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Simple Summary: The human papillomavirus (HPV), a major carcinogenic pathogen, can cause
cervical cancer through persistent infection. The immune system typically fights off the virus, albeit
long-term activation may promote carcinogenesis. The micro-immunotherapy medicine 2LPAPI®
holds promise for aiding viral clearance and mitigating cervical cancer risk, and our research aimed
to examine the effects of this medicine in vitro. We focused our investigations on the two most prev-
alent genotypes of HPV causing persistent infection, HPV-16 and HPV-18. We found that 2LPAPI®
boosted the secretion of IL-6, IFN-vy, and IP-10 in human immune cells when exposed to HPV-16
proteins, suggesting enhanced defensive responses to HPV-16. Some of the active substances cur-
tailed T-cell proliferation and activity and displayed antiproliferative properties on HPV-18 positive
cervical cancer-derived HeLa cells in nutrient-restricted conditions. These results unveil 2LPAPI®s
potential dual role: immunomodulation for HPV-16-affected immune cells and antiproliferative ac-
tivity against a model of HPV-18-positive-cervical cancer cells.

Abstract: Human papillomavirus (HPV) is the second most common infectious agent causing cancer.
Persistent infection with high-risk (HR)-HPV can lead to cervical intra-epithelial neoplasia and cervical
carcinomas (CC). While host immune response is necessary for viral clearance, chronic immune acti-
vation contributes to a low-grade inflammation that can ultimately lead to carcinogenesis. The micro-
immunotherapy medicine (MIM) 2LPAPI® could be a valuable tool to manage the clearance of the
virus and reduce the risk of developing CC. In this in vitro study, we aimed to investigate its mode of
action. We showed that actives from the MIM increased the IL-6, IFN-vy, and IP-10 secretion in human
peripheral blood mononuclear cells (PBMCs) exposed to peptides derived from the HPV-16 capsid
(HPV16wy). This could reflect an increase in the immune activity toward HPV-16. At the same time,
some active substances reduced the lympho-proliferation and the expression of T-cell activation mark-
ers. Finally, some of the MIM actives displayed antiproliferative effects in CC-derived HeLa cells un-
der serum-starvation conditions. Altogether, this body of data highlighted for the first time the dual
effect of MIM in the framework of HR-HPV infections as a potential (i) immune modulator of
HPV16w-treated PBMCs and (ii) antiproliferative agent of HPV-positive CC cells.
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1. Introduction

Human papillomavirus (HPV) is a small, non-enveloped, cyclic double-stranded de-
oxyribonucleic acid (DNA), a sexually transmissible virus characterized by its specific tro-
pism for epithelial cells. In 2018, in the United States, it was estimated that the number of
persons infected was 42.5 million among 15- to 59-year-olds, and about 6.1 million women
acquired a new disease-associated HPV-type infection within the same age group that
year [1]. Recognized as the second most common infectious agent causing cancer [2], per-
sistent infection with HPV is associated with cervical intra-epithelial neoplasia (CIN) and
cervical carcinomas (CC). Moreover, HPV is also attributable to non-malignant anogenital
warts as well as other less prevalent anogenital cancers and oropharyngeal cancers. Of
note, and while the causative role of HPV has to be confirmed, HPV infection was even
found to be associated with the occurrence of adenocarcinoma of the lung as well [3].

Amongst the 200 existing HPV genotypes, and according to the International Agency
for Research on Cancer (IARC), fourteen of them, including the HPV-16 and HPV-18, are
considered high-risk (HR) genotypes due to their carcinogenic properties [4-6]. Even if
the complete mechanisms participating in viral persistence are not yet fully elucidated, it
is established that HPV type, women'’s age, sexual behavior, and parity influence the time-
to-viral-clearance [7]. A worldwide meta-analysis of persistence patterns estimated that
HPV-infected women tend to resolve the infection within 6 to 12 months [8]. Another re-
cent meta-analysis revealed that the overall persistent HPV infection prevalence in the
world is 29.37%, and by genotype, HPV-16 displayed the highest global and European
prevalence (35% and 40%, respectively) [9]. The host cell-mediated immune response is
crucial in clearing and resolving HPV infections. This theory is sustained by histopatho-
logical analysis that revealed the presence of macrophages and T-cell infiltrates in regress-
ing genital warts [10]. The carcinoma stage is preceded by three premalignant phases, also
named CIN1, CIN2, and CIN3. In early CIN1 and CIN2 lesions, the viral genome is pre-
sent in the form of episome, while in pre-cancer CIN3 and cancer tissues, the viral genome
was found integrated into the host genome [11]. This suggests that the major event causing
cervical carcinogenesis is the HR-HPV genome integration. Following the integration, the
infected cells increase the expression of the two key viral oncogenes, E6 and E7, both in-
volved in the neoplastic initiation and the progression of CC. Indeed, E6 and E7 mediate
malignant transformation through the degradation of p53 and the inactivation of the reti-
noblastoma (pRb) tumor suppressor protein, respectively [12]. In addition, as the expres-
sion of the oncogenes E6 and E7 from high-risk HPV is the primary cause of CC, it has
also been demonstrated that their continuous expression kept cancer cells alive and re-
sistant to apoptosis and senescence [13,14]. Therefore, these two proteins are considered
crucial therapeutic targets to fight against papillomavirus-caused cancers [15].

