a quotient between the 
major 75-kDa fragment and the 100 kDa full-length form (75 kDa/100 kDa), from which the 75-kDa fragment 
would originate, gave the greatest discrimination between CD patients and controls (Fig. 2B). There were no 
significant differences in ACE2 values by gender, or smoking status in the control or CD groups, nor correlation 
with age. For CD patients, levels of ACE2 also failed to correlate with Crohn disease activity index (CDAI), 
Montreal scales, C-reactive protein (CRP) or hemoglobin. However, elevated numbers of leukocytes correlated 
with decreased levels of 95 kDa (ρ = -0.709; P = 0.019), 100 kDa (ρ = -0.709; P = 0.009), and 150 kDa (ρ = -0.758; 
P = 0.009) ACE2 full-length species.

TMPRSS2 was analyzed in plasma with the 14437-1-AP antibody, which detected the full-length, the 
peptidase-domain and the prodomain fragments (Fig.  2C). The levels of the full-length and the peptidase 
fragment remained unchanged, while the prodomain 35 kDa fragment resulted decreased compared to those in 
controls (Fig. 2D). The estimation of a quotient between the prodomain fragment and the full-length form gives 
a full discrimination between CD patients and controls (Fig. 2D). None of the clinical variables correlated with 
the decrease in the TMPRSS2 prodomain fragment.

Different pattern of plasma ACE2 and TMPRSS2 species in CD patients under different 
therapies
In plasma samples from a second CD cohort, we evaluated the impact of non-biological and biological 
medication on the levels of circulating ACE2 and TMPRSS2 species. The levels of ACE2 (Fig. 3A) and TMPRSS2 
species (Fig. 3B) were estimated as described above in the plasma from CD patients treated with azathioprine or 
on therapy with anti-TNFα, infliximab or adalimumab, or on anti-p40 subunit of IL-12 and IL-23, ustekinumab, 
compared to healthy controls. This control group was recruited during the same period and samples were 
analysed in the same blots that the obtained from treated CD patients.

Patients on azathioprine therapy only displayed reduced levels of the major ACE2 fragment of 75 kDa as 
compared with controls, while soluble full-length species, which are the most affected before treatment onset, 
remained at similar levels as controls (Fig. 3A). Regarding TMPRS22, the remarkable decrease in the prodomain 

Group Age (y) Gender Weigh Smoker Alb (g/dL) Hb (g/dL) Htc % WBC (per µL) CRP (mg/dL) CDAI Mntr A Mntr L

(A) CD patients before treatment onset

 Ctrln = 10 34 ± 1 [30–38] 4 m/6f 62 ± 4 6n/4s(1) 4.5 ± 0.1 13.9 ± 0.3 42.5 ± 0.9 6320 ± 742 0.17 ± 0.07 n.a. n.a. n.a.

 CD
n = 10 35 ± 1 [32–39] 4 m/6f 75 ± 4* 3n/7s(3) 4.3 ± 0.1 13.4 ± 0.3 41.1 ± 0.7 7665 ± 895 0.65 ± 0.23 67.5 ± 8.9 2.0 ± 0.1 2.2 ± 0.2

(B) CD patients under treatment

 Ctrln = 17 30 ± 1 [26–38] 7 m/10f 67 ± 3 14n/3s(0) 4.4 ± 0.1 13.7 ± 0.2 42.0 ± 0.7 5195 ± 331 0.17 ± 0.07 n.a. n.a. n.a.

 Azath
n = 8 34 ± 4 [23–54] 4 m/4f 68 ± 6 5n/3s(2) 4.2 ± 0.1 13.6 ± 0.4 41.5 ± 1.3 6124 ± 811 0.54 ± 0.32d 67.5 ± 8.9d 1.9 ± 0.1 1.9 ± 0.2i

 Inflix
n = 10 39 ± 5 [20–73] 7 m/3f 67 ± 4 6n/4s(0) 4.1 ± 0.1 13.8 ± 0.4 41.9 ± 1.1 9906 ± 1602*,u 0.81 ± 0.32* 57.9 ± 12.1 2.0 ± 0.2 2.9 ± 0.2z, u

