S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Journal of Infection and Public Health 15 (2022) 1315-1320

Contents lists available at ScienceDirect

Journal of Infection
and Public Health

Journal of Infection and Public Health

journal homepage: www.elsevier.com/locate/jiph

Original article

Differential expression of carcinoembryonic antigen-related cell )
adhesion molecule-5 (CEACAM5) and dipeptidyl peptidase-4 (DPP4) with | %
detection of Middle East respiratory syndrome-coronavirus in peripheral
blood

Abdulkarim Alhetheel *”*, Ahmed Albarrag *", Zahid Shakoor *, Ali Somily *",
Mazin Barry *<, Hifa Altalhi *, Muhammed Bakhrebah ¢, Majed Nassar ¢, Mohamed Alfageeh ¢,
Ayed Assiri ¢, Sarah Alfaraj |, Ziad A. Memish &'

2 King Khalid University Hospital, Riyadh, Saudi Arabia

b Department of Pathology, College of Medicine, King Saud University, Riyadh, Saudi Arabia

€ Department of Infectious Diseases, College of Medicine, King Saud University, Riyadh, Saudi Arabia

d King Abdulaziz city for Science and Technology, Riyadh, Saudi Arabia

€ Critical Care Unit, Prince Mohammed Bin Abdulaziz Hospital, Ministry of Health, Riyadh, Saudi Arabia

f Corona Center, Prince Mohammed Bin Abdulaziz Hospital, Ministry of Health, Riyadh, Saudi Arabia

& Research and Innovation Center, King Saud Medical City, Ministry of Health, Riyadh, Saudi Arabia

" College of Medicine, Alfaisal University, Riyadh, Saudi Arabia

Hubert Department of Global Health, Rollins School of Public Health, Emory University, Atlanta, GA, USA

ARTICLE INFO ABSTRACT
ArtiC{e history: Background: Middle East respiratory syndrome-coronavirus (MERS-CoV) utilizes CD26 (dipeptidyl pepti-
Received 16 July 2022 dase-4) and CD66e or CEACAMS5 (carcinoembryonic antigen-related cell adhesion molecule 5) receptors for
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cell infection. Peripheral blood mononuclear cells (PBMCs) play a critical role in mounting adaptive immune
Accepted 6 October 2022

response against the virus. This study was performed to assess the expression of CD26 and CD66e on PBMCs
and their susceptibility to MERS-CoV infection.

Ié‘g’ggzrds' Methods: Surface expression of CD26 and CD66e receptors on PBMCs from MERS-CoV patients (n = 20) and
D26 healthy controls (n = 20) was assessed by flow cytometry and the soluble forms were determined by en-
CEACAMS zyme-linked immunosorbent assay (ELISA). MERS-CoV UpE and Orfla genes in PBMCs were detected by
DPP4 using Altona diagnostics reverse transcription polymerase chain reaction (RT-PCR) kit.

PBMCs Results: Mean fluorescent intensity (MFI) of CD66e was significantly higher on CD4 + lymphocytes
MERS-CoV (462.4 + 64.35 vs 325.1 + 19.69; p < 0.05) and CD8 + lymphocytes (533.8 + 55.32 vs 3924 + 37.73;
Saudi Arabia p < 0.04) from patients with MERS-CoV infection compared to the normal controls. No difference in MFI for

CD66e was observed on monocytes (381.8 + 40.34 vs 266.8 + 20.6; p = 0.3) between the patients and
controls. Soluble form of CD66e among MERS-CoV patients was also higher than the normal controls
(mean= 338.7 + 58.75 vs 160.7 + 29.49 ng/mL; p < 0.01). Surface expression of CD26 on PBMCs and its
soluble form were no different between the groups. MERS-CoV was detected by RT-PCR in 16/20 (80%)
patients from whole blood, among them 8 patients were tested in PBMCs, 4/8 (50%) patients were positive.
Conclusion: Increased expression levels of CD66e (CEACAM5) may contribute to increased susceptibility of

PBMCs to MERS-CoV infection and disease progression.
© 2022 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health
Sciences. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/li-
censes/by-nc-nd/4.0/).