Chronic inflammation has been established as a cofactor implicated in the develop-
ment of HR-HPV-associated cancers. In particular, the excessive reactive oxygen species
(ROS) and reactive nitrogen species (RNS) produced under chronic inflammatory status
can induce DNA damage and genomic instability, favoring the viral genome integration
and the initiation of the malignant phase [16].

Several vaccines have been developed and exist today on the market (bivalent, quad-
rivalent, or nonavalent) based on the HPV genotypes targeted and all have a similar mode
of action: they all induce a specific humoral response, which impedes the uptake of HPV
by the basal epithelial cells of the cervix [17]. Apart from vaccines as a prophylactic
method, there is currently no available specific treatment to cure patients already infected
by HR-HPV. Anti-inflammatory drugs, by targeting cyclooxygenase-2 (COX-2)/prosta-
glandin E2 (PGE2) signaling, can reduce HPV-related chronic inflammation, thus
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preventing HPV integration and reducing the risk of CC development [18,19]. Other strat-
egies aimed at stimulating immune responses have been developed and are still under
investigation, such as the topical agent imiquimod, which acts as a toll-like receptor 7/8
(TLR7/8) agonist [20]. Indeed, in addition to being a less invasive and cheaper option than
many other treatment modalities, imiquimod has been shown to act as an immune re-
sponse modifier agent through its capability to directly activate innate immune cells and
induce the production of cytokines, such as interferon (IFN)-a, tumor necrosis factor
(TNF)-a, interleukin (IL) -1, IL-1p3, IL-6 or IL-8, in peripheral blood mononuclear cells
(PBMCs) [21,22]. Cytokines are immune mediators playing important roles in host de-
fense against HPV infection by promoting clearance and preventing viral persistence but
altered pro-inflammatory cytokine levels can predispose to a chronic inflammatory status
that is prone to CC initiation and progression. Contradictory data exist about the cytokine
profile of the genital tract microenvironment in HPV-positive patients, and the relation-
ship between their concentrations and their roles in HPV clearance or persistence remains
to be clarified [23].

There is ultimately a need to develop more suitable preclinical models to understand
the complex mechanisms between host immunity and HPV clearance/persistence to iden-
tify the best therapeutic targets for each stage. In parallel, an accurate diagnostic, based
on the evaluation of the clinical aspects of the lesion(s), biopsy results, and other biological
analyses, is crucial to determine the stage and the extent of the disease and help in the
choice of the appropriate therapeutic strategy. Currently, HPV-associated genital warts
can either be managed by the intervention of a medical doctor, usually through cryother-
apy, trichloracetic acid, or surgical removal, or by self-applied patients therapies, through
topical-acting agents such as podophyllotoxin, imiquimod, or sinecatechin (polyphenon
E) if the wart clusters are small [24]. Unfortunately, virus recurrence after these treatments
is still 30-40% [25]. As it is now strongly supported that altered cell-mediated immunity is
associated with increased HPV infection and disease [26], there is still a need for therapies
that can: (i) support HPV clearance and (ii) minimize the risk of CC development. In this
regard, micro-immunotherapy (MI), as an immune-modulatory-based approach, is an in-
teresting option for the treatment of HPV-related infections.

The use of MI medicines (MIM) could be seen as an interesting treatment option in
order to reduce the principal mediators of chronic inflammation. In vivo studies have al-
ready shown interesting systemic and local anti-inflammatory effects in MIM-treated mice
without any signs of toxicity [27-29]. In addition, MIM display a sequential and multi-
target strategy that allows simultaneous interventions on several signaling molecules and
immune mechanisms involved in the etiopathogenesis of immune-mediated diseases.

Micro-immunotherapy medicines consist of sugar pillules, also called globules, im-
pregnated with ethanolic preparations consisting of low doses (LD) and ultra-low doses
(ULD) of cytokines, immune mediators, and specific nucleic acids (SNA®—hereafter re-
ferred to as SNA). For patients’ convenience, the globules are packaged into capsules, in-
tended to be opened and administered through oromucosal delivery in a fasted state. An-
other specificity of MIM relies on the sequential capsules’ administration; indeed, each
MIM encompasses different globule-containing capsules, each one having to be taken
every day, in a successive order (capsule-1 on day 1, capsule-2 on day 2, etc.).

