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Abstract

Human heat-shock protein 60 (HSP60) is an autoantigen involved in the pathogenesis of rheumatoid arthritis (RA). Epitopes
derived from HSP60 can trigger activation of regulatory T cells (Treg). CIGB-814 is an altered peptide ligand (APL) derived from
HSP60. In preclinical models, this peptide had anti-inflammatory effects and increased Treg. The results from phase I clinical trial
indicated that CIGB-814 was safe and activated mechanisms associated with induction of tolerance. Biodistribution profile for
inducers of tolerance is crucial for triggering its effects. The primary goal of this study in Lewis rats was to identify (1) the target
organs of CIGB-814 and (2) the pharmacokinetics (PK) profile. '**I-CIGB-814 administered subcutaneously at three dose levels
was distributed in the thyroid gland, but also at considerable levels to the stomach and small and large intestines. In addition,
concentration of CIGB-814 was increased in lymph nodes (LNs) at 24 h, compared with 4-h post-administration. Small intestine
and LNs are excellent sites for induction of tolerance, due to the characteristics of dendritic cells in these tissues. Maximum
concentration of CIGB-814 in blood of Lewis rats at 0.5 to 1 h agrees with PK profile determined for patients. Altogether, these
results support therapeutic possibilities of CIGB-814 for RA.
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Introduction

Heat-shock proteins (Hsps) are among the most conserved and
immunogenic proteins shared by microbes and mammals. T
and B cells induced by a microbial HSP may cross-react with
corresponding human Hsp and trigger an autoimmune re-
sponse, which if unrestricted can lead to immune pathology
(Rajaiah and Moudgil 2009). Cohen and Young postulated
that HSP could be part of the immunological homunculus,
which includes a few dominant self-antigens encoded in a cell
regulatory network comprising the immune system’s picture
of self (Cohen and Young 1991).

Specifically, HSP60s can act as stimulators of the adaptive
immune response through their ability to bind antigenic

P4 Maria del Carmen Dominguez
mcarmen.dominguez @cigb.edu.cu

Biomedical Research Department, Center for Genetic Engineering
and Biotechnology, P.O. Box 6162, 11300 Havana, Cuba

Present address: Department of Science and Technology, National
University of Quilmes, Bernal, Argentina

Published online: 04 December 2019

peptides during intracellular antigen processing (Srivastava
2005; Tukaj and Kaminski 2019). Epitopes from HSP60 in-
volved in inhibition of T and B cells in adjuvant induced
arthritis (AA) models have been identified (van Eden et al.
1988; Alberta et al. 2000; Kim et al. 2016; Dominguez et al.
2011). Some authors have postulated that peptides derived
from HSP60 can trigger activation of Treg (Prakken et al.
2003; Cohen et al. 2004; van Eden et al. 2005).

In addition, epitopes from human HSP60 were selected
with the aim of inducing tolerance in patients with RA
(Prakken et al. 2004; Koffeman et al. 2009; Prada et al. 2018).

RA is a systemic autoimmune disease mediated by activa-
tion of TH1 and TH17 (Kotake et al. 2017). In the last two
decades, significant progresses have been achieved in the
knowledge of the immunological and molecular mechanisms
of RA. These were translated into a generation of biological
therapeutic agents that target pro-inflammatory cytokines
(Breedveld et al. 2006), inhibition of T cell co-stimulation
(Blair and Deeks 2017), and the depletion of B cells
(Chatzidionysiou et al. 2011). However, these approaches re-
main vulnerable by limitations associated with serious infec-
tions (including tuberculosis), lymphoma and other
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malignancies, demyelinating disorders, hepatotoxicity, hyper-
lipidemia, and cardiotoxicity (Rubbert-Roth 2012).

Induction of peripheral tolerance using autoantigens in-
volved in the pathogenesis of RA remains considered an in-
teresting therapeutic approach for this disease. Unlike current
biological therapies, induction of tolerance is not aimed at
suppressing the immune system, but at regulating the magni-
tude of inflammation.

We previously designed novel APL (called previously
APL-1 and here called CIGB-814) derived from human
HSP60 using bioinformatics tools. This peptide increased
the frequency of Treg and their suppressive capacity against
antigen responding effector CD4" T cells from RA patients. In
addition, this peptide inhibits significantly IL-17 levels pro-
duced by effector CD4* T cells from peripheral blood mono-
nuclear cells (PBMCs) of RA patients (Kim et al. 2016;
Barbera et al. 2016).