 Adal
n = 8 36 ± 3* [32–39] 4 m/4f 71 ± 3 4n/4s(1) 4.1 ± 0.2 14.1 ± 0.5 41.1 ± 1.5 6215 ± 535 0.26 ± 0.07 79.1 ± 6.7 1.9 ± 0.1 2.3 ± 0.3

 Ustek
n = 10 42 ± 5* [24–67] 3 m/7f 69 ± 4 5n/5s(1) 4.1 ± 0.2 12.9 ± 0.7 39.7 ± 1.7 5810 ± 499i 0.29 ± 0.13 73.8 ± 12.3 2.3 ± 0.2 2.0 ± 0.3i

Table 1. Demographic, clinical data and laboratory parameters of patients with CD. The data represent the 
means ±SEM, and for age the range of values is also indicated. All the pathological groups were compared with 
an age-matched control group obtained during the same period. Both cohorts are from the same Hospital, 
but composed by different patients. Ctrl: non-disease controls patients; Azath: CD patients treated with 
azathioprine; Inflix; CD patients treated with infliximab; Adal: CD patients treated with adalimumab; Ustek: 
CD patients treated with ustekinumab. Smoker are referred to patients that are (or were) cigarette smocking [n: 
non-smokers; s: smokers (ex-smokers)]. Alb: albumin; Hemoglobin: Hb; Hematocrit in percentage by volume 
(%); WBC: white blood cells or leukocyte count; C-reactive protein (CRP); CDAI: Crohn disease activity 
index, Mntr A: Montreal scale A; Mntr L: Montreal scale L; n.a.: non-available. Significantly different (P< 
0.05) from *control group; and in the CD patients different from zazathioprine; iinfliximab; dadalimumab; or 
uustekinumab.
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fragment noticed in patients before treatment onset patients using azathioprine displayed a partial recovery 
(Fig. 3B).

Patients treated with adalimumab showed similar levels for all ACE2 species when compared with controls, 
while patients treated with infliximab displayed decreased levels for full-length species, similar to patients before 
treatment onset, and also in ACE2 fragments (Fig. 3A); these patients displayed elevated levels of leukocytes 
(per µL; Control: 5195 ± 331; Infliximab: 9906 ± 1602) and CRP (in mg/dL; Control: 0.17 ± 0.07; Infliximab: 
0.81 ± 0.32) (see Table 1). Patients treated with both adalimumab or infliximab showed TMPRSS2 levels similar 
to untreated patients with decreased levels of the prodomain fragment (Fig. 3B).

Similar to infliximab-treated CD, patients treated with ustekinumab showed decreased levels for ACE2 full-
length species and for the 70 kDa fragments (Fig. 3A). Regarding TMPRSS2, a partial recovery in their levels was 
observed, resulting similar to the levels in control subjects (Fig. 3B).

Discussion
In this study, we found that two key proteins involved in SARS-CoV-2 infectivity, ACE2 and TMPRSS2, are 
altered in the plasma from CD patients. Indeed, it has been suggested that the presence of inflammation is a 
key determinant for ACE2 and TMPRSS2 expression in patients presenting IBD. Previous in vitro experiments 
demonstrated that treatment of human induced pluripotent stem cell-derived cardiomyocytes with TNFα 
increased the expression of ACE2 and TMPRSS214, as well as exposure of human umbilical vein endothelial 
cells to TNFα resulted in increased ACE2 expression15. However, other studies using cultured primary human 
bronchial epithelial cells indicated that the interleukin IL-13 decreases ACE2 expression16.

The existing studies about the influence of the IBD condition on ACE2 and TMPRSS2 are also controversial. 
Using microarray transcriptomics, it has been reported that ACE2 levels were consistently reduced in small 
bowel from CD patients, whilst appearing elevated in colonic UC17. By mining information from databases, 
intestinal ACE2 expression was also seen to be downregulated in the ileum of CD patients and upregulated in 
the colon of both CD and UC patients18. ACE2 gene expression was also significantly decreased in inflamed 