* Correspondence to: Department of Pathology (32), College of Medicine and University Hospitals, King Saud University, P.0.Box: 2925, Riyadh 11461, Saudi Arabia.
E-mail addresses: aalhetheel@ksu.edu.sa, abdulkarimfahad@hotmail.com (A. Alhetheel).
! ORCID 0000-0002-50990714

https://doi.org/10.1016/j.jiph.2022.10.008
1876-0341/© 2022 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health Sciences. This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://www.sciencedirect.com/science/journal/18760341
www.elsevier.com/locate/jiph
https://doi.org/10.1016/j.jiph.2022.10.008
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jiph.2022.10.008
https://doi.org/10.1016/j.jiph.2022.10.008
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jiph.2022.10.008&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jiph.2022.10.008&domain=pdf
mailto:aalhetheel@ksu.edu.sa
mailto:abdulkarimfahad@hotmail.com

A. Alhetheel, A. Albarrag, Z. Shakoor et al.

1. Introduction

The Middle East Respiratory Syndrome coronavirus (MERS-CoV)
belongs to a group of Beta-coronaviruses that first emerged in the
Middle East, especially Saudi Arabia in 2012 [1]. The virus causes
severe lower respiratory tract infection with up to 30% mortality,
particularly in patients with co-morbidities [2], and has led to nu-
merous hospital outbreaks [3-10]. MERS-CoV is a zoonotic infection
that originated from bats [11]. Later, the virus was transmitted to
humans through dromedary camels, that are believed be the inter-
mediate hosts [12]. To date, the precise mechanism of animal to
human and/or human to human transmission is not clear. With
MERS-CoV circulating around the Arabian Peninsula and from there
spread worldwide to 27 countries, there are currently no authorized
vaccines or therapeutics presently available for clinical use [13]. The
clinical presentation of MERS-CoV infection ranges from asympto-
matic or mild disease, to critical illness resulting in acute respiratory
distress syndrome (ARDS) and multiorgan failure, the mechanisms
involved in disease pathogenesis is still not fully understood [14]. A
recent in-vitro study has shown that the spike protein of MERS-CoV
mediates infection by binding to CD26 (dipeptidyl peptidase-4
(DPP4) as well as CD66e (carcinoembryonic antigen-related cell
adhesion molecule-5 (CEACAM-5)) receptors on host cells surfaces
[15-17]. Additionally, blocking the interaction between the viral
spike protein and the cell surface CD26 or CD66e receptors with
specific antibodies, recombinant proteins, or small interfering RNA
(siRNA) could effectively block viral cell entry [18,19]. CD26 is a co-
stimulatory molecule involved in T cell activation, it is expressed on
many cell types including epithelial cells of many organs including
lungs, kidneys, thymus, intestine, liver, and activated T lymphocytes
in bone marrow [16,17,20]. On contrary, CD66e is a member of CD66
adhesion molecules family which has been shown to be involved in
cell differentiation, cell survival and apoptosis, and expressed on
epithelial cells as well as on leukocytes including T cells and
monocytes [17,21-23]. peripheral blood mononuclear cells (PBMCs)
including lymphocytes (CD4 T cells, CD8 T cells) and monocytes play
a vital role in controlling and clearing pathogens by their anti-mi-
crobial properties. They act as phagocytic and cytolytic cells. In ad-
dition, upon activation they produce various cytokines such as IL-1-a
and g, IL-6, IL-2, IL-12, IL-10, and IL-18, which serve to propagate the
adaptive immune responses. Moreover, they function as antigen
presenting cells [24-26]. The role of PBMCs in MERS-CoV patho-
genesis and subsequent spread to the internal organs remain un-
clear. Thus, we aimed to evaluate the expression levels of soluble and
surface CD26 and CD66e receptors on PBMCs from MERS-CoV in-
fected patients and compared them to that of healthy controls and
correlated it with the detection of MERS-CoV.

