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Abstract

Hyperinflammation distinguishes COVID-19 patients who develop a slight disease or none, from those progressing to severe and
critical conditions. CIGB-258 is a therapeutic option for the latter group of patients. This drug is an altered peptide ligand (APL)
derived from the cellular stress protein 60 (HSP60). In preclinical models, this peptide developed anti-inflammatory effects and
increased regulatory T cell (Treg) activity. Results from a phase I clinical trial with rheumatoid arthritis (RA) patients indicated
that CIGB-258 was safe and reduced inflammation. The aim of this study was to examine specific biomarkers associated with
hyperinflammation, some cytokines linked to the cytokine storm granzyme B and perforin in a cohort of COVID-19 patients
treated with this peptide. All critically ill patients were under invasive mechanical ventilation and received the intravenous
administration of 1 or 2 mg of CIGB-258 every 12 h. Seriously ill patients were treated with oxygen therapy receiving 1 mg
of CIGB-258 every 12 h and all patients recovered from their severe condition. Biomarker levels associated with
hyperinflammation, such as interleukin (IL)-6, IL-10, tumor necrosis factor (TNF-w), granzyme B, and perforin, significantly
decreased during treatment. Furthermore, we studied the ability of CIGB-258 to induce Tregs in COVID-19 patients and found
that Tregs were induced in all patients studied. Altogether, these results support the therapeutic potential of CIGB-258 for
diseases associated with hyperinflammation. Clinical trial registry: RPCEC00000313
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Introduction

Hyperinflammation is a characteristic of COVID-19 patients
that progress to a severe or critical stage (Xu et al. 2020).
Many patients during this phase advance toward cardiovascu-
lar collapse, multiple organ failure, and death (Mehta et al.
2020). In these circumstances, the therapies approved for au-
toimmune diseases are used to control hyperinflammation and
reduce mortality in patients with COVID-19. Treatments such
as monoclonal antibodies against proinflammatory cytokines
and Janus kinase inhibitors are also used (Huet et al. 2020;
Capraa et al. 2020; Peterson et al. 2020). These treatments not
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only reduce hyperinflammation but also cause immunosup-
pression, which negatively affects the treatment of COVID-
19 patients.

CIGB-258 is a peptide with anti-inflammatory properties.
This molecule is an altered peptide ligand (APL, called previ-
ously APL1 or CIGB-814 and here CIGB-258) derived from
human cellular stress protein 60 (HSP60). This peptide has
been used in the treatment of serious and critically ill
COVID-19 patients with promising results (Venegas-
Rodriguez et al. 2020). This drug received an Authorization
for Emergency Use by the Cuban Regulatory Authority for the
treatment of COVID-19 patients.

Previously, we showed that the regulatory effects induced
by the CIGB-258 peptide were associated with an increase of
regulatory T cells (Treg) and their suppressive capacity
against the antigen responding effector CD4+T cells from
patients with autoimmune diseases. Additionally, this peptide
induced a decrease of several proinflammatory cytokines dur-
ing preclinical studies (Dominguez et al. 2011; Barber et al.
2016; Lorenzo et al. 2017) and a phase I clinical trial with
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rheumatoid arthritis (RA) patients (Prada et al. 2018).
Similarly, this peptide induced a significant reduction of au-
toantibodies against cyclic citrullinated peptides and this de-
crease correlated with the clinical activity of RA (Corrales
etal. 2019).

Results indicated that the therapeutic effect of CIGB-258 in
animal models and RA patients is due to the processing and
presentation of this peptide by dendritic cells to T lympho-
cytes in lymph nodes, which induces the increase of Treg.
Activated cells migrate to the inflamed tissues and cross-
recognize wild-type peptide from HSP60, where its concen-
tration is increased by the inflammatory process. This new
contact with HSP60 may induce an effective immunoregula-
tory effect, reducing autoreactive T cells and inhibiting the
inflammatory process in RA (Dominguez et al. 2020).

To gain insights into the effect of CIGB-258 on seriously
and critically ill COVID-19 patients, we examined specific
biomarkers associated with hyperinflammation, i.e., certain
cytokines and molecules linked to cytokine storm, in a cohort
of patients treated with CIGB-258. Moreover, we analyzed the
ability of CIGB-258 to induce Tregs in three patients from this
cohort.