Fig. 1. Characterization of ACE2 and TMPRSS2 species in human plasma. (A) Schematic representation 
of ACE2 as a transmembrane type I protein and of the epitopes recognized by the antibodies used for it 
characterization (not drawn to scale). The carboxypeptidase and the transmembrane (TM) domains are 
represented. (B) Representative plasma samples from non-disease controls were immunoblotted with the 
antibodies AF933 (ectodomain) and the ab15348 (C-terminus). The C-terminus antibodies only recognize 
the full-length ACE2 which retains the C-terminal domain. The 70 and 75 kDa ACE2 immunoreacrive 
species lacking the C-terminal domain were identified as cleaved fragments, whereas 95, 100, 130 and 
150 kDa were assigned as full-length forms. (C) Schematic representation of TMPRSS2 as a transmembrane 
type II protein and of the epitopes recognized by the antibodies used for it characterization (not drawn to 
scale). The peptidase and the transmembrane (TM) domains are represented, and the localization of the 
interdomain disulfide bond that served to link to the membrane-tethered prodomain fragment is indicated. 
(D) Plasma samples from control individuals (not the same than in B) were immunoblotted with the 14437-
1-AP, an antibody that targets full-length TMPRSS2, recognizing a 55-kDa band and recognizes also the 
35 kDa membrane-tethered prodomain fragments (black arrowhead) and the 25 kDa peptidase ectodomain 
(grey arrowhead). The same samples were also blotted with H00007113 (C-terminus) or the OAAB04388 
(N-terminus) antibodies, confirming the identity of peptidase and prodomain fragments. (*) A smaller ~ 22-
kDa band was attributed to a nonspecific reactivity, since it was immunoreactive to both the anti-C-terminal 
antibody and the anti-N-terminal antibody.
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Fig. 2. Levels of ACE2 and TMPRSS2 species in plasma from individuals affected by CD prior to treatment 
onset and from healthy controls. (A) Representative plasma samples from healthy controls (Ctrl; n = 10) 
and from patients with CD (n = 10) were immunoblotted with the anti-ACE2 antibody AF933 (epitope: 
ectodomain). (B) The densitometric quantification of the cleaved 70 and 75 kDa ACE2 fragments, and full-
length 95, 100 and 130 and 150 kDa species are shown. The relation between the 75 kDa fragment and the 
100 kDa full-length was obtained, for each sample, by dividing the level of immunoreactivity of the 75-kDa 
band by the level of immunoreactivity of the 100-kDa band. The quotient (75 kDa/100 kDa) is represented. 
(C) The same plasma samples from controls and CD patients were immunoblotted with the anti-TMPRSS2 
antibody 14437-1-AP (epitope: full-length protein). (D) Densitometric quantification of the full-length species 
(55 kDa), the peptidase fragment (25 kDa), and the prodomain fragment (35 kDa) are shown. The quotients 
between the prodomain fragment and the full-length species (35 kDa/55 kDa) are also shown. The figure 
shows the means ± SEM; the significant P value are also indicated.
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CD ileum, whereas colonic ACE2 was higher in inflamed colon of CD/UC patients19. Other studies failed to 
demonstrate changes in expression of ACE2 and TMPRSS220–22. Overall, proteomic and transcriptomic analysis 
using intestinal tissue biopsy samples appears to be poorly informative regarding whether the IBD condition 
confers high susceptibility for SARS-CoV-2 cell entry, maybe due to the variances in the anatomical location of 
ACE2 and TMPRSS2 intestinal expression3.

In this complex scenario, we aimed to characterize and determine the levels of ACE2 and TMPRSS2 species 
in plasma from CD patients to obtain a more “systemic perspective” about changes in the proteins and infer 
vulnerability to COVID-19. We performed the analysis thoroughly through the biochemical characterization 
of the different species of ACE2 and TMPRSS2 present in circulation. In a previous study, circulating ACE2 
activity, estimated by a enzymatic assays, was higher in patients with IBD compared to controls23, but enzymatic 
determination cannot discriminate between the different ACE2 species identified in circulation. Elevated levels 
of plasma ACE2 full-length species can reflect increased tissular levels which determine vulnerability to viral cell 
entry, but elevated levels of fragment are not indicative of risk. Whereas, elevated levels of the active TMPRSS2 
fragment also indicate major susceptibility for infection.

In this study only ACE2 full-length species appeared significantly decreased in the plasma of untreated CD 
patients, as compared with age-matched controls, while levels of cleaved fragment remained unaltered. All the 
existing ACE2 full-length species, presumably glycoforms synthesized by different tissues or cell types, exhibited 
the same trend. Decreased levels of soluble full-length ACE2 may reflect decreased overall tissular expression or 
enhanced ACE2 shedding mediated by IBD condition. Indeed, the quotient between ACE2 fragment and ACE2 
full-length species (75 kDa/100 kDa) was found to discriminate between CD patient and control subjects.

