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Abstract
To evaluate soluble CD147 levels in COVID-19 and identify whether these are associated with hyperinflammation and 
disease severity. One-hundred and nine COVID-19 patients and 72 healthy blood donors were studied. Levels of CD147, 
matrix metalloproteases (MMP) and inflammatory markers were measured on hospital arrival, while the need for mechanical 
ventilation and the occurrence of death during hospitalization were recorded. CD147 levels were higher in COVID-19 (1.6, 
1.0–2.3 vs 1.3, 1.0–1.6 ng/ml; P = 0.003) than controls. MMP-2 (9.2, 4.5–12.9 vs 4.2, 3.7–4.6 ng/ml; P < 0.001), MMP-3 
(1.1, 0.9–1.3 vs 0.9, 0.7–1.0 ng/ml; P < 0.001) and MMP-9 (0.9, 0.5–1.2 vs 0.4, 0.2–0.6 ng/ml; P < 0.001) were also higher 
in COVID-19, while MMP-1 (0.6, 0–1.4 vs 0.6, 0.3–0.7 ng/ml; P = 0.711) was not different. Significant correlations were 
found between CD147 and MMP-2 (ρ = 0.34), MMP-3 (ρ = 0.21), interleukin 6 (ρ = 0.21), and the neutrophil/lymphocyte 
ratio (ρ = 0.26). Furthermore, CD147 levels were higher in patients who required mechanical ventilation (1.8, 1.4–2.4 vs 
1.2, 0.8–1.9 ng/ml; P < 0.001) and in those who ultimately died (1.9, 1.4–2.7 vs 1.4, 0.9–1.9 ng/ml; P = 0.009). CD147 is 
elevated in COVID-19 and appears to contribute to hyperinflammation and disease severity.
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Introduction

Almost two years of the first recorded cases of atypical 
pneumonia in Wuhan, China, the disease is known as Coro-
navirus 19 (COVID-19) has affected more than 400 mil-
lion people and killed nearly six million worldwide (World 

Health Organization 2019; Coronavirus Resource Center 
(2022). Aside from glucocorticoids, the first really effec-
tive drugs to treat COVID-19 are only recently emerging, 
many of which were originally designed and developed for 
other infections (Khoo et al. 2021; Pfizer 2021). This may 
in part be due to the lack of identification of optimal thera-
peutic targets. Therefore, research aimed at elucidating the 
mechanisms of SARS-CoV-2 infection is required, to pro-
vide promising targets for the development of specific drugs 
against COVID-19.

The major determinant of cellular tropism shown by 
SARS-CoV-2 is the spike protein, which directs infection 
by binding to membrane receptors in host cells. The main 
receptor for cellular infection is the angiotensin-converting 
enzyme 2 (ACE2) (Lan et al. 2020). ACE2 is an enzyme 
(carboxypeptidase) located mainly in the cell membrane; it is 
homologous to ACE1 but acts inversely on the renin–angio-
tensin–aldosterone axis as it is an angiotensin II deactivator, 
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which is an active peptide that causes vasoconstriction, pro-
motes hypertrophy, fibrosis, and inflammation (Gheblawi 
et al. 2020). In addition to ACE2, some molecules that can 
function as cofactors in ACE2-mediated SARS-CoV-2 infec-
tion have recently been identified, such as neuropilin-1 and 
transmembrane serine protease-2 (Cantuti-Castelvetri et al. 
2020; He et al. 2021). In parallel, it has been shown that 
CD147, a glycoprotein of the immunoglobulin superfamily 
also known as basigin or extracellular matrix metallopro-
tease inducer (EMMPRIN), plays an important functional 
role in facilitating infection by SARS-CoV-2 (Wang et al. 
2020). Indeed, CD147 mediates the entry of SARS-CoV-2 
into host cells by endocytosis, and its blockage by anti-
CD147 antibodies inhibits virion amplification in a dose-
dependent manner, at least in cellular models (Wang et al. 
2020).

