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Abstract Coronavirus disease—COVID-19 (coronavirus disease 2019) has become the cause of the global pandemic in
the last three years. Its etiological factor is SARS-CoV-2 (Severe Acute Respiratory Syndrome Coronavirus type 2). Patients
with diabetes (DM—diabetes mellitus), in contrast to healthy people not suffering from chronic diseases, are characterised by
higher morbidity and mortality due to COVID-19. Patients who test positive for SARCoV-2 are at higher risk of developing
hyperglycaemia. In this paper, we present, analyse and summarize the data on possible mechanisms underlying the increased
susceptibility and mortality of patients with diabetes mellitus in the case of SARS-CoV-2 infection. However, further
research is required to determine the optimal therapeutic management of patients with diabetes and COVID-19. Kidney
impairment in hospitalized patients with SARS-CoV-2 infection is associated with increased in-hospital mortality and worse
clinical evolution, raising concerns towards patients with chronic kidney disease (CKD). From a pathophysiological
perspective, COVID-19 is characterized by an overproduction of inflammatory cytokines (IL-6, TNF-alpha), causing
systemic inflammation and hypercoagulability, and multiple organ dysfunction syndrome.
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the virus attachment to the host-cell membrane [4]. The
function of the M protein is to bind the viral genome to the
inner surface of the host-cell membrane. The C-terminal
domain of the transmembrane proteins contacts the viral

1. Introduction

The World Health Organization (WHO) has classified the
2019 Coronavirus pandemic (COVID-19) as a global health

emergency [1]. The virus causes acute respiratory distress
syndrome. So far our knowledge of this disease has been
limited. The new beta-coronavirus was first introduced
in Wuhan, China in 2019 and then spread worldwide.
SARS-CoV-2 is an RNA virus with genomes ranging from
26,000 to 32,000 base pairs [2]. The capsid contains four
structural proteins: spike (S), nucleocapsid (N), membrane
(M) and envelope (E). In their research, Walls et al. showed
that the nucleic acid and developmental N acid are under
the formed lipid novel solution of the SARS-CoV-2
virion [3]. Under an electron microscope, the S looks like
a corona and thus its name: coronavirus. The S protein
consists of two domains. The binding of the receptor for
angiotenin-converting enzyme-type 2 (ACE-2) takes place in
the upper lobular domain, which initiates a viral entry into
cells. The downstream domain of the S protein is involved in
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N protein, playing an important role in its life cycle [5].
The scheme showing the model of COVID-19 virus is
presented in Figure 1.

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)

spike glycoprotein (S) membrane protein (M)

nucleoprotein (N)

genomic RNA
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Figure 1. A model of COVID-19 depicting structural elements of the
virion
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In the SARS-CoV-2 replication cycle, several key stages
can be distinguished: attachment and entry into the cell,
transcription of the viral replicase, genome replication,
translation of structural proteins and release of new virions
[2]. The analysis of over 300,000 SARS-CoV-2 genomes,
performed less than a year ago by Rochman et al., showed
some kind of an adaptive evolution of this virus which
affects not only the nucleocapsid itself, but also many
regions in the viral S protein [6]. Therefore, based on
mutations in the RBD region of the viral S protein, a total of
seven mutant variants of SARS-CoV-2 have been described:
alpha (B.1.1.7), beta (B.1.351), gamma (P.1), delta (B.1.617.2),
epsilon (B.1.427), kappa (B.1.617.1), and the Omicron
variant (B.1.1.529). Based on microscale thermophoresis
analyses on the S-protein in SARS-CoV-2, it has been
demonstrated that the alpha, beta, gamma and delta variants
are characterised by the strongest interaction with the ACE2
receptor [7]. It is also worth emphasizing that the Omicron
variant is typical due to its ability to avoid the human
immune system [8]. The mortality rate for COVID-19
infection has been estimated at 0.5-1.0% [9,10,11]. The
proportion of diabetics among COVID-19-positive patients
varies according to the regions in the world. For example, in
Italy as many as 36% of those seriously ill, having a positive
result from a COVID-19 test, were burdened with diabetes
[12], and in the United States, this same phenomenon was
noted in as many as 58% of patients [13]. The vast majority
of infected patients present a mild form of COVID-19, but
some develop a severe form of infection that can be fatal.
Factors that influence the development of severe disease are:
older age, comorbidities, difficult socio-economic conditions
and occupational risk (increased epidemiological treat).
The most frequently quoted age limit above which there is
an increased risk of serious complications is 60 years and
above [14,15]. Regardless of age, patients with comorbid
chronic conditions that compromise the immune system are
at a higher risk of becoming infected with SARS CoV-2.
These diseases mainly include: diabetes [16], renal failure
[17], chronic heart and brain diseases [18,19], malignant
neoplasms [14], immune disorders [15] and obesity [20].
In recent studies, a significantly higher risk of in-hospital
deaths has been noted due to COVID-19 in diabetic
patients than in those without glucose tolerance impairment
(HR = 2.36) [14]. Interestingly, proper glycaemic control
before admission to hospital, confirmed by a glycosylated
haemoglobin test (HbAlc), was not associated with
improved outcomes in the treatment of infections among
these patients [21].