ACE2 contributes to the proliferation of intestinal stem cells and hence orchestrates mucosal homeostasis24, 
and ACE2 deficiency has been associated with oxidative stress and impaired endothelial function in cerebral 
arteries25. Moreover, ACE2 plays a role in amino acid transport26, particularly in regulating intestinal tryptophan 
transport and maintenance of systemic metabolism27. Our data confirms that the occurrence of IBD is significantly 
affecting ACE2 levels and may impair its functions, which may be related with local inflammation by failing in its 
tissue protective function, thus deteriorating maintenance of structural and functional gut integrity.

Fig. 3. Levels of ACE2 and TMPRSS2 species in plasma from individuals affected by CD under biological 
or non-biological therapies. Plasma samples from healthy controls (Ctrl; n = 17) and from CD patients 
treated with azathioprine (Azath), infliximab (Inflix), adalimumab (Adal), or ustekinumab (Ustek), were 
immunoblotted with the anti-ACE2 antibody AF933 (A), or with the anti-TMPRSS2 antibody 14437-1-AP 
(B). Representative blots are shown. The densitometric quantification of the ACE2 and TMPRSS2 species were 
determined, and the ACE2 75 kDa/100 kDa and the TMPRSS2, 35 kDa/55 kDa, quotients were estimated as 
described in Fig. 2. The figure shows the means ± SEM; P values are also shown (ns: non-significant).

 

Scientific Reports |        (2024) 14:30346 6| https://doi.org/10.1038/s41598-024-81810-3

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Regarding TMPRSS2, a biochemical characterization of the changes in circulating species in CD is also needed 
because different species, active and non-active, can co-exist in plasma. In our analysis, the only species affected 
in plasma from CD patients is the decreased prodomain (non-active) fragment; and subsequently the quotient 
between full-length vs. prodomain fragment (35  kDa/55  kDa) resulted altered. The TMPRSS2 prodomain 
fragment is originally a membrane-tethered fragment, and the full-length species is presumably a membrane-
resident protein. Activation by zymogen cleavage occurs before reaching the cell surface as described in diverse 
human cell lines over-expressing TMPRSS2, but in all cell extracts the most abundant species is the uncleaved 
zymogen28. Species attributable to proteolytic unprocessed full-length TMPRSS2 have also been identified in 
cellular media7. Thus, to find circulating TMPRSS2 full-length species, in addition to the cleaved protease-
ectodomain fragment, was not surprising; however, the presence of a prodomain fragment that should be a 
membrane-tethered fragment was not expected, although similar fragments have been identified for proteins 
such as amyloid precursor protein (APP)29. The mechanisms by which these membrane-tethered fragments 
reached the plasma is unknown.

Here, we have described changes in circulating ACE2 and TMPRSS2 before treatment onset, but most 
patients with IBD are under treatment, and the different therapies can differentially affect these proteins. Thus, 
for instance, in THP-1 macrophages anti-TNFα antibodies downregulated ACE2 expression and increased 
a protease ratio TMPRSS2/TACE; and ACE2 levels were also lower in the plasma from rheumatoid arthritis 
patients on anti-TNFα treatment compared to healthy controls30. In a previous study, commonly used IBD 
medications, both biological and non-biological, did not significantly impact ACE2 and TMPRSS2 expression 
in the uninflamed intestines5. However, another study reported downregulated colonic ACE2 expression in anti-
TNFα therapy in IBD patients responding to treatment18. None of these studies addressed plasma levels or 
altered proteolytic processing by assessing full-length and cleaved fragments.

Azathioprine is the immunomodulator of choice for moderately active CD and is expected to reduce 
associated inflammation, but its effectivity for maintenance of remission in CD is limited31, particularly when 
used alone32. In our study, patients treated with azathioprine showed recovery in full-length ACE2 species, 
but also displayed a decrease in one of the ACE2 fragments when compared with controls, suggesting that the 
recovery in full-length ACE2 may be mediated by thiopurine modulation of ACE2 proteolytic processing.