2. Material and methods

A cross-sectional observational study conducted between
December 2018 and December 2019 to assess the expression levels
of soluble and surface CD26 and CD66e receptors on PBMCs from
MERS-CoV infected patients and compared them to healthy controls.
Detection of MERS-CoV infection within whole blood and PBMCs
was also measured. A total of 20 (17 males and 3 females) MERS-CoV
infected patients were included. The mean age of patients was
50.6 + 17 years (range 25-93 years). Diagnosis of MERS-CoV infec-
tion was confirmed by detecting MERS-CoV UpE and Orfla genes
using RT-PCR. The most frequent symptom among the patients was
fever in 17 (85%) patients followed by cough in 13 (65%) (Table 1).
None of the patients received any antiviral, monoclonal antibodies or
immunosuppressive medications. A group of 20 healthy volunteers
were included in the study to act as controls. They were all males,
mean age was 36 + 11 years (range 26-68 years). All the controls
were screened for hepatitis B or C viruses (HBV, HCV), human
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Table 1
Details of MERS-CoV infected patients.

Patient # Age Gender Clinical signs and symptoms Outcome
P1 67 M Asymptomatic Survived
P2 45 M Fever, Nausea Survived
P3 83 M Fever, Cough, fatigue, chest pain Survived
P4 56 M Fever Survived
P5 44 M Fever & cough Survived
P6 61 M Fever & Rigors Died

P7 75 M Shortness of breath & Productive Survived

cough
P8 66 F Fever & cough Survived
P9 35 M Fever & cough Survived
P10 41 M Fever Survived
P11 93 M Vomiting, Diarrhea, Fever, Fatigue, Survived
Malaise

P12 40 M Fever, Shortness of breath, Cough Survived
P13 30 M Altered consciousness/confusion Survived
P14 71 F Fever, Cough, Diarrhea Died

P15 25 M Fever, Shortness of breath, Cough Survived
P16 43 M Fever & cough Survived
P17 42 M Fever, Shortness of breath, Cough Survived
P18 70 F Fever & cough Survived
P19 57 M Fever, Shortness of breath, Cough Survived
P20 73 M Fever, Fatigue, Productive cough, Died

Vomiting, Disorientation, Dysuria,
Hematuria

immunodeficiency virus (HIV) and human T-lymphotropic leu-
kaemia virus (HTLV) and were all negative. This study was approved
by the Institutional Review Board (IRB) Committee, research project
# E15-1625, and all patients and controls signed an informed
consent.

2.1. Soluble CD26 and CD66e using enzyme-linked immunosorbent
assay (ELISA)

Plasma samples were assayed for soluble CD26 and CD66e using
separate ELISA kits for CD26 (ab222872, Abcam, USA) and CD66e
(ab99992, Abcam, USA) in accordance with the instructions of
manufacturers. Briefly, 50 pL of each sample and serially diluted
standards provided were loaded into a 96-well CD26 or CD66e an-
tibody precoated plates. This was followed by incubation for 2 hours
(hrs) at room temperature. The plates were then washed 5 times
with the buffer and 50 uL of biotinylated anti-human monoclonal
antibody was added and incubated for 1 hr. The plates were washed
again 5 times with the buffer and 50 pL of streptavidin-horseradish
peroxidase conjugate was dispensed in each well and incubated at
room temperature for 30 minutes (min). After washing, 50 pL of
substrate solution (TMB) was added and finally the reaction was
stopped using 50 pL of H,SO,4 after 30 min. The colorimetric signal
was measured by absorbance at 450 nm using the Anthos Zenyth
200rt microplate reader (biochrom). The limit of detection for CD26
is 50 ng/mL whereas the detection limits for CD66e is 0.2 ng/mL.