Materials and methods
Patients

Twenty-four patients confirmed as SARS-CoV-2-positive by
real-time reverse transcription polymerase chain reaction (RT-
PCR) were enrolled in this study. Patients were recruited for
the study between March 31 and June 30, 2020, from the Luis
Diaz Soto Hospital in Havana, Cuba. The patients’ data were
anonymously recorded to ensure confidentiality.

All patients with COVID-19 enrolled in the study were in a
severe or critical condition according to the Cuban national
protocol approved by the Ministry of Public Health for
COVID-19. The patients were classified according to clinical
and imaging criteria and laboratory parameters:

» Serious patients:

—  Fever, cough, and polypnea

— Bilateral multilobar interstitial pattern < 50% in chest x-
rays and CT

- Sp02<93 %

—  Neutrophil-to-lymphocyte ratio (NLR) > 3

*  Critical patients:
— Acute respiratory distress syndrome (ARDS) evidenced

by PaO2/FiO2 < 300 mm Hg.
—  Sequential organ failure assessment (SOFA)>2
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— Bilateral multilobar interstitial pattern > 50% in chest x-
rays and CT

—  Sepsis

—  Septic shock

The patients also received the standard therapy established
in the above-mentioned protocol (Ministry of Public Health of
Cuba 2020).

This study was conducted according to the Helsinki
Declaration for research in humans (World Medical
Association 2013) and the guidelines of the International
Conference on Harmonization (Dixon 1999). The Ethics and
Scientific Committees of each study site and the Cuban
Regulatory Authority (CECMED, http://www.cecmed.cu/)
approved the protocol. This study was registered as
RPCECO00000313 at the Cuban Clinical Trial Registry
(www.registroclinico.sld.cu).

The treatment with CIGB-258 was granted Authorization
for Emergency Use by the Cuban Regulatory Authority for
COVID-19 patients under the commercial name of Jusvinza
(CECMED 2020).

Design of the study

The information on each patient in the study included sex,
clinical classification (severe disease or critical condition),
and comorbidities. Laboratory tests and clinical outcomes
were obtained from medical records.

Data on safety were collected according to Regulation 45/
2007 from the Cuban Regulatory Authority: “Requirements
for reporting adverse events in ongoing clinical trials, based
on WHO regulations.” This regulation conforms to the
“National Cancer Institute Common Toxicity Criteria
Adverse Event version 3.0” (National Cancer Institute,
Frederick, MD, USA).

The treatment with CIGB-258 consisted of 2 mg or 1 mg
every 12 h, for critically or seriously ill patients, respectively.
Regardless of their clinical condition, the obese received 2 mg
every 12 h. Patients were treated until their serious clinical and
radiological conditions resolved, evidenced by the decrease in
inflammatory biomarkers (described in the next section). The
peptide was administered intravenously. Figure 1 shows the
design of this study.

Biomarker assessments

White blood cell count (WBC), the neutrophil-to-lymphocyte
ratio (NLR) in peripheral blood, and serum values of lactate
dehydrogenase (LDH), ferritin, C-reactive protein (CRP), and
calprotectin were quantified in all patients enrolled in the
study before and during the CIGB-258 treatment. A Sysmex
automated hematology analyzer was used to perform blood
counts according to the manufacturer’s protocol (Sysmex
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Design of Study

Intensive Care

2 mg of CIGB-258 per 12h/ Day of

/1 mg of CIGB-258 per 24 h

Unit Admission
Day 0

Intermediate Care

102 mg of CIGB-258 per 12 h

/ Extubation/ 3 Days

Resolve of serious

Unit Admission
Day 0

Fig. 1 Diagram of CIGB-258 therapy. CIGB-258 treatment for critically
ill patients (blue line) consisted of 2 mg every 12 h. After extubation, the
patients received 1 mg of CIGB-258 daily for another 3 days. Seriously ill
patients (red line) were treated with 1mg of CIGB-258 every 12 h, until