Apart from its function as a putative receptor used by 
SARS-CoV-2 for its entry into host cells, CD147 is the 
main tissue inducer of matrix metalloproteases (MMPs). 
These MMPs are zinc-dependent endopeptidases responsi-
ble for cleaving the immediate components of the extracel-
lular matrix. The degradation of different components of 
the extracellular matrix mediated by MMPs is an important 
component in tissue damage associated with COVID-19. 
Altered plasma concentrations of MMPs have been found 
in COVID-19 patients, and increased levels of MMP-2 and 
MMP-9 appear to be associated with an increased risk of 
in-hospital mortality (D Avila-Mesquita et al. 2021).

Thus, the objective of this proof-of-concept study was to 
measure the soluble levels of CD147 in the serum of patients 
with COVID-19 and to identify whether they are associated 
with markers of tissue damage and inflammation. Further-
more, the possible association between CD147 levels and 
disease severity was also evaluated.

Materials and Methods

Study Design

The present study was carried out at the Instituto Nacional 
de Cardiología Ignacio Chávez, Mexico City, a third-level 
academic center dedicated to the study and management of 
cardiovascular diseases and related conditions. Our Institute 
received only seriously ill patients for hospital management, 
while those with milder forms of the disease were referred 
to less specialized medical centers or sent home.

In this study, we included patients older than 18 years 
who were admitted to the respiratory triage with a diagno-
sis of COVID-19 and who met the WHO case definition of 
SARS-CoV-2 infection. Upon admission, disease severity 
was classified as moderate or severe as follows: moderate ill-
ness was defined based on clinical signs of pneumonia such 

as fever, cough, dyspnea, or tachypnea; meanwhile, severe 
disease was defined as the presence of pneumonia and at 
least one of the following: respiratory rate > 30 breaths/min-
ute, severe respiratory distress, or oxygen saturation < 90% 
on room air. In addition, a nasopharyngeal swab was per-
formed, and the SARS-CoV-2 positivity was evaluated in an 
RT-PCR test; no serial tests were performed to assess viral 
clearance. All patients included had a negative result in the 
influenza rapid test.

Clinical and laboratory data were collected from the elec-
tronic records by two independent investigators, according 
to a previously designed proforma file. Each database was 
reviewed by a third investigator and discrepancies were 
solved by reviewing the discordant data directly from the 
medical record. It should be noted that treatments instituted, 
laboratory and imaging studies requested, admission to the 
Intensive Care Unit, and the decision to provide invasive 
ventilatory support were made at the absolute discretion of 
the treating physicians. Similarly, the decision to discharge 
each patient was made solely by the attending physician, 
based on the clinical status. Consequently, the present study 
did not influence medical decision-making or clinical course.

Upon arrival at respiratory triage, patients authorized the 
use of their clinical data for research purposes. Approval 
was granted by the Bioethics Committee of the Instituto 
Nacional de Cardiología Ignacio Chávez (protocol number 
20–1186). All procedures were carried out in accordance 
with the ethical standards of the 2013 Declaration of Hel-
sinki, its addenda and local regulations.

Laboratory Procedures

Blood samples were obtained at hospital admission and 
immediately processed for the measurement of inflam-
matory (C-reactive protein (CRP), interleukin (IL)-6) and 
thrombotic (D-dimer, antiphospholipid antibodies) markers, 
as part of the routine diagnostic and prognostic approach 
established in our Institute (Amezcua-Guerra et al. 2021a, 
2021b). A remnant of these samples was used to carry out 
the measurements of CD147, MMP-1, MMP-2, MMP-3 and 
MMP-9 by enzyme-linked immunosorbent assays with com-
mercially available reagents (R&D Systems, Minneapolis, 
MN, USA), following the manufacturer’s instructions. As a 
reference, sera from healthy blood donors obtained during 
2019 (pre-pandemic) and stored at –70 °Celsius were used; 
control individuals were matched for age and sex. Although 
they may have suffered some type of degradation due to 
prolonged storage (up to two years), sera from healthy indi-
viduals obtained before the pandemic were selected as a 
reference since this guaranteed us that no control individual 
had suffered from a mild or asymptomatic form of SARS-
CoV-2 infection.
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Statistics