Additionally, CIGB-814 reduced the course of AA in
Lewis rats model (Breedveld et al. 2006). Likewise, this
APL efficiently inhibits collagen-induced arthritis in DBA/1
mice, similar to Methotrexate, which is the current standard
treatment for RA. In both animal models, the therapeutic ef-
fect induced by CIGB-814 was associated with a decrease of
tumor necrosis factor o« (TNFx) down to physiological levels
and the induction of Treg (Lorenzo et al. 2017).

Recently, in a phase I clinical trial, safety and PK were
evaluated as primary end points for the subcutaneous (SC)
administration of CIGB-814. Preliminary evidences of effica-
cy were observed and documented (Koffeman et al. 2009;
Corrales et al. 2019). In particular, PK study showed that
CIGB-814 reached the maximum concentration in plasma in
30 min and was cleared mostly after 4 h (Cabrales-Rico et al.
2017).

A biodistribution profile of this therapeutic candidate is
crucial for triggering the mechanisms that mediate peripheral
tolerance. For this reason, the primary intention of this study
was to identify into which organs CIGB-814 was distributed,
when inoculated by SC route in Lewis rats, using three differ-
ent doses, as well as identify the PK profile of this peptide.

Material and methods
CIGB-814 labeling procedure

Peptide was labeled with '*°I following a standard procedure
previously reported (Schumacher and Tsomides 2001). At the
end of the reaction, ['*°I]-CIGB-814 was purified by solid
phase extraction using SepPak C18 cartridge (Waters, USA).
Samples were weighted in analytic scales (Precise, Sweden)
and measured in automatic gamma counter (Wallac, Sweden)
calibrated for the emission energy of 1251, ['*°1]-CIGB-814
showed a specific activity of 27.3 MBq/ug and a total activity
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0f'37.0 MBg/mL in 2 mL. In these conditions, three solutions
were prepared (A, B, and C) to be administered to animals.
Table 1 shows the characteristics of these solutions. Three
reference samples of 100 puL from each of the dose solution
A, B, and C were tested for total radioactive content.

NA not applicable

Animals

All animal procedures were performed in accordance with the
guidelines approved by the Ethical Committee and National
Regulations for experiments with animals and by the
European Union guidelines for animal experimentation
(Directive 2010/63/EU, 2010). Twenty-seven male Lewis rats
ofabout 150 g were supplied from Charles River Europe. Rats
were caged in European standard cages type III. The air was
exchanged approximately 12 times per hour in the animal
house. Temperature, controlled via the ambient ventilation
system, was 20 to 24 °C. Light cycle was 12-h dark and 12-
h light (lights on 06.00). Diet and water were administered ad
libitum.

Dosing for biodistribution and pharmacokinetic
studies

For each animal ['*’I]-CIGB-814 was administered SC 5 mL/
kg of either formulation A, B, or C (Table 2) according to the
group. The same syringe was used for all animals given the
same dose solution in order to avoid losses by dead volume.
The dosing volume was checked by weighing the syringe
before each injection.

At the end of experimentation, the animals were euthanized
by exposure to CO, (medical quality) from a cylinder with the
compressed gas and via in-house pipelines. More than 100 uL
of'blood were drawn at each time point and considerable more
was drawn at the last time point (24 h). Each blood sample
was weighed. For the biodistribution study, animals were eu-
thanized at either 4 h or 24 h after the administration and the
tissues were dissected free immediately, weighed and frozen at
—20 °C. The amount of radioactivity was determined in each
blood and tissue sample. The weights were used to normalize
the content of radioactivity of each sample.