2.2. PBMC isolation and cell surface staining

Whole blood was collected in 10 mL purple top vacutainer tubes
containing EDTA (BD Biosciences, Franklin Lakes, NJ, USA). PBMCs
were isolated from whole blood by density gradient centrifugation.
The blood was layered on top of 4 mL of Ficoll-Paque™ Plus (GE
Healthcare, Piscataway, NJ, USA) in 15 mL tubes and centrifuged for
30 min at 400g with the brake set to off. PBMCs were collected,
washed twice with sterile phosphate-buffered saline (PBS), re-
suspended in freezing medium (fetal bovine serum (GIBCO) with
10% dimethylsulfoxide (DMSO), and store at - 80 °C until further use.

For cell surface staining, PBMCs were thawed and washed three
times with PBS. Cells were counted and distributed equally (4 x10°
cells /| FACS tubes). Cells were then stained with CD66e-FITC
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(Abcam), CD26-PE (BD biosciences, USA), CD4-PE-Cy7 (Abcam), CD8-
APC (Abcam), CD14-PerCp (Meltini biotec, Germany) antibodies and
incubated in the dark for 20 min at 25 °C. The cells were then wa-
shed once and run using the BD Biosciences LSRII flow cytometry
(BD Biosciences, USA). Data were analyzed using FACS diva software
(BD Biosciences, USA). For CD66e and CD26 expression on mono-
cytes, the gating was performed based on CD14 positive within
monocytes gate. For CD66e and CD26 expression on lymphocytes,
the gating was performed based on CD4 positive or CD8 positive
within lymphocytes gate.

2.3. RNA extraction and MERS-CoV detection using RT-PCR

Total nucleic acid extractions from PBMCs performed using the
Nucleic Acid Isolation Kit I and the MagNA Pure Compact system
(Roche Applied Science) at default settings. Extractions were per-
formed on 1 x 10° / 200 pL of each specimen, with a final elution
volume of 50 pL. This was followed by reverse transcription of a
10 pL of the extracted RNA into cDNA using random primer. The
synthesized cDNA was then amplified and screened for detection
MERS-CoV genes (UpE and Orfla) using specific primers and probes
of the RealStar® altona diagnostics kit (Humburg, Germany), and
Rotor-Gene Q (Qiagen, Santa Clarita, CA). All patients were con-
firmed to have MERS-CoV infection by detecting both UpE and Orfla
genes from nasopharyngeal swab (NPS). For detection MERS-CoV
from whole blood and isolated PBMCs samples, a patient was con-
sidered positive if at least one gene (UpE or/and Orfla) was detected.

2.4. Statistical analysis

Data were collected and statistically analyzed using GraphPad
Prism 5 software. Non-paired two tails t-test was used for de-
termination of the statistical significance between the study groups.
A p £ 0.05 was considered statistically significant.

3. Results

3.1. Evaluation of soluble and surface CD26 and CD66e receptors
expression levels

We hypothesized that increased expression of CD26 and/or
CD66e receptors may contribute to MERS-CoV infection and asso-
ciated complications frequently observed in MERS-CoV patients such
as renal failure [27-30]. Thus, the surface CD26 and CD66e receptors
expression levels on PBMCs including CD4 + T cells, CD8 + T cells, and
CD14 + monocytes from the study groups were assayed using flow
cytometry (Figs. 1 and 2). Data for expression of CD66e are presented
in Fig. 1. There was a significant increase in the expression level of
surface CD66e receptors on CD4 + T cells (mean florescence intensity
(MFI) = 4624 + 6435, P < 0.05) and CD8 + T cells (MFI
533.8 £ 55.32, P < 0.04) but not on CD14 + monocytes (MFI =
381.8 + 40.34, P =0.3) from MERS-CoV patients compared to healthy
controls (CD4 + T cells; MFI = 325.1 + 19.69, CD8 +T cells; MFI=
392.4 + 37.73, CD14 + monocytes; MFI= 266.8 + 20.6). Fig. 2 shows
data for CD26 expression. There was no significant difference be-
tween surface CD26 expression of CD4 + T cells, CD8 + T cells, and
CD14 + monocytes between MERS-COV infected patients (CD4 + T
cells; MFI = 931.9 + 132.9, CD8 + T cells; MFI = 1134 + 122.6, CD14 +
monocytes; MFI = 883.1 + 121.1) and healthy controls (CD4 +T cells;
MFI = 819.4 + 106.2, CD8 +T cells; MFI = 902.1 + 144.4, CD14 +
monocytes; MFI= 643.5 + 72.23).