In the specific context of HPV infection, the MIM 2LPAPI® (hereafter referred to as
2LPAPI) is prescribed in some countries as an adjuvant of immune regulation in cases of
anogenital infections caused by HPV, diagnosed by a doctor, and confirmed by biology.
The complete formulation of this medicine encompasses five capsules (hereafter named
MIM-1, MIM-2, MIM-3, MIM-4, and MIM-5), all of them being made of the same starting
material but at different Centesimal Hahnemannian dilutions (CH). The complete se-
quence of 2LPAPI is as follows (also see Table 1): human recombinant (hr)-IL-1{3 either
employed at 10 or at 17 CH (10-17 CH); hr-IL-2 (10-17 CH), hr-IFN-a (10-17 CH), cyclo-
sporin A (CsA) either at 7 CH, 10 CH, or 17 CH (7-10-17 CH), RNA extracted from plants
(10-18 CH), SNA-HLA-II ([10-18 CH], an SN A intended to target human leukocyte antigen
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[HLA] II), and SNA-PAPI ([10-18 CH], an SNA intended to target several genotypes of
HPV, including HPV 6, 11, 16 and 18). From a clinical standpoint, the efficacy of 2LPAPI
has previously been evaluated in an observational study performed in a small group of
HR-HPV-positive women aged from 20 to 45 years old. This follow-up showed that the
treatment (one capsule per day for 6 months) was safe, improved the clearance, and al-
lowed the regression of cervical lesions compared to the control group [30]. An ongoing
double-blind clinical study was further set up to evaluate the efficacy of the medicine in
the clearance of genital HR-HPV infections compared to placebo (NCT04232917). In par-
allel to the aforementioned studies, the current preclinical research study aimed to inves-
tigate the mode of action of this medicine, assessing its effects in two HR-HPV preclinical
models.

Table 1. Composition of the capsules from the 2LPAPI sequence.

Starting Material

(CH) MIM-1 MIM-2 MIM-3 MIM-4 MIM-5
hr-IL-1p 10 10 17 10 10
hr-IL-2 10 10 10 17 10
hr-IFN-«a 10 10 10 10 17
RNA 10 18 10 10 10
CsA 10 10 7 17 10
SNA-PAPI 18 10 10 10 10
SNA-HLA-II 10 10 10 10 18

CH: centesimal Hahnemannian dilution; CsA: cyclosporin A; HLA: human leukocytes antigen; hr:
human recombinant; IFN: interferon; IL: interleukin; MIM: micro-immunotherapy medicine; RNA:
ribonucleic acid; SNA: specific nucleic acid.

The present in vitro study is thus divided into three parts: (i) the first one is intended
to develop an in vitro immunological model of HPV-16 to better understand the responses
of the immune cells to viral proteins derived from the HPV 16-L1 capsid-protein
(HPV16wy). Thus, human PBMCs were challenged with HPV16w1), and the lympho-pro-
liferation, the cytokine secretion, and the expression of activation markers were assessed.
(ii) The second part aimed to evaluate the immune-modulatory effects of the five capsules
composing the sequential 2LPAPI MIM in our HPV16 Li-model. In the last part (iii), the
effects of this medicine were finally assessed in HeLa cells, a CC-derived cell line. Multiple
studies reported the HeLa cells as a valid research model for the study of HPV carcino-
genesis, as well as for evaluating the potential benefits of therapies aiming at preventing
CC development and progression [31-33]. Indeed, this cell line has multiple copies of viral
HPV type 18 DNA integrated into the genome and can be referred to as HPV-18-positive
cells [34].

2. Materials and Methods
2.1. Tested Items

The tested micro-immunotherapy medicine (MIM) 2LPAPI is a homeopathic medic-
inal product consisting of sucrose-lactose globules impregnated with ethanolic prepara-
tions of cytokines, cyclosporin A (CsA), plant-extracted RNA, and specific nucleic acids
(SNAs). The complete formulation of this medicine encompasses 5 different capsules (here
referred to as MIM-1, MIM-2, MIM-3, MIM-4 and MIM-5, respectively), intended to be
taken in a sequential manner (MIM-1 on Day 1, MIM-2 on Day 2, etc.). All of the capsules
are composed of the same starting material, but prepared at different LD and ULD; thus,
each capsule has its own composition (described in Table 1). The 2LPAPI and the vehicle
(Veh.) capsules were manufactured by Labo’Life Espafa, Consell-Mallorca, Spain, as pre-
viously described [29,35], and have been provided for investigational purposes. The over-
all composition of 2LPAPI is as follows: human recombinant (hr)-interleukin (IL)-1p at 10
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or 17 CH (10-17 CH), hr-IL-2 (10-17 CH), hr-interferon (IFN)-« (10-17 CH), CsA either at
7 CH, 10 CH, or 17 CH (7-10-17 CH), RNA extracted from plants (10-18 CH), SNA-HLA-
II (10-18 CH), and SNA-PAPI (10-18 CH). Regarding the Veh. capsules used as controls,
previous publications described how those are produced in order to provide a suitable
control for preclinical research [27,29,35-37]. In the current study, MIM- or Veh.-capsules
were freshly diluted in 100 mL of culture medium to reach the final sucrose-lactose con-
centration of 11 mM.