Biodistribution study

Eighteen rats (6 animals per group) were inoculated each with
dose solution according to Table 2. Fourteen tissues from 9
animals (3 animals per group) were isolated at 4 and 24 h, after
administration. The body weights were recorded (186 to
212 g) at the day of dosing and clinical observations were
logged during the test period.
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Table 1 Formulation of dose solutions

Solution Concentration Peptide (cold) Solution A Peptide ['>°] PBS Used for group #
A 1.00 mg/mL 19.8 mg NA 2 mL 18 mL 1,4,and 5

B 0.20 mg/mL NA 4 mL NA 16 mL 2,6,and 7

C 0.05 mg/mL NA 1 mL NA 19 mL 3,8,and 9

Pharmacokinetic study

Nine rats (3 animals per group) were inoculated each with
dose solution according to Table 2. Blood was collected by
retro orbital bleeding under CO,/O, anesthesia. Samples were
drawn at 8 time points: pre-dose, 1 min, 15 min, 30 min and 1,
4, 8 and 24 h post-administration.

Data analysis

The descriptive statistic package provided by Microsoft Excel
was used for biodistribution and pharmacokinetic data analy-
sis. The PKsolver add-ins of the Microsoft Excel was used for
the pharmacokinetic parameters estimation. A significance of
a < 0.05 was taken into account for dose dependency analysis.

Results
Biodistribution study

Biodistribution profile of ['*°I]-CIGB-814 at 4 and 24 h post-
administration is shown in Fig. 1. The peptide concentration
was high in thyroid at these two times while in the kidney, the
peptide level was appreciable at 24 h. ['*’I]-CIGB-814 was
widely distributed in the stomach and small intestine, even 4 h
post-administration. Peptide concentration was low in the liv-
er, brain, heart, and spleen. In addition, [125 []-CIGB-814 was
detected in a wide distribution of lymph nodes at 24 h that was
increased from that at 4 h.

Pharmacokinetic study

Plasmatic concentration of ['*’I]-CIGB-814 over time was in
agreement with the extravascular drug administration (SC).
Figure 2 (panel a) shows the graphic plots for three dose levels
(5 mg/kg, 1 mg/kg, and 0.25 mg/kg). According to data anal-
ysis, the inter-individual variation, expressed as standard de-
viation of the average concentration value at each time point,
was suitable, displaying higher values in the higher dose level
(5 mg/kg).

The fitting to compartmental pharmacokinetic models was
not homogeneous; thus, PK analysis was performed by non-
compartmental analysis, considering single subcutaneous ad-
ministration of assessed drug candidate. Main

pharmacokinetic parameters are listed in the Table 3, for the
three dose levels. Dose dependency for AUC, based on the
narrow 95% confidence interval, was obtained for each dose
level (Fig. 2, panel b).

Discussion

A significant progress in understanding of the mecha-
nisms of RA has taken place in last years and such knowl-
edge has been translated into novel anti-cytokines ap-
proaches. However, these treatments have some limita-
tions such as induction of adverse events, approximately
40% of patients do not respond and the high cost of the
treatment (Rubbert-Roth 2012).

Antigen-specific immunomodulation is a different ap-
proach; it provides a tool for inducing peripheral tolerance to
pathogenic T cell clones. APLs are an option for this ap-
proach. Conceptually, said peptides mediate their therapeutic
intervention by inhibiting specific antigenic T cells, whereby
lower toxicity is expected, compared with agents targeting
broadly active inflammatory cytokines (Garrood and Pitzalis
2006).This therapy aims to regulate the magnitude of the im-
mune response, without causing immunosuppression.

Previously, we showed that CIGB-814 induced regulatory
properties associated with inhibition of inflammation in sev-
eral experimental models (Dominguez et al. 2011; Barbera
et al. 2016; Lorenzo et al. 2017).

A phase I clinical trial with CIGB-814 was carried out in 20
moderately active RA patients. Sequential dose-escalation of
1,2.5, and 5 mg of CIGB-814 was studied. This treatment was
well tolerated at all doses. These patients showed decreases of
clinical activity of RA. CIGB-814 significantly decreased IL-
17 in patients treated with 2.5 mg. Therapy with 1 mg and
2.5 mg of CIGB-814 led to a significant reduction of interfer-
on gamma (IFN-y) (Prada et al. 2018).

On other hand, CIGB-814 induced a significant reduction
of autoantibodies against cyclic citrullinated peptides (anti-
CCP antibodies), this decrease correlated with clinical activity
of RA (Corrales et al. 2019). Results from preclinical studies
and phase I clinical trial indicate that CIGB-814 induces
mechanism associated with induction of tolerance.