Scientists of Uzbekistan have carried out a number of
studies on the specific course and consequences of
COVID-19 in patients with diabetes, including the structure
of death among patients with diabetes in the Republic of

Uzbekistan during the COVID-19 pandemic (Haydarova F.A.

and others), COVID- The state of hyperglycemia in patients
hospitalized due to pneumonia associated with 19 (Alieva
A.V. and others).

2. Mechanism of SARS-CoV-2
Morbidity in Diabetes

Diabetes is the seventh leading cause of death in the world
and is associated with vascular complications, severely
impacting quality of life(63) Diabetes predisposes patients to
acquiring the infection due to an impaired immune system
function. The following are responsible for this fact: the
inhibition of phagocytosis, lower macrophage activity and
decreased ability of neutrophil chemotaxis resulting from
the reduced amount of interferon (IFN-y) [42]. The role
of glycaemic control in diabetic patients is emphasized.
Although, as mentioned earlier [21], it does not seem to
affect the efficacy of infection treatment, it reduces the
likelihood of virus proliferation in cells [43,44]. Another
possible cause of increased susceptibility to COVID-19
infection is an increase in the levels of furin, a type 1
protease bound to the cell membrane. It has been shown that
higher levels of furin in diabetic patients facilitates the entry
of SARS-CoV-2 into cells [33,45]. Furins mediate a viral
entry into a human cell by cleaving and stimulating the
SARS-CoV2 S1 and S2 proteins [3,46]. The scheme
showing the pathophysiological mechanisms including an
increased susceptibility of diabetic patients to COVID-19 is
presented in Figure 2.

Thus, besides lung involvement, other organ
complications are observed in patients with SARS-CoV-2
infection such as kidney damage leading to acute kidney
injury (AKI)11, raising concerns regarding the clinical
outcomes and prognosis of patients with preexisting
comorbidities such as chronic kidney disease (CKD),
end-stage kidney disease (ESKD), and kidney transplant
recipients under immunosuppression therapy. Recipients
under immunosuppression therapy. A meta-analysis including
73 studies evaluating the association between multi-organ
dysfunction and COVID-19 development revealed that
patients with CKD were more likely to develop severe
SARS-CoV-2 infection (OR 1.84 [95%CI 1.47-2.30]) 12.
Hence, besides disease severity, it is imperative to evaluate
the clinical outcomes, prognosis, and mortality associated
with COVID-19 infection in patients with history of CKD.