Partec, Milan, Italy). Serum samples were analyzed on a fully
automated clinical chemistry Instrument (Beckman Olympus,
Beckman, Germany), according to the manufacturer’s instruc-
tions. Calprotectin in sera was quantified by ELISA (R & D
Systems). Normal range: 481-6540 ng/mL

Cytokines, granzyme B, and perforin assessments

Serum samples were obtained before the CIGB-258
treatment and at 24, 48, 72, and 96 h after the first
inoculation. Serum IL-6, TNF-«, IL-10, granzyme B,
and perforin were measured using the Human CD8+
T-Cell Magnetic Bead Panel (HCDSMAGI15K17PMX,
EMD Millipore, Germany) according to the manufac-
turer’s instructions. Results were obtained through the
Luminex® analyzer and processed in the Milliplex
Analyst software v 5.1.0.0 (MAGPIX® and Millipex
EMD Millipore, Germany).

Treg assessments

Eight milliliters of blood was extracted from each patient and
placed in a vacutainer CPT (Becton—Dickinson). The ring
corresponding to mononuclear cells was obtained according
to the manufacturer’s instructions (Becton—Dickinson). Cells
were washed twice with 15 mL of buffer phosphate-buffered
saline (PBS) and centrifuged at 1500g after each washing.
Afterward, 10° cells were re-suspended in PBS and stained
with anti-CD4-FITC (clone RPA-T4), anti-CD25-PE (clone
BC96), and anti-CD127-APC (eBioRDRS5) antibodies, for
60 min at 4 °C. Stained cells were subsequently washed twice
in PBS. CD25"€" and CD127"% were performed on CD4+
gated T cells by a FACS Sysmex flow cytometer (Sysmex®,
Partec, Germany) using the Partec FlowJo software (FlowJo
10.6, BD Biosciences). Results were expressed as the frequen-
cy of CD4+ CD25"" CD127'°% T cells.

conditions

Days of treatment for critically ill patients

== Days of treatment for Severely ill patients

they resolved their serious clinical condition. Seriously ill obese patients
started therapy with 2mg of CIGB-258 every 12 h. The peptide was
administered intravenously

Statistical analysis

Continuous variables (Tables 1 and 2) were expressed as me-
dian (range) and compared with the Mann-Whitney U test;
categorical variables were expressed as number (%) and com-
pared by the x? test between severe and critical patients.
WBC, NLR, LDH, ferritin, CRP, calprotectin, cytokines,
granzyme B, and perforin were analyzed using GraphPad
Prism version 7.04 (GraphPadSofware, San Diego, CA,
USA). Samples were examined for normality and equal vari-
ance with the Kolmogorov-Smirnov and Bartlett tests, respec-
tively. Wilcoxon’s matched-pair signed rank test was used for
serum cytokines, calprotectin, granzyme B, and perforin
levels. Spearman’s rank correlations were used to examine
the associations between PaO2/FiO2 and NLR, and for neu-
trophil count and calprotectin. P values < 0.05 were consid-
ered statistically significant. Treg levels were descriptively
compared between baseline and after 48 h of CIGB-258 treat-
ment with no formal statistical tests.

Results
Baseline characteristics and therapy outcomes

Twenty-four patients with COVID-19 in serious or critical
condition treated with CIGB-258 were enrolled in this study.
To enable comparisons, we include here the baseline, comor-
bidities, and demographic characteristics of patients. There
were no significant differences for age and sex between the
patients in serious or critical condition (Table 1).

Eleven patients were classified as seriously ill and
thirteen as critically ill. Before the CIGB-258 treatment,
all critically ill patients had acute respiratory distress
syndrome (ARDS), according to the Berlin criteria
(Ranieri et al. 2012). These patients were under invasive
mechanical ventilation when starting the CIGB-258
treatment. Seriously ill patients had dyspnea, fever,
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Table 1 Baseline and therapy