Data distribution was evaluated using the D'Agostino-Pear-
son test. Frequencies and percentages were used to describe 
categorical variables, while medians with interquartile range 
were used to describe numerical variables. Differences 
between medians were evaluated using the Mann–Whitney 
U test. Correlations were evaluated using Spearman’s rho 
(ρ) coefficient with 95% confidence intervals. Finally, the 
ability of CD147 to predict the need for invasive mechanical 
ventilation and the occurrence of death was evaluated using 
the area under the receiver operating characteristic curve 
(AUC) with 95% confidence intervals.

All statistical analyses were performed under the two-
tailed principle and a P < 0.05 value was established for 
significance. The GraphPad Prism v.9 (GraphPad Software, 
La Jolla, CA, USA) package was used for the calculations.

Results

During the study period, serum samples were collected from 
109 patients with COVID-19 (67% male) aged 54 years 
(46–65 years); in addition, serum from 72 healthy blood 
donors (56% male; median age: 52, 42–60 years) without 
any comorbidity was analyzed as a reference control. The 
main clinical and demographic characteristics are presented 
in Table 1. It is worth noting the high frequency of comor-
bidities, especially diabetes (39%), hypertension (46%) and 
chronic renal failure (11%), for a median Charlson comor-
bidity index of 2 (1–4). There was a 7 day delay from the 
onset of symptoms to hospital admission. At hospital arrival, 
polypnea and tachycardia were found in most of the patients, 
with an oxygen saturation in ambient air of 82% (70–88%). 
A total of 88 patients (80%) were classified as having severe 
COVID-19. On admission, laboratory studies showed leu-
kocytosis with neutrophilia and lymphopenia, for a neutro-
phil/lymphocyte ratio of 10 (6–17). In addition, hypoalbu-
minemia and an intense inflammatory and cellular injury 
response characterized by elevated CRP, IL-6, D-dimer, and 
ferritin were found. Laboratory findings are summarized in 
Table 1.

According to the extent of respiratory failure, the 
patients sequentially received supplemental oxygen 
through a nasal cannula, high-flow oxygen therapy, non-
invasive ventilation, and finally endotracheal intubation 
with mechanical ventilatory support. The prone position 
was part of the standard medical treatment. In addition, a 
total of 95 patients (87%) received some type of heparin 
(in particular, low molecular weight heparin), 33 (30%) 
received dexamethasone and 26 (23%) received biologi-
cal therapies with IL-6 inhibitors (tocilizumab) or the 
Jak-STAT signaling pathway inhibitors (baricitinib or 

ruxolitinib). No patient received convalescent plasma. At 
the time of the study, there were no SARS-CoV-2 vac-
cines or remdesivir in pre-clinical/clinical use and typing 
of viral variants was not yet available. During hospital 
follow-up, 25 patients (22%) had at least one thromboem-
bolic event, while 61 (55%) required invasive mechanical 
ventilation and 38 patients (34%) eventually died. The hos-
pital stay was 14 days (11–25 days). Table 2 summarizes 
the hospital management and the main clinical outcomes.

Table 1  Clinical and laboratory data at hospital admission

Data are presented as median (interquartile range) unless otherwise 
specified

COVID-
19 Patients 
(n = 109)

Age, years 54 (46–65)
Male, n 73
Body mass index, kg/m2 27.7 (25.7–30.8)
Current smoking, n 24
Comorbidities, n
 Diabetes 43
 Hypertension 51
 Dyslipidemia 15
 Coronary artery disease 8
 Stroke 3
 Chronic heart failure 7
 Chronic kidney disease 12
 Organ transplant 5
 Cancer 1