As 2023 approaches, the COVID-19 pandemic has
killed millions. While vaccines have been a crucial
intervention, only a few effective medications exist for
prevention and treatment of COVID-19 in breakthrough
cases or in unvaccinated or immunocompromised patients.
SARS-CoV-2 displays early and unusual features of
micro-thrombosis and immune dysregulation that target
endothelial beds of the lungs, skin, and other organs. Notably,
anticoagulation improves outcomes in some COVID-19
patients. The protein transforming growth factor-beta (TGF-p1)
has constitutive roles in maintaining a healthy microvasculature
through its roles in regulating inflammation, clotting, and
wound healing. However, after infection (including viral
infection) TGF-B1 activation may augment coagulation,
cause immune dysregulation, and direct a path toward tissue
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pathways, and its pro-fibrotic properties all contribute
to a unique milieu in the COVID-19 microvasculature. This
unique environment allows for propagation of microvascular
clotting and immune dysregulation. In this review we
summarize the physiological functions of TGF-p and detail
the evidence for its effects on the microvasculature in
COVID-19. In addition, we explore the potential role.

fibrosis. Dysregulation of TGF-B signaling in immune
cells and its localization in areas of microvascular injury are
now well-described in COVID-19, and such events may
contribute to the acute respiratory distress syndrome and skin
micro-thrombosis outcomes frequently seen in severe
COVID-19. The high concentration of TGF-f in platelets
and in other cells within microvascular thrombi, its ability
to activate the clotting cascade and dysregulate immune
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3. Inflammatory Cytokines in
the Pathophysiology of
Diabetic Nephropathy

Cytokines are a group of pharmacologically active, low
molecular weight polypeptides with autocrine, paracrine,
and juxtacrine effects which, in a coordinated manner,
regulate inflammatory and immune responses with the
participation of different cytokine-associated signalling
pathways. Cytokines are produced throughout the body by
cells of varied embryological origin and, in addition to their
immune response regulatory role, exert important pleiotropic
actions as cardinal effectors of injury [36]. At present time, it
is recognized that chronic low-grade inflammation and
activation of the innate immune system are closely involved
in the pathogenesis of diabetes mellitus [37-39]. Plasma
concentrations of diverse inflammatory parameters are
elevated in diabetic patients [8-10,40,41] being strong
predictors of the development of this disease [42-44]. The
pathogenesis of severe COVID-19 reflects an inefficient
immune reaction to SARS-CoV-2. Here we analyze, at the
single cell level, plasmablasts egressed into the blood to
study the dynamics of adaptive immune response in COVID-19
patients requiring intensive care. Before seroconversion in
response to SARS-CoV-2 spike protein, peripheral plasmablasts
display a type 1 interferon-induced gene expression signature;
however, following seroconversion, plasmablasts lose this
signature, express instead gene signatures induced by
IL-21 and TGF-B, and produce mostly IgG1l and IgAl.
In the sustained immune reaction from COVID-19 patients,
plasmablasts shift to the expression of IgA2, thereby
reflecting an instruction by TGF-B. Despite their continued
presence in the blood, plasmablasts are not found in the lungs
of deceased COVID-19 patients, nor does patient IgA2 binds
to the dominant antigens of SARS-CoV-2. Our results thus
suggest that, in severe COVID-19, SARS-CoV-2 triggers
a chronic immune reaction that is instructed by TGF-B,
and is distracted from itself.of existing TGF- inhibitors for
the prevention and treatment of COVID-19 associated
microvascular thrombosis and immune dysregulation.

4. TGF-p1 Promotes Renal Fibrosis

Diabetic kidney disease pathology is characterized by
thickening of the glomerular basement membrane, mesangial
expansion, segmental glomerulosclerosis or global
glomerulosclerosis, tubulointerstitial fibrosis, and afferent
and efferent arteriole hyalinosis (Najafian et al., 2015).
TGF-B is also known as a prominent regulator of immune
reactions12, and it causes fibrosis13, a comorbidity of severe
COVID-19 patients14,15 For a cohort of patients with
severe COVID-19 requiring intensive medical care for up to
60 days, the continuous egress of plasmablasts into the blood,
reflecting a continued immune reaction. Initially, within