Biological therapy has transformed the management of IBD patients. Treatment with anti-TNFα adalimumab 
showed recovery in full-length ACE2 species, but patients treated with anti-TNFα infliximab still displayed a 
decrease in full-length species, and also showed decreases in cleaved fragments. Patients treated with ustekinumab 
still displayed a decrease in full-length species, accompanied by a decrease also in one of the cleaved fragments. 
It is important to note that patients treated with infliximab showed the highest levels of CRP and leukocytes, 
therefore the difference in ACE2 levels when compared with adalimumab could be due to the patients and not 
to the use of different anti-TNFα biologic agents. Overall, our interpretation about apparent divergent outcomes 
is hindered by the lack of data at baseline from the different patients under different therapies. It is plausible 
that the basal affectation of ACE2 patients treated with biological treatments was more pronounced than that 
in those treated with azathioprine. Whether patients treated with adalimumab noticed minor basal ACE2 
downregulation, or if there is a more efficient restoration of its expression should be clarified, but modulation of 
ACE2 processing is also presumed by biological therapy.

Regarding TMPRSS2, only patients treated with azathioprine or with ustekinumab showed partial recovery 
in the reduction of the TMPRSS2 prodomain fragment characterized in CD patients before treatment onset. 
Patients treated with adalimumab or infliximab still displayed decreased levels of the TMPRSS2 prodomain 
fragment compared with controls, where patients treated with infliximab showed the lowest levels, once again 
suggesting that basal levels may be different in the patients’ subgroups.

This study has several limitations, including the use of electrophoresis/western blotting, a technique with 
lower reproducibility than more quantitative analysis such as ELISA. Nonetheless, the method served to detect 
subtle changes in specific species, reflecting exact outcomes of processing. Moreover, we used quantitative 
fluorescent western blotting, a more sensitive technology than the more widely used chemiluminescent 
methods. However, this approach still has limitations. For example, limited numbers of samples can be analyzed 
at one time. Furthermore, the limited size of the cohort and the lack of inclusion of longitudinal samples from 
same patients prior and during therapy are also study limitations. Age, gender and many other factors, such as 
smoking, could potentially influence plasma ACE2 levels33–35. The small size of the subgroup can determine 
potential loss of statistical power when considered gender and smoking status. Effect of age was prevented due 
that CD and controls groups where composed by individuals with similar age and reduced age interval.

Furthermore, it is relevant to note, that renin-angiotensin-aldosterone system (RAAS) is vital for blood 
pressure homeostasis, and RAAS blockers may potentially upregulate ACE236,37; as well ACE2 is critical for 
renal homeostasis, but CD patients included in this study displayed normal blood pressure and no renal 
affectation. Common medication such as NSAIDs can also influence ACE2 levels38, although this has been 
refuted39. Anyhow, transcriptomic datasets indicates that chronic use of multiple medications may result in 
an additive increase in the expression of ACE2 and TMPRSS240. Steroids may also influence ACE241. Anyhow, 
no concomitant medication or steroids were used in treated CD patients and healthy controls were not taken 
NSAIDS. Therefore, described altered plasma levels of ACE2 and TMPRSS2 should be attribute to the CD 
condition.

In conclusion, although IBD patients treated with immune-suppressing therapies may be more exposed 
to infections, decreased circulating levels of ACE2 and TMPRSS2 species do not seem to be associated with 
increased risk for SARS-CoV2 through these key proteins for coronavirus cell entry process. Further studies 
addressing which species of ACE2 and TMPRSS2 could be altered in plasma from IBD patients infected by 
SARS-CoV2 can improve our knowledge about the role of these proteins in virus infectivity and whether this 
condition confers high susceptibility to SARS-CoV-2 cell infectivity.
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Methods
Patients and plasma samples
Patients were diagnosed according to standard clinical, endoscopic, histological and radiographical criteria42. 
Clinical, analytical and demographic features of patients at inclusion were collected (see Table  1). Patients 
included in the study displayed normal blood pressure, heart rate and no renal affectation. Exclusion criteria 
were active disease, defined as disease activity index (CDAI) > 150 and presence of clinical symptoms of relapse, 
the use of antibiotics in the previous 4 weeks, signs of active infection and refusal to sign informed consent to 
participate in the study. Patients on steroids were also excluded.