characteristics of COVID-19 pa- All patients Severe Critical Pvalue
tients treated with CIGB-258 (n=24) (n=11) (n=13)
Characteristics
Age, media (range) 58 (19-91) 52 (19-91) 64 (42-87) ns
Sex
Female 13 (54.2%) 5 (45.5%) 8 (61.5%) ns
Male 11 (45.8%) 6 (54.5 %) 5 (38.5%) ns
Comorbidities
Any 6 (25%) 5 (45.5%) 1 (7.7%) 0.0339
Hypertension 12 (50%) 4 (36.4%) 8 (61.5%) ns
Obesity 6 (25%) 19 %) 5 (38.5%) ns
Chronic obstructive pulmonary disease 4 (16.7%) 19 %) 3 (23%) ns
Cardiovascular disease 3 (12.5%) 19 %) 2 (15.3%) ns
Diabetes 4 (16.7%) 19 %) 3 (23.1%) ns
Malignant tumors 2 (8.3%) - 2 (15.4%) ns
Chronic kidney disease 1 (4.2%) 19 %) - ns
Days of CIGB-258 therapy , media (range) 9.8 (4-20) 9.3 (4-15) 10 (5-20) ns
Respiratory supportive strategies
Mechanical invasive ventilation, 6.7 3-17) - 6.7 3-17) -
media (range)
Oxygen therapy 4.8 (4-6) 4.8 (4-6) - -

Differences were analyzed using the Mann-Whitney test and x2 test. ns, no significant difference

and fatigue. They were treated with oxygen therapy.
Table 2 shows the oxygen requirements before and after
treatment in both groups of patients.

Eighteen patients had one or more comorbidities, including
hypertension, diabetes, obesity, bronchial asthma, ischemic
heart disease, and cancer. Out of thirteen critically ill patients,
only one did not have comorbidities. Critically ill patients had

significantly more comorbidities than seriously ill patients
(Table 1).

All critically ill patients recovered from their ARDS. We
computed the ratio of the arterial partial pressure of oxygen to
fraction of inspired oxygen (PaO2/Fi02) for all patients
(Table 2). NLR levels were inversely associated with oxygen
uptake efficiency in the patients (P=0.0032) (Fig. 2).

Table 2 Laboratory assessment and oxygen requirements of COVID-19 patients under CIGB-258 treatment

Reference range  Seriously ill patients

Critically ill patients

Before treatment  End of CIGB-258 P value  Before treatment End of CIGB-258 P value
therapy therapy

Blood cell

WBC (10°/L) 4-11 8 (3.5-13.4) 10.1 (8-10.6) ns 13.6 (4.2-23.7) 11.62 (7.1-17) ns
Neutrophil (%) 50-70 69.35 (54.8-89)  63.61 (50.3-72.6) ns 83.31 (69.1-98) 75.62 (67-87)* 0.0450
Lymphocyte (%) 20-40 25.8 (14-40.6) 28.6 (18-43.9) ns 12.42 (3-32) 16.22 (9.2-24) ns
NLR <3 321 (1.35-5.7) 2.57 (1.14-3.9) ns 10.36 (3.06-32.33)  5.08 (2.8-9.13) ns
Prognostic markers

LDH(U/L) 230460 621 (325-905) 480 (325-785) ns 1681 (470-1043) 549 (312-798)* 0.0111
Ferritin (ng/mL)  12.5-350 663(58 —1106) 476 (42-1380) ns 1070 (383-1403) 428(78-668)** 0.0042
CRP (mg/L) <5 93 (5-148) 8.39 (1.5-12.9)* 0.0175 182 (37-494) 9.37 (3.6-15.5)*%* 0.0002
Oxygen requirements
PaO2/FiO2 >300 309 (170-250) 483 (417-667)* 0.0159 188 (107-290) 392(308-503 )3 <0.0001
SpO2 (%) >93 90.3 (61-99) 97.6 (97-99) ns 84 (74.7-92.6) 97.9 (93.1-99.7)*##%  <0.0001

WBC, white blood cell; NLR, neutrophil-lymphocyte ratio; LDH, lactate dehydrogenase; CRP, C-reactive protein; ns, no significant difference.
Differences were analyzed using the Mann-Whitney test (*P<0.05, **P<0.01, ***P<0.001, ****P<0.0001)
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Fig. 2 Correlation between PaO2/FiO2 and neutrophil-lymphocyte ratio
(NLR) levels in critical and severe COVID-19 patients treated with
CIGB-258. The analysis was performed using a Spearman correlation test

Seriously ill patients had a marked improvement in their
clinical condition after 48 h of treatment with CIGB-258.
Fever disappeared and they no longer required oxygen sup-
plementation. All patients included in this study were
discharged from the hospital. No adverse events associated
with CIGB-258 were reported during therapy or in the
follow-up stage.