Clinical data, at admission
 Temperature, °C 36.9 (36.5–37.5)
 Respiratory rate, breaths/min 24 (20–30)
 Cardiac rate, beats/min 97 (83–110)
 Systolic artery pressure, mmHg 126 (110–137)
 Diastolic artery pressure, mmHg 76 (70–84)
 Oxygen saturation (%), at room air 82 (70–88)

Laboratory data, at admission
 Leucocytes ×  103 per  mm3 10.1 (7.2–12.4)
 Neutrophils ×  103 per  mm3 8.5 (6–11)
 Lymphocytes ×  103 per  mm3 0.8 (0.6–1.1)
 Platelets ×  103 per  mm3 222 (167–288)
 Hemoglobin, g/dl 14.7 (13.1–16.1)
 Albumin, g/dl 3.5 (3.1–3.8)
 Creatinine, mg/dl 1.04 (0.85–1.54)
 Troponin I, ng/ml 18.4 (8.3–89.5)
 Creatine kinase, U/l 111 (53–199)
 D-dimer, ng/ml 439 (247–820)
 Fibrinogen, mg/dl 5.4 (4.5–6.2)
 C-reactive protein, mg/l 157 (72–264)
 Ferritin, μg/l 654 (326–1103)
 Interleukin-6, pg/ml 16.2 (4.5–85.2)
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A total of 21 patients (19%) had moderate COVID-19, 
while the remaining 88 patients had severe disease on hospi-
tal arrival. No differences were found in serum CD147 levels 
between patients with moderate and severe COVID-19 (1.9, 
1.3–2.3 ng/ml vs 1.5, 0.9–2.2 ng/ml; P = 0.190). Likewise, 
no significant differences were found in the concentration of 
MMPs according to the disease severity (data not shown). 
Regarding soluble levels of CD147 in serum, we found a 
significantly higher concentration in patients with COVID-
19 (1.6, 1.0–2.3 ng/ml) compared to that observed in healthy 
controls (1.3, 1.0–1.6 ng/ml; P = 0.003). Similarly, the lev-
els of MMP-2 (9.2, 4.5–12.9 ng/ml vs 4.2, 3.7–4.6 ng/ml; 
P < 0.001), MMP-3 (1.1, 0.9–1.3 ng/ml vs 0.9, 0.7–1.0 ng/
ml; P < 0.001) and MMP-9 (0.9, 0.5–1.2  ng/ml vs 0.4, 
0.2–0.6 ng/ml; P < 0.001) were also higher in COVID-19 
patients. In contrast, MMP-1 levels (0.6, 0–1.4 ng/ml vs 0.6, 
0.3–0.7 ng/ml; P = 0.711) were not different between groups. 
These data are presented in Fig. 1.

Once the abnormality in serum levels of CD147 in 
COVID-19 was demonstrated, we evaluated the potential 
associations of CD147 with MMPs and markers of inflam-
mation and tissue damage in patients with COVID-19. As 
can be seen in Fig. 2, CD147 levels showed a direct cor-
relation with MMP-2 levels, with a ρ coefficient of 0.34 
(0.16–0.50; P = 0.0003). Similarly, a direct correlation was 
found with the levels of MMP-3, with a ρ coefficient of 0.21 
(0.02–0.39; P = 0.028). In contrast, we did not observe an 
association with the levels of MMP-1 (ρ = –0.002, –0.19 
to 0.19; P = 0.979) or MMP-9 (ρ = –0.14, –0.05 to 0.33; 
P = 0.130). Additionally, CD147 levels correlated directly 

with IL-6 (ρ = 0.21, 0.02–0.39; P = 0.026), as well as with 
the neutrophil/lymphocyte ratio (ρ = 0.26, 0.07–0.43; 
P = 0.006). However, we did not find an association with 
levels of CRP (ρ = 0.05, –0.14 to 0.24; P = 0.603), D-dimer 
(ρ = 0.15, –0.04 to 0.33; P = 0.117) or ferritin (ρ = 0.03, 
–0.16 to 0.22; P = 0.736).