2.2. Assessment of the Immune-Modulatory Effects in Peripheral Blood Mononuclear Cells

Healthy volunteers were enrolled by the French Blood Bank Center (Etablissement
Francais du Sang, [EFS], Pays de Loire, Nantes, France, www.efs.sante.fr, accessed on 2
February 2024), a public institution under the responsibility of the French Ministry of
Health, and informed consent was obtained from all individuals. According to French eth-
ics laws, blood donation is based on voluntary participation, non-remuneration, anonym-
ity and non-profitability. A declaration regarding the use of blood samples from blood
volunteer donors for non-therapeutic research purposes was submitted to the French Min-
istry of Research, and the agreement number CPDL-PLER-2023 009 was assigned. Thus,
all blood samples were approved by the EFS Blood Bank Center, with written informed
consent obtained from all the donors, in accordance with the Declaration of Helsinki.

2.2.1. Treatment with HPV16.w1

On day 0 (DO0), peripheral blood mononuclear cells (PBMCs) from 3 healthy women
donors (20, 21 and 24 years old, referred to as #1, #2, and #3, respectively) were incubated
at the density of 200,000 cells/well in 96-well plates, in complete RPMI medium (Panbi-
otech, Aidenbach, Germany, P04-17500) supplemented with HEPES buffer (10 mM,
Lonza, Basel, Switzerland, 17-737E), non-essential amino acids (1X, Lonza, 13-114E), so-
dium pyruvate (1 mM, Lonza, 13-115E), L-glutamine (2 mM, Biowest, Nuaillé, France
X0550-100), human decomplemented serum AB (2% v/v, SIGMA, H3667-100) in the pres-
ence of HPV16wy (PepMix™ HPV16 (L1), JPT Peptide Technologies GmbH, Berlin, Ger-
many) at the final dilution of 1/400 v/v. On D5, the cells were harvested, saturated with
FcBlock solution (BD, 564220), immune-stained with fluorescent anti-CD3 (BioLegend,
San Diego, CA, USA, 300325), anti-CD4 (BioLegend, 300519), and anti-CD8 antibodies (Bi-
oLegend, 344722), fixed, and analyzed by flow cytometry on a BD FACS Canto II (BD Bi-
osciences, Franklin Lakes, NJ, USA), configuration 4/2/2.

2.2.2. Cell Treatment in the Presence of HPV16w1)

On DO, PBMCs from 6 healthy women donors (from 25 to 35 years old) were incu-
bated at the density of 200,000 cells/well in 96-well plates in Roswell Park Memorial Insti-
tute (RPMI) 1640 medium (Panbiotech, P04-17500), added with 2% human decomple-
mented serum, 1 mM non-essential amino acids, 1 mM pyruvate, 2 mM L-glutamine, 10
mM 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) buffer, in the presence
of HPV16w1 peptide mix at the final dilution of 1/450 v/v. On D2, either the Veh., MIM-1;
-2; -3; -4 or -5 were added to the medium and incubated for the next 72 h at the final su-
crose-lactose concentration of 11 mM. Controls with either HPV16y or IL-2 (20 ng/mL)
were also run in parallel. On D5, the cells were harvested, saturated with FcBlock solution
(BD, 564220), immune-stained with fluorescent anti-CD3, anti-CD4, anti-CD8, anti-CD71,
anti-CD95, anti-CD28 and anti-HLA-DR antibodies (all purchased from BioLegend),
fixed, and analyzed by flow cytometry. The discrimination of the cell sub-populations is
as follows: CD4+: CD3high; CD4high; CD8low; SSClew, CD8*: CD3high, CD4low, CD8high, SSClow,
CD4-/CD8: CD3high; CD4low; CD8lew; SSClow, The supernatants (SNs) were retrieved and
the cytokine levels of IFN-v, IL-6, and interferon- y inducible protein (IP-10) were assessed
by enzyme-linked immunosorbent assay (ELISA).
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2.3. Assessment of the Cellular Viability and the Cell Confluence in a Model of HeLa Cancer
Cells

HelLa cells (human cervix epithelioid carcinoma) were supplied by the European Col-
lection of Authenticated Cell Cultures (ECACC) (ref: #93021013, ECACC, Salisbury, UK)
and cultured according to the supplier’'s recommendations. Briefly, HeLa cells were cul-
tured in minimum essential medium (MEM) (Gibco, ref: #11095-080, batch 2276790) sup-
plemented with 10% fetal bovine serum (FBS) (Gibco, ref: #16000-044, batch 2208592RP)
and maintained at 37 °C and 5% COz. On DO, HeLa cells were seeded in a 96-well plate at
a density of 2 x 103 cells per well under normal conditions (10% FBS), which represents
approximately 10% of cell confluency. This was a blind experiment. On D1, cells were pre-
treated with diluted capsules of either the Veh., MIM-1; -2; -3; -4 or -5 under normal con-
ditions (10% FBS) for 24h. On D2, cells were deprived in serum for 1 h (0% FBS). After 1h,
the cells were treated with diluted capsules of either the Veh., MIM-1; -2; -3; -4 or -5, under
starvation conditions (0% FBS). Treatments lasted four days and the medium was renewed
every 24 h with fresh items. On D6, the cell viability was assessed with AlamarBlue cell
viability reagent according to the supplier’'s recommendations. Briefly, AlamarBlue rea-
gent (Invitrogen, Waltham, MA, USA, ref: #DAL1025, batch 2284621) was directly added
to the culture medium and incubated for 3 h at 37 °C in a cell culture incubator, protected
from direct light. Results were recorded on a Synergy H2 plate reader (Agilent, Santa
Clara, CA, USA), using the fluorescence excitation wavelength of 560 nm and an emission
of 590 nm. The cell confluence was visually estimated by microscopy on a Nikon Eclipse
TS100 (Nikon Corporation, Tokyo, Japan). Representative pictures of the wells were taken
each day before treatment renewal for each condition using a 20x magnification. The com-
plete protocol is illustrated in Figure 1.