CIGB-258 on hyperinflammation biomarkers in critical
and severe COVID-19 patients

Laboratory tests associated with hyperinflammation included
WBC, NLR in peripheral blood, LDH, ferritin, and CRP,
which were gradually normalized during therapy with
CIGB-258 (Table 2). Calprotectin was quantified in all pa-
tients before treatment and at day 4 after beginning the therapy
with CIGB-258. Therapy with CIGB-258 led to a significant
reduction (P=0.0250) of this biomarker (Fig. 3a). The reduc-
tion in calprotectin levels significantly correlated (P<0.0001)
with a decrease in neutrophil counts (Fig. 3b).

Fig. 3 Effect of CIGB-258 on a
calprotectin levels. a Calprotectin
levels were quantified in the first
patients (critical and severe) in-
cluded in this study. Serum sam- [
ples were obtained before treat-
ment and at 96 h. Differences
were analyzed using Wilcoxon
matched-pair signed rank test
(*P< 0.05). b Correlation be-
tween neutrophils count and
calprotectin levels during therapy.
The analysis was performed using
a Spearman correlation test
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CIGB-258 on cytokines and hyperinflammation
molecules in critically and severely ill COVID-19
patients

IL-6, TNF, IL-10, granzyme B, and perforin levels were quan-
tified in the patients (critical and severe) initially included in
this study. The cytokines were quantified in the sera of pa-
tients before treatment and at each 24 h, after beginning the
therapy with CIGB-258. The therapy with CIGB-258 led to a
significant reduction (IL-6 P=0.006; TNF P=0.0134; IL-10
P=0.0002) of these cytokines at day 4 (Fig. 4).

Figure 5 shows the effect of CIGB-258 on granzyme B and
perforin levels. Serum samples were obtained before the start
of the treatment and at 96 h after beginning the CIGB-258
therapy. The treatment with CIGB-258 led to a significant
reduction (granzyme B P=0.0171; perforin P= 0.0210) of
these molecules after 96 h.

Evaluation of Treg Induced by CIGB-258 in PBMC of
patients

The induction of Treg by the CIGB-258 peptide was analyzed
using PBMC from three seriously ill COVID-19 patients.
Samples were screened for the frequency of CD4+
CD25"E"CD127°% T cells by flow cytometry. Figure 6 shows
the analysis corresponding to a typical patient. There was an
increase of one log (from 4.22 to 5.22) in Treg cell frequency
in these patients (Fig. 6).

Discussion

CIGB-258 induced regulatory effects that have been associat-
ed with the inhibition of inflammation in several experimental
models and patients with RA. The molecular mechanism of
CIGB-258 in preclinical studies has been associated with a
decrease of chronic inflammation related to the regulation of

100 °

r=0.6165
P<0.0001
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Fig. 4 Effect of CIGB-258 on cytokines. a IL-6, TNF, and IL-10 levels
were quantified in the first patients (critical and severe) included in this
study. Serum samples were obtained before treatment and at 96 h.
Differences were analyzed using the Wilcoxon matched-pair signed rank

the immune system (Dominguez et al. 2011; Barbera et al.
2016; Lorenzo et al. 2017; Prada et al. 2018; Corrales et al.
2019).

This peptide has been used in the treatment of serious and
critically ill COVID-19 patients with favorable results
(Venegas-Rodriguez et al. 2020). In fact, the treatment with
CIGB-258 was granted Authorization for Emergency Use by
the Cuban Regulatory Authority for COVID-19 patients. In
this study, we analyzed the behavior of several biomarkers
associated with hyperinflammation; NLR; cytokines; gran-
zyme B; and perforin in a cohort of seriously and critically
ill COVID-19 patients treated with CIGB-258. Furthermore,
we analyzed the ability of CIGB-258 to induce Tregs in three
patients from this cohort. The major limitation of this study is
the absence of data from a control group using placebo treat-
ment. However, this study showed that a positive outcome for
patients is associated with a decrease of inflammation
biomarkers.