We think that this therapeutic approach is closely associat-
ed with biodistribution profile of antigenic molecule, since
depending on the tissue where the molecule is located, this
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Table2  Animal’s allocation according to the dosing groups, and different experiments carried out

Gr. no. Animal no. Dose solution (xmg/mL) Dose (mg/kg) Experiments

1 1-3 A1) 5 Pharmacokinetic

2 4-6 B (0.2) 1 Pharmacokinetic

3 7-9 C (0.05) 0.25 Pharmacokinetic

4 10-12 A 5 Biodistribution (4 h)
5 13-15 A 5 Biodistribution (24 h)
6 16-18 B (0.2) 1 Biodistribution (4 h)
7 19-21 B (0.2) 1 Biodistribution (24 h)
8 22-24 C (0.05) 0.25 Biodistribution (4 h)
9 25-27 C (0.05) 0.25 Biodistribution (24 h)

can cross talk with antigen presenting cells. In addition, it can
contact with cytokines, as well as other cells and molecules
essential to induce tolerance.

Biodistribution of a peptide can be influenced by antigen,
doses, and the route of inoculation. The end points of this
study were to determine the biodistribution and PK profile
of three different CIGB-814 doses in Lewis rats, inoculated
by SC route.

Here, concentration of peptide was high in the thyroid
and kidneys at 4 h after the administration by SC route.
This result is due to the peptide being labeled with iodine
and this element is sequestered by the thyroid and then is
eliminated through the kidneys. Concentration in thyroid
was higher at 24 h after administration in comparison with
4 h, probably indicating the peptide degradation and the
accumulation of '*°I in this tissue due to the physiologic/
metabolic processing reported for this radioisotope.
(Chien-Chih et al. 2017).

Interestingly, ['*°I]-labeled peptide was distributed mainly
to the stomach and small intestine, as early as 4 h post-admin-
istration. At 24 h, concentration of CIGB-814 was high in the
stomach and small and large intestines.

Radioactivity was at relatively low levels in the liver,
spleen, heart, and brain regardless time post-administration
of ['**I]-labeled peptide. These experimental facts could indi-
cate a low-toxicity of CIGB-814 seen in preclinical models
(mice and dogs, manuscript in preparation) as well as the very
favorable safety profile observed in phase I clinical trial (Prada
et al. 2018).

Biodistribution profile of CIGB-814 was practically iden-
tical for two other administration routes studied: intravenous
and intradermal (data not shown). These results are different
from those previously reports for other synthetic peptides ob-
tained in our Institute and evaluated in clinical trials for other
therapeutic interventions.

For instance, CIGB-300 an antitumor cell-penetrating pep-
tide that binds to several Casein Kinase II substrates impairing
their phosphorylation, when labeled with **™Tc regardless the
administration route either intravenously or intraperitoneally,
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showed the same biodistribution pattern mainly in lungs,
blood, and tumor tissues (Perera et al. 2008).

Likewise CIGB-552, another antitumor cell-penetrating
peptide targeting the COMMDI1 molecule, labeled with
['*'I] and administered subcutaneously, was mainly distribut-
ed to the liver and kidneys (excretions pathways), but it was
detected immediately (as early as 20 min post-administration)
in the tumor tissue, having a prevalence there up until the 24 h
post-administration (Vallespi et al. 2014).

Moreover, another peptide known as growth hormone-
releasing hexapeptide having wide cytoprotective effects,
when it was labeled with ['*°I] and administered intravenous-
ly, displayed a biodistribution profile to large intestine, ac-
cording to the metabolic and excretion pathways proposed
for this secretagogue peptide family (Davis et al. 1994;
Roumi et al. 2000).

Although these peptides were obtained by chemical syn-
thesis like CIGB-814, it is important to remark that no matter
the administration route or even labeling strategy used in the
PK-BD studies, the biodistribution profile was strongly relat-
ed to biological activity and action mechanism of the specific
peptide.

This particular biodistribution of CIGB-814 to the gut
could be associated with the fact that this peptide is derived
from a conserved region of HSP60 (Kim et al. 2016). This
protein is expressed by commensal bacteria in gastro-
intestinal tract. HSPs derived from commensal microbes can
stimulate immune-regulatory pathways for the maintenance of
intestinal homeostasis (Ohue et al. 2011). Repeated contacts to
microbiota-associated HSP in the gut mucosa may induce
HSP-specific Tregs to conserved epitopes from this molecule
(Lathrop and Bloom 2011; van Eden et al. 2017).