Fig. 3 shows data for assessment of soluble forms of CD26 and
CD66e. Significant elevation of soluble CD66e among MERS-CoV
patients (mean= 338.7 + 58.75ng/mL, P < 0.01) compared with
healthy controls (mean= 160.7 + 29.49 ng/mL) was observed
(Fig. 3A). The levels of soluble CD26 receptors between MERS-CoV
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Fig. 1. Surface CD66e receptor expression levels on PBMCs of patient study groups.
Isolated PBMCs of MERS-CoV patients (n=20) and healthy controls (CTL) (n =20) were
collected. The cells (4 x10°) were distributed in each FACS tubes and stained with
CD66e-FITC, CD4-PE-Cy7, CD8-APC, CD14-PerCp antibodies. The mean fluorescents
intensity levels of CD66e on CD4+T cells, CD8 +T cells, CD14 + monocytes from pa-
tients study groups was graphed.

patients (mean= 98.22 + 12.29ng/mL) and the healthy controls
(mean= 81.56 + 7.525 ng/mL) were however no different (Fig. 3B).

3.2. Detection of MERS-CoV in PBMCs among MERS-CoV patients

In order to determine if PBMCs are susceptible to MERS-CoV
infection, we utilized RT-PCR for detection of MERS-CoV UpE and
OrfA1 genes in patient whole blood and isolated PBMCs using Altona
kit. Out of 20 MERS-CoV patients tested 16 patients (80%) were
positive for at least one MERS-CoV gene from whole blood, and
among them 8 patients were further tested from isolated PBMCs, 4
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Fig. 2. Surface CD26 receptor expression levels on PBMCs of patient study groups.
Isolated PBMCs of MERS-CoV patients (n=20) and healthy controls (CTL) (n = 20) were
collected. The cells (4 x10%) were distributed in each FACS tubes and stained with
CD26-PE, CD4-PE-Cy7, CD8-APC, CD14-PerCp antibodies. The mean fluorescents in-
tensity levels of CD26 on CD4+ T cells, CD8+ T cells, CD14+ monocytes from patients
study groups was graphed.

(50%) patients were positive for at least one MERS-CoV gene
(Table 2).

4. Discussion

This study for the first time ever demonstrated that patients with
MERS-CoV infection had increased expression of CD66e receptors on
CD4 and CD8 lymphocytes compared to the normal healthy controls.
Elevated expression CD66e on CD4+and CD8 +lymphocytes was
associated with increased levels of plasma soluble forms of CD66e in
MERS-CoV patients as well. The increased expression of CD66e could
be due to direct effect of viral antigens on different cell types
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Fig. 3. Soluble CD66e and CD26 receptor expression levels in plasma of patient study
groups. Plasma of MERS-CoV patients (n = 20) and healthy controls (CTL) (n = 20) were
collected and soluble CD66e and CD26 receptors levels were analyzed using ELISA
kits. (A) The mean levels of soluble CD66e receptor and CD26 receptor (B) and from
patients study groups were graphed.

including PBMCs or indirectly by the induction of cytokines. Studies
have shown that the expression CD66e could be increased on the
epithelial cells of the lung by IFN and bacterial respiratory infections

Table 2

Detection of MERS-CoV in nasopharyngeal swab (NPS), whole blood (WB) and PBMCs.