The critical patients included in this study had more comor-
bidities than the seriously ill patients, in accordance with the
characteristics of the disease and with reports from other au-
thors (Chen et al. 2020a; Ruan et al. 2020). Clinical and ra-
diological improvements were found in all patients,

test (*P<0.05, ***P<0.001). b IL-6 levels were quantified independently
in seriously and critically ill patients. Serum samples were obtained be-
fore treatment and at 96 h. Differences were analyzed using the two-way
ANOVA and Bonferroni’s multiple comparisons test (¥**P<0.001)

approximately after 48 h of treatment with CIGB-258. This
outcome coincides with our previous report (Venegas-
Rodriguez et al. 2020). These improvements were linked with
a normalization of inflammatory markers such as LDH, ferri-
tin, and CRP. These results are very interesting and reinforce
the therapeutic potential of CIGB-258 for COVID-19 patients.

LDH is considered a sensitive and specific disease-
progression marker of COVID-19 pneumonia (Wu et al.
2020b). Another interesting biomarker is ferritin. Multiple
studies correlate elevated ferritin levels in COVID-19 with
poor outcomes (Chen et al. 2020a; Ruan et al. 2020; Wang
et al. 2020a; Zhou et al. 2020). Likewise, increases in CRP
levels have been strongly associated with an unfavorable pro-
gression of COVID-19 disease, such as ARDS (Wu et al.
2020a)

NLR is another biomarker considered in therapeutic inter-
vention with CIGB-258. This ratio is considered a biomarker
of systemic inflammation and infection (Curbelo et al. 2017,
Liu et al. 2016). Specifically, the combination of NLR and
advanced age have been used as biomarkers indicating poor
clinical outcomes in COVID-19 patients (Yang et al. 2020;
Liu et al. 2020; Qin et al. 2020). Before the CIGB-258 treat-
ment, patients in this cohort had an NLR greater than 3.2 and it

Fig. 5 Effect of CIGB-258 on Gramzyme B Perforin
granzyme B and perforin levels.
1 600 7 20000 A
Serum samples were obtained . *
before treatment and at 96 h. | — [ 1
Differgnces were analyzeq using 4004 ® 15000 - °
the Wilcoxon matched-pair b
signed rank test (*P< 0.05) O ° 4
E 004 £ 10000+
o o ol® [ ]
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Fig. 6 Effect of CIGB-258 on 102
regulatory T cells. PBMC were
isolated from seriously ill patients
before treatment and at 48 h.
These cells were screened for the
frequency of
CDI127"°VCD25""CD4+ T cells
by flow cytometry, before therapy
(a) and after 48 h (b)

CD25-PE
3

CD25-PE

CD127-APC

a

was much higher in critically ill patients than in seriously ill
patients. After CIGB-258 therapy, NLR decreased to less than
5.1 for critically ill patients and to 3.2 for seriously ill patients
while neutrophil and lymphocyte counts normalized progres-
sively. We found a significant correlation between the de-
crease in the NLR and the improvement of ventilator param-
eters. These results reinforce the therapeutic potential of this
peptide for the treatment of patients with COVID-19.

Lymphopenia correlates with COVID-19-associated dis-
ease severity (Chen et al. 2020a; Diao et al. 2020). Several
papers have demonstrated that lymphopenia is linked with the
functional exhaustion of cytotoxic lymphocytes in COVID-19
disease during the second week of the disease. The numbers of
natural killer cells, total T cells, and CD8+ T cells were sig-
nificantly lower in patients presenting severe symptoms than
in those with mild symptoms and in healthy controls (Zheng
et al. 2020b). Some authors found that granzyme (GZM) B
and perforin were increased in CD8+ T cells of severely ill
patients (Zheng et al. 2020a; Liao et al. 2020).