In a final group of analyzes, we evaluated whether serum 
CD147 levels, measured at the time of hospital admission, 
were different between COVID-19 patients who required 
invasive ventilatory support and those who eventually died. 
As seen in Fig. 3, CD147 levels were higher in COVID-19 
patients who required assisted mechanical ventilation (1.8, 
1.4–2.4 ng/ml vs 1.2, 0.8–1.9 ng/ml; P < 0.001) than in their 
counterparts that did not require it. The discriminative abil-
ity of CD147 levels to identify patients at risk for invasive 
ventilatory assistance was significant, with an AUC of 0.70 
(0.60–0.80; P = 0.0003). Similarly, CD147 concentration 
was higher in patients who died (1.9, 1.4–2.7 ng/ml vs 1.4, 
0.9 to 1.9 ng/ml; P = 0.009) compared to survivors, for an 
AUC of 0.65 (0.54–0.76; P = 0.009).

Discussion

In this study, the potential association of soluble CD147 
with different markers of extracellular matrix turnover, tis-
sue damage, and inflammation was evaluated in COVID-19. 
Our results show that serum CD147 levels are elevated in 
COVID-19 and are directly associated with levels of MMPs 
and prototypical markers of inflammation and tissue injury. 
Interestingly, CD147 serum levels, measured at the time of 
arrival at respiratory triage, predict both the requirement 
for invasive ventilation and the occurrence of death during 

Table 2  In-hospital management and major outcomes

COVID-19 
Patients 
(n = 109)

 Main drug therapies, n
 Glucocorticoids 33
 Hydroxychloroquine 8
 Azithromycin 17
 Lopinavir/ritonavir 66
 Interleukin-6 or Jak-STAT inhibitors 26
 Heparins 95

Main clinical outcomes, n
 Vascular thrombosis (any) 25
 Pulmonary thromboembolism 3
 Stroke 1
 Myocardial infarction 4
 Severe bleeding 14
 Invasive mechanical ventilation 61
 Death 38
 Days of hospital stay, median (interquartile range) 14 (11–25)

Fig. 1  Soluble CD147 and matrix metalloproteinase (MMP) con-
centrations. Significantly higher levels of CD147, MMP-2, MMP-3, 
and MMP-9 were found in sera from COVID-19 patients (red circles) 
than in healthy controls (green triangles). MMP-1 levels were not dif-
ferent between groups. Horizontal lines indicate median values
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hospitalization, establishing this molecule as a marker of 
disease severity, as well as a potential therapeutic target in 
COVID-19 patients.

Matrix metalloproteinases belong to a family of endo-
peptidases that play an important role in homeostatic pro-
cesses of tissue remodeling, by facilitating the degradation 
of the interstitium. Furthermore, MMPs are implicated in 
various pathological conditions, including lung diseases, 
cardiovascular disease, obesity, and different neoplasms 
(Kapoor et al. 2016). However, for these MMPs to acquire 
enzymatic activity they need to be activated, which is 
achieved through the CD147 molecule, a glycoprotein of 
the immunoglobulin superfamily, also known as basigin or 
EMMPRIN. In addition to its important role as an inducer 

of MMPs activity, CD147 has been identified as a putative 
receptor or co-receptor of the ACE2 molecule for SARS-
CoV-2 cellular infection (Wang et al. 2020). The ACE2 has 
been widely recognized as the main receptor in infection by 
different coronaviruses, and the replication of SARS-CoV-1 
in Vero E6 cells is specifically inhibited by an anti-ACE2 
antibody (Li et al. 2003). In parallel, an interaction between 
the host cell CD147 receptor and the SARS-CoV-2 spike 
protein has been demonstrated, while the loss of CD147 
or the blockade of CD147 inhibits the amplification of 
SARS-CoV-2 in Vero E6 and BEAS-2B cell lines. Further-
more, CD147 is a functional alternative receptor for entry 
of SARS-CoV-2 in ACE2-deficient cellular models (Wang 
et al. 2020).