MEM MEN
<& A0% £BS : <&
I | I |
DO D1 D2-1h D2 D3 D4 D5 D6
Hela cells Pre-Treatment Starvation Treatment Treatment Treatment Treatment Analysis:
2x10° cells/well renewal  renewal renewal - Viability
96-well plates 24 hours 1 hour 4days (AlamarBlue)

- Confluence
(visually estimated)

Figure 1. Representative scheme of the experimental protocol. Briefly, 2 x 10° cells/well were seeded
in a 96-well plate in minimum essential medium (MEM) containing 10% fetal bovine serum (FBS)
on Day 0 (D0). The cells were then pre-treated for 24 h with either the vehicle (Veh.), micro-immu-
notherapy medicine (MIM)-1, -2, -3, -4 or -5- in 10% FBS, and starved for one hour in serum-free
MEM on D2. After this step, the treatments were re-added to the medium and renewed every 24 h
over the next 4 days. The cells were kept in a serum-free medium during the entire treatment dura-
tion. On D6, the cell viability was assessed by AlamarBlue reagent, and the confluence was visually
estimated by microscopy. FBS: fetal bovine serum; MEM: minimum essential medium.

2.4. Statistical Analysis

The graphs in the figures were performed with GraphPad Prism, Version 10.1.1.323
for Windows (GraphPad Software Inc., San Diego, CA, USA, updated on 29 November
2023). Authors have followed the recent recommendations of D.L. Vaux that encourage
performing descriptive statistics instead of making statistical inferences when the number
of independent values is small [38]. If the results of the in vitro studies are derived from
only one, two, or three (1 =1, or n =2, or n = 3) experiment(s), it is always better to include
a full dataset, plotting data points and letting the readers interpret the data for themselves,
rather than drawing statistical inferences, showing p values, standard error of the mean
(S.E.M.), or results that are not representative. Thus, not all the data of this study were
subjected to statistical analysis, and two-way ANOVA has solely been performed on
PBMC analysis, as n = 6 donors were included in this part (see from Sections 3.2. to 3.6).
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3. Results

3.1. HPV16wy Stimulates the Lympho-Proliferation of Human Peripheral Blood Mononuclear
Cells

In line with the ongoing clinical trial of 2LPAPI (NCT04232917), which enrolls
women with high-risk (HR)-HPV infections, we wanted to assess the in vitro immune-
related effects of this medicine on a suitable HPV infection model. Therefore, we collected
blood samples of healthy donors to develop an immune-cell model of primary cells and
set up a preliminary experiment, attempting to investigate the immunogenicity of a pool
of 124 peptides derived from the L1-protein capsid of HPV 16 (HPV16wy). Thus, as a pre-
liminary readout for our experiment, we assessed the proliferation of human peripheral
blood mononuclear cells (PBMCs) exposed to HPV16wy. Briefly, PBMCs were retrieved
from three women (#1, #2, and #3) and were either stimulated with 20 ng/mL IL-2, as a
positive control for lympho-proliferation [39] or treated with HPV16w1. The cells were
incubated for 5 days in those conditions before being harvested, fixed, immune-stained,
and analyzed by flow cytometry. The proliferation of the total T-cells in the presence of
IL-2is illustrated in Figure 2A. As expected, such treatment induced a strong proliferation
of the lymphocytes after 5 days of incubation in the three tested donors, with increments
ranging from at least 60% and up to 114% depending on the donors (the untreated control
condition being set at 100%). Figure 2B illustrates the lympho-proliferation in each of the
donors for the total T-cells, as well as the ones of the CD4* and CD8* sub-populations, in
HPV16wy treatment-condition vs. control. With increases ranging from 17% to 34%, com-
pared with the untreated baseline, HPV16..1) induced an overall milder lympho-prolifer-
ation than the one induced by IL-2 (Figure 2B, black dots). While this increase in lympho-
proliferation was also observed in the two CD4* and CD8* sub-populations (Figure 2B,
orange dots), it could be noticed, however, that the CD8" cells displayed a weaker response
than the CD4+* cells in the PBMCs retrieved from #3 and #1. Of note, the same treatments
have been performed on PBMCs retrieved from n = 3 men donors, and the overall data
collected from both sexes are illustrated in Supplementary Figure S1A,B. Interleukin-2
and HPV16q) also increased the T-cell proliferation in the cells retrieved from men.