Our data show that granzyme B and perforin levels de-
crease significantly in the serum of patients 96 h after the start
of treatment with CIGB-258. This is associated with the nor-
malization of lymph cell counts. These results are consistent
with a decrease in inflammation and the progressive restora-
tion of the competent immune function that leads to a recovery
in seriously and critically ill patients.

Furthermore, neutrophilia and lymphopenia are related to
cytokine storm induced by coronavirus invasion
(Channappanavar and Perlman 2017; Cao 2020). Several
studies revealed that severely ill patients tended to have a
higher concentration of IL-6 than moderately ill patients with
COVID-19 (Chen et al. 2020a, b; Qin et al. 2020; Huang et al.
2020; Mehta et al. 2020).

During CIGB-258 therapy, IL-6 levels are significantly
reduced, which indicates a reduction of inflammation that is

CD127-APC

b

associated with a clinical improvement of patients (Dienz and
Rincon 2009).

TNF-o promotes a long-lasting inflammatory response as-
sociated with autoimmune disorders such as RA (Choy 2012;
Gupta et al. 2005; Wang et al. 2008). Venegas et al. showed
that TNF-«, IL-6, and IL-10 decreased during CIGB-258
treatment (Venegas-Rodriguez et al. 2020). Consistent with
our previous report, TNF-« decreased significantly during
therapy with CIGB-258 in this cohort. This result is consistent
with the decrease in IL-6 and the recovery of the patients.

Interestingly, COVID-19 patients also exhibit an increase
of the anti-inflammatory cytokine IL-10 associated with a
worsening of the disease (Huang et al. 2020). IL-10 is a cyto-
kine with multiple pleiotropic effects in immunoregulation
and inflammation (Rojas et al. 2017). Virus-like
coronaviruses have involved mechanisms that exploit the im-
munoregulatory function of IL-10 for immune evasion, sup-
pression and tolerance, promoting survival viability (Perlman
and Dandekar 2005). Diao et al. (2020) found a correlation
between high levels of IL-10 with reduction and functional
exhaustion of CD8+ and CD4+T cell, suggesting that this
cytokine plays an important role in the pathogeny of SARS-
CoV-2. The CIGB-258 treatment had an impact on serum IL-
10 levels, with a significant reduction after 96 h of therapy,
which contributed to a clinical improvement in patients.

On the other hand, IL-10 is commonly secreted by T cells,
macrophages, and monocytes. However, in this case, accord-
ing to the marked lymphopenia characteristic of COVID-19
patients, T cells can not contribute to high levels of IL-10.

Previous studies have shown that CIGB-258 decreases the
viability of monocytes and macrophages under inflammatory
context (Barbera et al. 2013). This is probably the mechanism
through which serum IL-10 levels are controlled in COVID-19
patients. However, a decrease of inflammatory cytokines such
as IL-6 and TNF-« may downregulate the IL-10 secretion.
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We also assessed calprotectin levels in patients and found
that CIGB-258 reduced calprotectin in their sera and this re-
duction correlated with the decrease in neutrophil counts.
Coincidentally, in a previous report, we described that
CIGB-258 reduced calprotectin to normal levels in a patient
diagnosed with COVID-19 and hepatic encephalopathy
(Gonzalez-Zorrilla et al. 2020). These findings are interesting
since calprotectin significantly increases in the serum of pa-
tients with inflammatory diseases, stimulating macrophages
and neutrophils recruitment, and inducing cytokine secretion
(Wang et al. 2018). Furthermore, elevated serum levels of
calprotectin are correlated with unfavorable clinical outcomes
in COVID-19 patients (Chen et al. 2020c¢).

On the other hand, several authors have emphasized the
incidence of lymphopenia with significantly reduced numbers
of T cells in severe COVID-19 patients (Chen et al. 2020a;
Nie et al. 2020; Zheng et al. 2020b).