Patient #  NPS MERS-COV WB MERS-COV PBMCs MERS-COV
UpE/Orfla UpE/Orfla UpE/Orfla

P1 Positive/Positive Negative/Negative Not done

P2 Positive/Positive Positive/positive Not done

P3 Positive/Positive Positive/Negative Positive/Negative

P4 Positive/Positive Positive/Negative Not done

P5 Positive/Positive Positive/Positive Positive/Negative

P6 Positive/Positive Positive/Negative Negative/Negative

P7 Positive/Positive Positive/Negative Not done

P8 Positive/Positive Positive/Positive Negative/Negative

P9 Positive/Positive Positive/Positive Positive/Positive

P10 Positive/Positive Positive/Negative Negative/Negative

P11 Positive/Positive Negative/Positive Positive/Positive

P12 Positive/Positive Positive/Positive Not done

P13 Positive/Positive Positive/Positive Not done

P14 Positive/Positive Positive/Positive Not done

P15 Positive/Positive Negative/Negative Negative/Negative

P16 Positive/Positive Negative/Negative Not done

P17 Positive/Positive Positive/Positive Not done

P18 Positive/Positive Positive/Negative Not done

P19 Positive/Positive Negative/Negative Not done

P20 Positive/Positive Positive/Positive Not done
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[31] or by cytokines such as IL-6 [32]. We and others have previously
reported increased levels of several cytokines including IL-10, IL-13,
IL-4, IL-5, IL-6, and IL-1 and Th-2 differentiation [33,34]. Moreover,
overexpression of CD66e in permissive cells has clearly been shown
to enhance MERS-CoV attachment and entry in BHK21 cells [17]. It is
possible that CD66e may facilitate MERS-CoV entry in cells in con-
junction with CD26.

No difference in CD26 expression on PBMCs or the soluble forms
of CD26 was observed between the patients and controls. A recent
study has shown decreased levels of soluble CD26 receptors in se-
vere MERS-CoV patients [35]. Another study has reported that per-
sistent infection with MERS-CoV was associated with down-
regulation of CD26 expression in bat cells [20]. Following influenza
vaccination as an example of resolved successful immune response
high level of CD26 expression was induced on memory CDS8+
lymphocytes whereas chronic infection with persistent antigen such
as cytomegalovirus (CMV), Epstein-Barr virus (EBV) or human im-
munodeficiency virus (HIV) lead to defective T-cell memory with
low expression of CD26 [36]. High expression of CD26 is considered
as a characteristic feature of memory cells. The low expression of
CD26 observed in the present study could possibly be due to absence
of MERS-CoV specific memory lymphocytes due to lack of previous
exposure to the virus.

In the current study, we detected MERS-CoV genes in patients
whole blood and isolated PBMCs. Although, MERS-CoV is a re-
spiratory virus which targets primarily epithelial cells lining the
respiratory system and alveoli, it was detected in 50% of the patients
tested for PBMCs confirming its capability of infecting PBMCs
through, at least in part, CD66e receptors. Recent studies have sug-
gested that MERS-CoV could also utilize other cell surface proteins
such as 78-kDa glucose-regulated protein (GRP78) and the cell
surface glycoprotein CD9 to infect human cells [37,38]. These mo-
lecules however, were not invested in the present study. In agree-
ment with our result, it has been reported that MERS-CoV infection
could be detected and diagnosed from patient serum [39,40]. In an
in-vitro study, it has been shown that MERS-CoV could infect mac-
rophages and dendritic cells [41]. Also, it has been found in an ex-
vivo study that MERS-CoV is capable of infecting T cells and inducing
apoptosis [42]. Infection of PBMCs with MERS-CoV could be a similar
phenomenon to many viral infections such as HBV, HCV, HIV which
have been elucidated in many studies to be involved in establishing
the infection and disease progression [43-45]. Thus, infection of
PBMCs with MERS-CoV may play a role in disease severity and
complications. In the present study, infection of PBMCs with MERS-
CoV could only be tested in 8 patients due to limited availability of
blood samples. Moreover, the number of patients could not be in-
creased due to the fact that the prevalence of MERS-CoV infection
globally is low and this issue is among one of the limitations of the
study.

In conclusion, the increased expression levels of CD66e
(CEACAMS5) may contribute to increased susceptibility of PBMCs to
MERS-CoV infection resulting in establishing disease severity and
progression. Further investigation during different phases of the
disease and the associated co-morbidities may provide a better in-
sight into the pathogenesis of MERS CoV infection, and may help to
guide targeted future therapeutics.
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