Altogether, these preliminary results allowed us to validate that the experimental
protocol followed here with HPV16w1) was a good immune-stimulatory model for T-cell
proliferation, thus allowing us to further assess the immune-modulatory effects of the
capsules from 2LPAPI to investigate its possible mode of action.
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Lympho-proliferation in the untreated control condition (Ct.) and in the 20 ng/mL IL-2-treated con-
dition for each of the assessed donors. Data are illustrated as the mean percentages + standard de-
viation (S.D.) of the lympho-proliferation for n = 4 replicates for the Ct., and n = 3 replicates for the
IL-2 conditions, obtained for each donor, the untreated Ct. condition being set as 100%. (B) Lympho-
proliferation in the untreated control condition (Ct.) and in the HPV16w1) (1/400 v/v)-treated condi-
tion for each of the assessed donors. The proliferation of the total T-cells (black dots), CD4* T-cells
(light orange dots), and CD8* T-cells (dark orange dots) was appraised. The data are presented as
the mean percentage + S.D. of the total cells counted after an incubation of 5 days; the Ct. condition
being set at 100%. Each dot represents a technical replicate, and the dotted lines in (B) are drawn to
highlight the effect of HPV161)in comparison with the untreated Ct.

3.2. HPV16wy Stimulates the TNF-a Secretion in Human Peripheral Blood Mononuclear Cells

Cytokines are crucial immune mediators involved in inflammation. From one side,
pro-inflammatory cytokines are necessary for viral clearance; however, in the context of
HPYV infection, these molecules are also the ones mainly responsible for a pernicious status
of chronic inflammation, encouraging carcinogenesis and cervical carcinoma (CC) pro-
gression. Knowing this cytokine paradox, we wanted to investigate the effects of HPV16.1
on the cytokine profile of human PBMCs. Thus, the secretion levels of a panel of cytokines
involved in inflammation and anti-viral immune responses (tumor necrosis factor (TNF)-
a, interleukin (IL)-1§3, IL-6, interferon-y inducible protein (IP-10), interferon (IFN)-y, IFN-
a2, IL-12p70, and granulocyte macrophage colony-stimulating factor (GM-CSF)) were as-
sessed. Thus, in this experimental setting, PBMCs from 6 women were retrieved and either
left untreated, subjected to HPV161) peptide pool, or treated with 20 ng/mL of IL-2 for
five days. At the end of the incubation period, supernatants (SNs) were recovered, and the
secretion levels of the aforementioned cytokines were analyzed using an enzyme-linked
immunosorbent assay (ELISA). The results are presented in Figure 3 and Supplementary
Figure S2. Our results showed that, in PBMCs exposed to HPV16w1, there was an increase
in the levels of TNF-a and IL-1f3, two well-known primary pro-inflammatory cytokines,
compared to the control (Figure 3A,B). In particular, TNF-a secretion increased in a sta-
tistically significant manner (Figure 3A).

These results suggest that our in vitro model of HPV-16-treated PBMCs mimics, at
least partially, the pro-inflammatory conditions driving the low-grade inflammation re-
lated to persistent HR-HPV infections.
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Figure 3. Effect of HPV16w1 and IL-2 treatments on the secretion of cytokines involved in the anti-
viral response in human peripheral blood mononuclear cells (PBMCs). The secretion of (A) TNF-a
and (B) IL-1$3 has been assessed by enzyme-linked immunosorbent assay (ELISA). The secretion
levels of these cytokines have been assessed in the control condition (Ct.; white histograms) or after
treatment with either HPV16w1) peptide pool (1/450 v/v; red histograms), or 20 ng/mL of IL-2 (orange
histograms), within the supernatants (SNs) recovered from PBMCs isolated from women donors.
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Data are illustrated as the mean concentrations (in pg/mL) + S.E.M. obtained for 1 = 6 donors in each
treatment condition. Two-way ANOVA: **** p <0.0001, ns: non-significant.

3.3. Actives from 2LPAPI Slightly Increased the Secretion of IL-6, IP-10 and IFN-y in Human
Peripheral Blood Mononuclear Cells Exposed to HPV16(1)

To evaluate the effects of the five capsules of 2LPAPI on the cytokine secretion in our
in vitro model of HPV16w1-treated PBMCs, we wanted to focus on cytokines involved in
anti-viral immune responses; thus, the same panel as in Section 3.2. was assessed (IL-6,
IP-10, IFN-y, IL-13, TNF-a, IFN-a2, IFN-y1, IL-12p70, and GM-CSF). The effects of
2LPAPI on those cytokines are depicted in Figure 4 and Supplementary Figure S3, as the
mean pg/mL + standard error of the mean (5.E.M.) of the secretion obtained in each con-
dition, for n = 6 donors. Interestingly, it can be observed that 4 out of the 5 tested capsules
of 2LPAPI significantly increased the secretion of IL-6 (Figure 4A). The effects on IP-10
secretion have a different pattern: while MIM-1, MIM-2, and MIM-4 have barely affected
IP-10 secretion, MIM-3 and MIM-5 have induced an increased secretion of this factor, even
reaching statistical significance for MIM-5 (Figure 4B). All the capsules of 2LPAPI slightly
increased the secretion of IFN-y in a non-significant manner (Figure 4C). MIM-1 seemed
to have the most IFN-y-inducing effect, while the magnitude of the effects appeared quite
similar for the 5 capsules as the means ranged from about 20 to 30 pg/mL in MIM-treated
cells compared to the Veh.-treated (in which the mean is about 15 pg/mL). Of note, no
major change in the secretion levels of IL-13, TNF-a, IFN-a2, IFN-v1, IL-12p70, and GM-
CSF was noticed as a consequence of treatment with 2LPAPI capsules in the experimental
conditions tested here. Interestingly, positive correlations between the levels of IL-6 and
IFN-y (r = 0.55, p = 0.001, Figure 4D), and between IP-10 and IFN-y concentrations (r =
0.53, p = 0.0008, Figure 4E) were found amongst samples.