All included patients were provided with diaries to record their symptoms a week prior to inclusion in the 
study. CD activity was evaluated by clinical scales (Montreal Classification A, CDAI) and endoscopic scales 
(Montreal Classification L).

Peripheral blood samples from all patients and controls were collected at inclusion in EDTA tubes. Plasma 
was separated from whole blood by centrifugation at 3000×g for 15 min at 4 °C, then aliquoted and frozen at 
-80 °C until use.

All included patients and controls signed an informed consent to participate in the study and the Ethics 
Committee of Hospital General Universitario Dr Balmis de Alicante approved the study protocol. All the 
experiments were performed in accordance with relevant guidelines and regulations.

Determination of ACE2 and TMPRSS2 in plasma samples by quantitative fluorescent western 
blotting
ACE2 and TMPRSS2 species were detected by fluorescent-based imaging after sodium dodecyl sulphate-
polyacrylamide gel electrophoresis (SDS-PAGE) and western blotting. This technique provides a wider linear 
dynamic range than chemiluminescent detection43 including a greater upper linear range of detection44. 
Plasma samples (0.4 µL loaded) were heated in reducing Laemmli SDS sample buffer (Thermo ScientificTM) 
for 5 min at 100 °C, and were then resolved on 7.5% for ACE2, and 12% for TMPRSS2, SDS-PAGE gels (Mini-
PROTEAN® TGX™ Precast Gels; Bio-Rad) and transferred to 0.2  μm nitrocellulose membranes (Bio-Rad). 
Then, the membrane was blocked with Odyssey Blocking Buffer (PBS) and incubated for the 805 amino acids 
protein ACE2 with the antibodies raised against the ectodomain (amino acid residues 18–740) AF933 (R&D 
Systems; polyclonal goat, 1:200 dilution) or alternatively with the anti-C-terminus (immunogen: synthetic 
peptide corresponding to amino acid residues 788–805) antibody ab15348 (Abcam; rabbit polyclonal; 1:500 
dilution). TMPRSS2, a 492 amino acids protein, was resolved with the 14437-1-AP antibody raised against a 
recombinant protein containing the 108–492 amino acids (Proteintech; rabbit polyclonal; 1:1000 dilution), the 
anti-C-terminus antibody H00007113 raised against a recombinant protein containing the 383–492 amino acids 
(Abnova; mouse monoclonal; 1:500 dilution) or the anti-N-terminus antibody OAAB04388 raised against a 
synthetic peptide between the 1–30 amino acids (Aviva Systems Biology; rabbit polyclonal; 1:1000 dilution). 
Finally, blots were washed and incubated with the appropriate conjugated secondary antibodies (IRDye 800CW 
donkey anti-goat, IRDye 800CW goat anti-mouse, IRDye 680RD goat anti-mouse and IRDye 680RD goat anti-
rabbit, LI-COR Biosciences) and imaged on an Odyssey Clx Infrared Imaging System (LI-COR Biosciences). For 
quantitative analysis of ACE2 all blots were resolved with the AF933 antibody, which resolves all species, whilst 
the ab15348 antibody was used to define the truncated C-terminal fragments. To estimate the relative ratio of 
ACE2 species for each sample, the immunoreactivity was considered for each of the bands (see “Results” section). 
For quantitative analysis of ACE2 all blots were resolved with the AF933 antibody, and TMPRSS2 with 14437-
1-AP antibody. An aliquot of the same control plasma sample was resolved in all the blots used to normalize the 
immunoreactive signal between blots. All samples were analysed at least in duplicate in independent blots. Band 
intensities were analysed using LI-COR software (Image Studio Lite).

Statistical analysis
All data were analysed using SigmaStat (Version 3.5; SPSS Inc.). The Kolmogorov-Smirnov test was used to 
analyse the distribution of each variable. ANOVA was used for parametric variables and the ANOVA on Ranks 
test for non-parametric variables for comparison between groups. A Student’s t-test for parametric variables and 
a Mann-Whitney U test for non-parametric variables were employed for comparison between two groups, and 
for determining P values. For correlations, Spearman’s rank correlation test was used and significant correlation 
coefficient, ρ, are indicated. The results are presented as mean ± SEM.

Data availability
Data is available upon reasonable request to the corresponding authors.
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