In addition, the small intestine is an excellent site for in-
duction of tolerance, due to characteristics of dendritic cells in
this tissue (Steimle and Frick 2016).

On the other hand, concentration of CIGB-814 was in-
creased in LNs at 24 h, regarding to 4-h post-administration.

LNs are unique organs distributed all over the body.
They have to filter the lymph for incoming antigens from
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Fig. 1 Biodistribution profiles of
['%1]-labeled CIGB-814 at 4 h (a)
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the draining area to defend the body. Interestingly, remov-
ing the lymph nodes (LNs) leads to various different re-
sponses in the body; for example, the immune response in
the gut system is enhanced after LNs dissection (Buettner
and Bode 2012).
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Therapeutic effect induced by CIGB-814 in two animal
models for RA was associated with an increase of Treg cells
and a decrease of TNF«x level down to physiological levels.
Also, this peptide inoculated subcutaneously induced an in-
crease of Treg in the draining lymph nodes of healthy mice
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Fig. 2 Pharmacokinetic study. a Distribution of ['*I]-labeled peptide in blood over time. The peptide was administered at 5 (thombuses), 1 (squares),
and 0.25 (triangles) mg/kg. b Inter-individual variation, expressed as standard deviation of the average concentration value at each time point
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Table 3 Pharmacokinetic parameters calculated by using “PK solver 2.0”

Pharmacokinetic parameters calculated by using “PK solver 2.0” dose T% (h) Tmax (h) Cmax (CPM/g) AUC (h*CPM/g)
5 mg/kg 6.3 0.5 546,975.5 6,481,488.8
1 mg/kg 6.4 1.0 109,019.8 1,233,026.6
0.25 mg/kg 6.9 1.0 26,623.8 297,516.5

(Dominguez et al. 2011). These results are in agreement with
biodistribution profile described in this work.

On the other hand, maximum concentration of CIGB-814
in blood from rats was at 0.5 to 1 h; and the t%2 was calculated
to be 6.3, 6.4, and 6.9 h for the three different doses. The
amount of peptide inoculated was correlated with the amount
detected in the blood.

These results agreed with PK profile described in the phase
I clinical trial. This PK study showed that CIGB-814 inocu-
lated by SC route was cleared from plasma in 4 h for patients
inoculated with 1 mg and 2.5 mg; and approximately in 6 h for
patients treated with 5 mg. Cmax was reached at 0.5 h for the
three doses, showing a wide dispersion, probably associated
with the biological variability among patients and the non-
normalized doses respect to the body weight used in this clin-
ical trial (Cabrales-Rico et al. 2017).

CIGB-814

Subcutaneous
administration

j

o)

Fig. 3 Processing and presentation of CIGB-814 by dendritic cells to T-
lymphocytes in the gut or LNs could induce the expansion of Treg. These
activated cells migrate to inflammation site (joints) and could cross-
recognize wild-type epitope from HSP60, where it is highly expressed
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swollen joint (pannus)

Probably, therapeutic effect of CIGB-814 in animal models
and patients is due to the processing and presentation of this
altered peptide ligand by dendritic cells to T-lymphocytes in the
intestine or LNs could induce the expansion of Treg. These
activated cells migrate to inflammation site and they could
cross-recognize wild-type epitope from HSP60, where it is
highly expressed due to the inflammation process. This new
contact with HSP60 autoantigen may induce potent immune-
regulatory effect, attenuating autoreactive T cells responsible of
RA pathogenesis and inhibiting inflammatory process (Fig. 3).

CIGB-814 is being studied for other autoimmune diseases
in which HSP60 is considered an autoantigen. This therapeu-
tic intervention with low doses of an immunomodulatory pep-
tide should not cause immunosuppression and should restore
the tolerance that is lost in the course of an autoimmune
disease.

¢ M wild-type peptide

Supression

—

proinflammatory
cytokines

due to the inflammation process. This new contact with this autoantigen
may induce potent immuno-regulatory effect, attenuating autoreactive T
cells responsible of RA pathogenesis and inhibiting inflammatory
cytokines
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