Overall, these results revealed that actives from the 2LPAPI can induce the stimula-
tion of secretion of IL-6 and influence the levels of IFN-y and IP-10 in the experimental
conditions tested, even if the changes induced by the 2LPAPI capsules on IFN-y did not
reach statistical significance.
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Figure 4. 2LPAPI slightly increased the secretion of cytokines involved in the anti-viral response in
a model of HPV16wy-treated peripheral blood mononuclear cells (PBMCs) from women. The
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secretion of: (A) IL-6, (B) IP-10, and (C) IFN-y has been assessed by enzyme-linked immunosorbent
assay (ELISA) after treatment with either the vehicle (Veh.), MIM-1; -2; -3; -4 or -5, in the presence
of HPV16w1) (1/450 v/v), within the supernatants (SNs) recovered from PBMCs isolated from women.
Data are illustrated as the mean concentrations (in pg/mL) + S.E.M. obtained for n =6 donors in each
treatment condition. Two-way ANOVA: ** p <0.001, ** p <0.01, * p <0.05. The dotted lines in (A-C)
are drawn to highlight the effect of each treatmentin comparison with the Veh. condition. (D,E)
Pearson correlations between the cytokine concentrations retrieved in the SNs after treatment with
the five 2LPAPI capsules. The correlation between IL-6 and IFN-y (D) and between IP-10 and IFN-
Y (E) are illustrated, and Pearson’s r scores and p-values are depicted in each graph.

3.4. Actives from 2LPAPI Moderately Reduced the Proliferation of HPV16w1-Treated Human
Peripheral Blood Mononuclear Cells

The previous experimental model was then used to directly appraise the effect of
2LPAPI on the proliferation of lymphocytes. Peripheral blood mononuclear cells from 6
women were thus left untreated (Ct.) or incubated for two days with (1/450 [v/v])
HPV161) alone, or HPV16w1) added with either the Veh., MIM-1, MIM-2, MIM-3, MIM-4,
or MIM-5 for the next 72 h. The T-cell proliferation was evaluated by flow cytometry in
the sub-populations of CD4*, CD8*, and CD4-/CD8- T-cells. As mentioned in the previous
section, a treatment with IL-2 alone was also employed as a positive control in this exper-
iment. As illustrated in Figure 5A-C and Supplementary Figure 54, IL-2 treatment led to
a statistically significant increase in the three analyzed T-cell subpopulations. Concerning
the HPV16wytreatment alone, it led to a similar statistically significant increase in the pro-
liferation of those sub-populations, except in the CD8* T-cells, in which the significance
was not reached (Figure 5B). In the presence of HPV16w1), and after treatment with the
2LPAPI capsules, a consistent pattern was obtained in the three sub-populations of CD4+,
CD8, and CD4-/CD8- T-cells, in which only MIM-5 seemed to decrease the proliferation
(by 13.9% in the CD4+, 10.7% in the CD8*, and 13.3% in the CD4-/CD8- T-cells; Figure 5D-
F). In this experimental setting, this decrease in proliferation was only significant in the
CD4-/CD8- T-cells (Figure 5F).

Overall, our first results seemed to show that in the context of HPV16wy) treatment,
MIM-5 slightly reduced the proliferation of the CD4+, CD8*, and CD4-/CD8- T-cells, thus
possibly raising the question if this capsule could also influence the activation levels of
these cells. To investigate this possible effect of 2LPAPI, we also assessed the expression
of several surface activation markers under the same experimental conditions (see Sec-
tions 3.5 and 3.6).
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Figure 5. Effect of 2LPAPI on the proliferation of HPV16wi-treated peripheral blood mononuclear
cells (PBMCs) from women. (A-C) Lympho-proliferation in the untreated control condition (Ct.;
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white histogram), in the HPV16wy (1/450 [v/v])-treated condition (red histogram), and in the 20
ng/mL IL-2-stimulated condition (orange histogram), within the sub-populations of CD4*, CD8?,
and CD4-/CD8- T-cells, respectively. Data are illustrated as the mean cell number + S.E.M. obtained
for n =6 donors in each treatment condition. (D-F) Lympho-proliferation after treatment with either
the vehicle (Veh.), MIM-1; -2; -3; -4 or -5, in the presence of HPV16w1 (1/450 [v/v]), within the same
sub-populations as in (A—C). Data are illustrated as the mean cell number + S.E.M. obtained for n =
6 donors in each treatment condition. Each dot represents the mean value of the data collected from
n = 2 replicate per donor. Two-way ANOVA: **** p < 0.0001, *** p <0.001, ** p < 0.01, * p <0.05, ns:
non-significant. The dotted lines in (D-F) are drawn to highlight the effect of each treatmentin com-
parison with the Veh. condition.