Current evidence suggests that peripheral Tregs are highly
reduced in severely ill COVID-19 patients as compared to
those with a mild disease (Chen et al. 2020a; Wang et al.
2020b). Additionally, in several studies, reduced frequencies
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Fig. 7 CIGB-258 could inhibit the activity of monocytes, macrographs,
and neutrophils and decreases IL-6, TNFa, and IL-10 levels. These effects
contribute to the restoration of normal levels of neutrophils and lympho-
cytes and the decrease of granzyme B and perforin. Besides, the thera-
peutic effect of CIGB-258 could enhance by the progressive expansion of
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of Treg cells were observed in severe COVID-19 cases (Chen
et al. 2020a; Qin et al. 2020). Although the reasons for the
reduced frequency of Tregs in peripheral blood are not
completely understood, one possibility is that Tregs may have
migrated to the lungs to prevent tissue damage. Since Treg
cells have been shown to help resolve ARDS inflammation in
mouse models (Walter et al. 2018), a loss of Tregs may lead to
the development of COVID-19 lung immunopathology.

The molecular mechanism of CIGB-258 in preclinical studies
of RA has been linked with an increase of Treg and a decrease of
proinflammatory cytokines, but without reducing the percentage
of T effector cells (Dominguez et al. 2011; Barbera et al. 2016;
Lorenzo et al. 2017). Induction of Treg by the CIGB-258 peptide
in ex vivo assays using PBMC from RA patients has been ex-
haustively analyzed. An increase in the frequency of Treg cells
of more than 1.5-fold was found in the case of cells incubated
with the CIGB-258 (Dominguez et al. 2011).

Here, we analyzed the ability of CIGB-258 to induce Tregs
in seriously ill COVID-19 patients. There was an increase of 1
unit in patients after 48 h of treatment with CIGB-258, as com-
pared to the baseline. This finding is consistent with the clinical
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improvement of the patients and the progressive recovery of
lymphocyte counts. These preliminary results must be con-
firmed in a larger number of patients. It will be interesting if
future studies will show that Tregs induced by CIGB-258 re-
main as memory T cells in the bloodstream of these patients.

HSP60, from which CIGB-258 is derived, is considered an
autoantigen for several autoimmune diseases, involved in the
regulation of the immune response. Its derived epitopes per se
are known to induce Treg (Prakken et al. 2003; Cohen et al.
2004; van Eden et al. 2005). Recently, Gammazza et al. iden-
tified the chaperones that can putatively participate in molec-
ular mimicry phenomena after SARS-CoV-2 infection.
Specifically, these authors identified a six-amino acid epitope
from HSP60 that is shared with the SARS-CoV-2 replicase
polyprotein lab. They also proposed that post-translational
modifications, induced by physical (shear) and chemical
(metabolic) stress caused respectively by hypertension and
diabetes risk factors, may play a role in determining HSP
localization and, in turn, autoimmune-induced endothelial
damage (Gammazza et al. 2020).

It is likely that the therapeutic effect of CIGB-258 in
COVID-19 patients is enhanced by the progressive expansion
of Treg. These activated cells migrate to inflammation sites
and cross-recognize wild-type epitope from HSP60, which is
expressed on endothelial tissue, inhibiting autoimmune-
damage in the endothelium induced during viral infection.
Moreover, the peptide could inhibit the activity of monocytes,
macrographs, and neutrophils. This inhibition may contribute
to the decrease in IL-6, TNFa, and IL-10 levels and to the
restoration of normal levels of neutrophils and lymphocytes
and the decrease of granzyme B and perforin in sera (Fig. 7).
These factors contribute to a resolution of hyperinflammation,
evidenced by the reduction of inflammation biomarkers and
the positive outcome of the patients

Patients treated with CIGB-258 did not show symptoms of
possible immunosuppression during the therapy and follow-
up stages. This therapy restores the neutrophils/lymphocytes
ratio and induces a favorable outcome for patients. The early
administration of CIGB-258 may improve the condition of
seriously ill patients and prevent their progression to the crit-
ical stage. Recently, we have continued to treat a cohort of
patients classified as mildly ill, but with hyperinflammation
signs. These patients did not progress towards severe illness.
These results indicate the therapeutic potential for CIGB-258
and support further investigation of this drug for the treatment
of hyperinflammation. The assessment of its efficacy will re-
quire further randomized, placebo-controlled trials of the
CIGB-258 treatment.
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