Fig. 2  Association between CD147 levels and different inflamma-
tory and tissue damage analytes in COVID-19 patients. Significant 
correlations were found between CD147 and MMP-2 (rho = 0.342), 

MMP-3 (rho = 0.210), IL-6 (rho = 0.212) and the neutrophil/lympho-
cyte ratio (rho = 0.258). No other significant associations were found 
(see main text)
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The above data, obtained in cell and animal models, 
clearly suggested that CD147 has a relevant pathogenic role 
in SARS-CoV-2 infection and the immune-mediated tis-
sue damage typically seen in COVID-19. In our study, we 
found that COVID-19 patients who require hospitalization 
have higher levels of soluble CD147 compared to healthy 
individuals. Although this finding is interesting, it is further 
enhanced by observing that CD147 levels are closely associ-
ated with the serum concentration of MMP-2, MMP-3 and 
MMP-9, as well as early markers of inflammation including 
IL-6 and the neutrophil/lymphocyte ratio. Regarding IL-6, 
it is important to highlight that this cytokine is a leader in 
guiding the cytokine release syndrome that characterizes the 

hyperinflammatory phase of COVID-19; accordingly, thera-
peutic blocking of IL-6 signaling with tocilizumab or sari-
lumab is one of the few strategies that have been shown to 
decrease mortality in COVID-19 (Amezcua-Guerra 2020). 
Similarly, the neutrophil/lymphocyte ratio is an acute phase 
index that effectively predicts the occurrence of thrombo-
sis, requirement for mechanical ventilation, and death in 
COVID-19 (González-Flores et al. 2021). In our study, we 
also observed that patients with greater organ damage and 
who eventually required invasive ventilatory support or 
who died were also those with the highest concentrations 
of soluble CD147 at the time of hospital admission, which 
suggests that early measurement of serum CD147 levels can 

Fig. 3  Soluble CD147 in COVID-19 patients according to the occur-
rence of major adverse outcomes. Serum CD147 levels were sig-
nificantly higher both in patients who required assisted mechanical 
ventilation (AVM) and in those who eventually died; horizontal lines 

indicate median values with an interquartile range. Furthermore, 
CD147 levels at hospital admission effectively discriminated against 
patients who developed adverse outcomes during hospitalization (see 
areas under the ROC curve [AUC])
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be a marker of severity and prognosis in these patients. It 
is important to emphasize that the identification of useful 
and easily accessible markers in a real-world setting is still 
a pending task (Amezcua-Guerra et al. 2021a; González-
Flores et al. 2021).

In further support for an important role of CD147 in 
COVID-19, a phase 1/2 study recently showed that the 
administration of meplazumab, a humanized anti-CD147 
monoclonal antibody, is safe and well tolerated in healthy 
volunteers while suggesting that meplazumab could accel-
erate the recovery of COVID-19 patients with pneumonia 
(Bian et al. 2021). Finally, in consideration of viral variants 
of concern or medical interest, the administration of mepla-
zumab specifically and effectively inhibits SARS-CoV-2 
infection and the associated cytokine release syndrome in a 
murine model transgenic for human CD147; it is noteworthy 
that efficacy against SARS-CoV-2 infection included delta, 
alpha, beta, and gamma variants (Geng et al. 2021). Now, 
CD147 is already being proposed as a therapeutic target to 
limit the cellular entry of SARS-CoV-2 (Behl et al. 2022).

COVID-19 has been a fantastic challenge for today’s 
medicine. One of the pending tasks is the development of 
effective therapies against SARS-CoV-2 infection, partly 
due to the limited information still available on the biology 
of the virus-host cells interaction. Our results suggest that 
CD147 plays an important role in COVID-19, not only as a 
putative receptor for SARS-CoV-2 cellular infection but also 
that high levels of its soluble form are associated with higher 
levels of MMPs, favoring systemic hyperinflammation and 
contributing to severe organ damage, demonstrated by the 
requirement for invasive ventilation and the occurrence of 
death in patients with COVID-19.
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