the first week of ICU admission, this immune reaction is
directed against SARS-CoV-2, as all patients acquired 1gG
antibodies against the S and N proteins. Later, IgA-expressing
plasmablasts are generated predominantly, reflecting
continued instruction of the B lymphocytes by TGF-f.
However, regarding their specificity, only one-third of the
patients express S protein-specific 1gA, and only 1 of those
expressed S protein-specific 1gA2, the terminal antibody
class targeted by TGF-B. Circulating plasmablasts are
clonally expanded and their antibodies are somatically
mutated, but not specific for SARS-CoV-2 S or N protein.
Taken together, these results point to TGF-B as a key
cytokine regulating a chronic immune reaction in severe
COVID-19, an immune reaction which is no longer directed
to SARS-CoV-2.

5. IL-17A as a Proinflammatory
Mediator in DN

IL-17A has been described as a circulating inflammatory
protein associated with increased risk of renal damage
progression [26]. Interestingly, circulating IL-17A levels are
related to the severity of kidney disease and progressively
decrease from subjects with normal glucose tolerance to
subjects with type 2 diabetes with and without DN [40]. In
agreement with this, patients with advanced DN present
lower levels of IL-17A in both plasma and urine [41].
However, Zhang et al. showed an increase in CD4+
CXCR5+ PD-1+ T follicular helper cells and plasma values
of IL-6 and IL-17 in patients with DN compared to healthy
controls [42]. Among cirrhotic hepatitis C virus infected
patients, serum IL-17A levels were higher in those that were
type 2 diabetic than in non-diabetic patients and controls [43].
Although these studies have addressed circulating or urinary
IL-17A levels in DN patients, local renal levels of 1L-17A
have not been investigated yet. Importantly, infiltration
of immune cells is a key feature of DN [17]. Activated
T cells (CD4+ and CD8+) are mainly located in the renal
interstitium of diabetic kidneys [44,45,46]. Although
CDA4+ IL-17+ cells are the main source of IL-17A production,
other cells, including macrophages, neutrophils, natural
killer, dendritic, and mast cells, have also been described to
produce this cytokine.

In this sense, in a pioneer study in renal biopsies of DN
patients, we described the local activation of inflammatory
pathways, specifically NF-xB activation linked to an
upregulation of proinflammatory factors, such as the
chemokine MCP-1 [14]. Since then, many preclinical studies
have demonstrated that MCP-1 can be a therapeutic target
and potential biomarker for DN. In this regard, clinical trials
targeting MCP-1 or its receptor have shown promising
results [48]. Nevertheless, studies evaluating the kidney
expression of IL-17A in human DN are needed to further
define its role in DN progression.
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Figure 3. Proposed mechanism of IL-17A-induced renal damage in diabetic nephropathy. Under diabetic conditions, renal resident cells are activated and
can produce different mediators that could contribute to recruit immune cells into the kidney. Infiltrating Th17 cells can locally produce IL-17A in the
diabetic kidney. Then, IL-17A acting on IL-17R on resident renal cells can produce additional proinflammatory mediators, contributing to sustained
inflammation. Moreover, IL-17A acting on tubular epithelial cells can induce phenotype changes, such as partial epithelial-to-mesenchymal transition (EMT)
and secretome changes. By these mechanisms, IL-17A participates in the amplification of the inflammatory response and the progression of renal damage,

finally leading to tubulointerstitial fibrosis

Providing diabetic patients with protection from the
development and progression of renal injury remains a
challenge for nephrologists. In this context, the need to
identify new therapeutic targets and additional strategies
for treating DN is clearly evident, especially since current
treatments do not completely stop the development and
progression of renal injury in the diabetic patient. Diabetic
nephropathy is considered an inflammatory disease, and
several reports recently demonstrated inflammasome
activation in association with diabetic nephropathy [119].
The modulation of inflammatory processes might be useful
in the prevention or therapy of DN. Inflammatory cytokines
exert an important diversity of actions implicated in this
disease, from development to the initial stages of diabetes to
progression and to late stages of renal failure. The
recognition of these molecules as significant pathogenic
factors and the development of new techniques for
examining changes in the expression of pathogenic genes
involved in inflammatory pathways in this complication will
provide new therapeutic targets.

6. Cellular and Molecular Mechanisms
of Fibrosis

Interleukin (IL)-11 is a member of the IL-6 family of
cytokines. Interleukin (IL)-11 is upregulated in a wide
variety of fibro-inflammatory diseases such as systemic
sclerosis, rheumatoid arthritis, pulmonary fibrosis,
inflammatory bowel disease, kidney disease, drug-induced
liver injury, and nonalcoholic steatohepatitis. IL-11 is a

member of the IL-6 cytokine family and has several distinct
properties that define its unique and nonredundant roles in
disease. The IL-11 receptor is highly expressed on stromal,
epithelial and polarized cells, where noncanonical IL-11
signaling drives the three pathologies common to all
fibro-inflammatory  diseases—myofibroblast activation,
parenchymal cell dysfunction, and inflammation—while
also inhibiting tissue regeneration. This cytokine has been
little studied, and publications on IL-11 peaked in the early
1990s, when it was largely misunderstood.
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Figure 4. In fibroblasts, IL-11 acts at a point of signalling convergence
downstream of multiple and diverse stimuli and is the nexus between
pro-fibrotic initiating factors and organ fibrosis. ANG I, angiotensin II;
bFGF, basic FGF; CTGF, connective tissue growth factor; ET-1, endothelin
1, OSM, oncostatin MAIl these cells release proinflammatory and
profibrotic factors such as CD40L, IL-6, transforming growth factor-p1
(TGF-B1), Rantes, and MCP-1, which act synergistically in the progression
of DN [47]
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IL11 is similar to IL6, and both form a GP130 heterodimer
complex to initiate its downstream signaling 25-28, but their
respective hexameric signaling complex formation differ 29.
While IL6R is expressed most highly on immune cells,
IL11RA is expressed in stromal cells, such as fibroblasts and
hepatic stellate cells, and also on parenchymal cells,
including hepatocytes. Hence, it may be expected that I1L6
biology relates mostly to immune functions whereas 1L11
activity is more closely linked to the stromal and parenchymal
biology 25, 30-32. Since the nineties, high IL11 release
during viral infections have been described 33, 34, and more
recently, several studies have related this interleukin to
fibrosis, chronic inflammation and matrix extracellular
remodeling 31, 35-39. It is also known that WNT5A and
IL11 have the ability of activating STAT3 signaling 40 and
this ability has been postulated as a possible mechanism to
link WNT5A gene with immunomodulation. WNT5A is a
member of WNT family proteins which plays critical roles
in a myriad of processes in both health and disease, such as
embryonic morphogenesis, fibrosis, inflammation or cancer
41. Several studies have described a crosstalk between
transforming growth factor-beta (TGFf) and WNT signaling
pathways during fibrotic processes 42-45, and more recently
with the increase in IL11 production 46. TGFp represents
the most prominent profibrotic cytokine by upregulating
production of extracellular matrix (ECM) components and
multiple signaling molecules 47.L.11 signaling-related genes,
such as STAT3 or TGFp, were also differentially expressed.
Subsequently, bioinformatics and functional assays revealed
that these four accessory proteins were implicated in
both inflammatory and fibrotic responses, suggesting the
involvement of ORF6, ORF8, ORF9b and ORF9c in
inflammatory and/or fibrotic responses in SARS-CoV-2
infection.

7. Conclusions

In conclusion, inflammatory cytokines could play a

crucial role in the pathogenesis of DN. Monitoring of
cytokines helps evaluate the immune status inflammation of
DN patients and identify those patients at high risk of
developing diabetes to select the best therapeutic option.
Taking into account 120 patients with diabetes mellitus 2
type infected with SARS-CoV-2 in Uzbekistan, as well
as a review of the literature, our observations showed that
among patients complicated by diabetes mellitus, severe
disease and high mortality rates are observed. Therefore, we
set ourselves the task of studying this situation more deeply.
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