3.5. Actives from 2LPAPI Slightly Reduced the Expression of HLA-DR in HPV16wy-Treated
Human Peripheral Blood Mononuclear Cells

To investigate the possible effects of 2LPAPI on the activation status of HPV16wy-
treated PBMCs, we assessed the expression of HLA-DR. It is worth noting that the 2LPAPI
contains the specific nucleic acid (SNA)-HLA-II component at ultra-low dose (ULD),
which has already been demonstrated to reduce the expression of HLA-DR in IFN-vy-stim-
ulated HUVEC cells [40,41]. Therefore, evaluating the impact of 2LPAPI on HLA-DR ex-
pression in PBMCs treated with HPV16w1 peptide can provide valuable insights into its
potential effectiveness in managing inflammation induced by HPV, as well as further val-
idate its inhibitory effect on HLA-DR. Thus, in the same experimental setting as presented
in Sections 3.2-3.4, the expression of HLA-DR was assessed by flow cytometry in the sub-
populations of CD4+, CD8*, and CD4-/CD8- T-cells. The results are presented in Figure 6, as
the mean percentage + S.E.M of positive cells for HLA-DR in each Ct., HPV161, IL-2-treat-
ment condition and in the Veh.-/MIM-treatment condition. As illustrated in Figure 6A-C,
while IL-2 induced a significant increase in the HLA-DR expression of the three T-cell sub-
populations, HPV16w1) did not impact the expression of this marker. However, it appeared
that in the three analyzed subsets of T-cells, capsules MIM-2 to MIM-5 significantly reduced
the expression of this marker when compared with the Veh. (Figure 6D-F). Of note, MIM-5
seemed to be the capsule that induced the most powerful effect.

These data reinforce previous findings and confirm the hypothesis that MIM employ-
ing ULD of SNA-HLA-II in their compositions can reduce the levels of HLA-DR under
different in vitro conditions.
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Figure 6. 2LPAPI slightly reduced the expression level of HLA-DR in a model of HPV16(wi)-treated
peripheral blood mononuclear cells (PBMCs) isolated from women. The expression of HLA-DR has
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been assessed in the untreated control condition (Ct.; white histogram), in HPV16wy) (1/450 [v/v])-
treated condition (red histogram), and in 20 ng/mL IL-2-stimulated conditions (orange histogram),
within the sub-populations of (A) CD4*, (B) CD8*, and (C) CD47/CD8- T-cells, respectively. The ex-
pression of HLA-DR has been assessed after treatment with either the vehicle (Veh.), MIM-1; -2; -3;
-4 or -5, in the presence of HPV16w) (1/450 [v/v]), within (D), the CD4, (E), the CD8*, and (F), the
CD4/CD8" T-cells sub-populations of PBMCs isolated from women. Data are illustrated as the mean
percentage of positive cells + S.E.M. obtained for 7 = 6 donors in each treatment condition. Two-way
ANOVA: *** p <0.0001, ** p <0.001, ** p <0.01, * p < 0.05, ns: non-significant. The dotted lines are
drawn to highlight the effect of each treatment in comparison with the Veh. condition.

3.6. 2-LPAPI Could Reduce the Expression of Activation Markers of HPV16(.1-Treated Human
Peripheral Blood Mononuclear Cells

In order to further investigate the effects of 2LPAPI in modulating the T-cell activa-
tion status, we complement the HLA-DR expression analysis by also assessing the expres-
sion of three other markers of T-cell activation. Thus, the levels of CD71, CD95 and CD28
were evaluated by flow cytometry in the same model of HPV16wy-treated sub-popula-
tions of CD4*, CD8*, and CD4-/CD8- T-cells, as previously employed. The results are pre-
sented in Supplementary Figure S5 for the Ct., HPV16@1)-, and IL-2-treatment conditions,
and in Figure 7 for the Veh.-/MIM-treatment ones.
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Figure 7. 2LPAPI reduces the expression levels of membrane markers involved in T-cell activation
in a model of HPV16wy-treated peripheral blood mononuclear cells (PBMCs) from women. The ex-
pression of CD71 (A-C), CD95 (D-F), and CD28 (G-I) has been assessed after treatment with either
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the vehicle (Veh.), MIM-1; -2; -3; -4 or -5, in the presence of HPV16wy) (1/450 [v/v]), within the CD4*
(A,D,G), CD8* (B,E,H), and CD4/CD8" (C,EI) T-cell sub-populations from PBMCs isolated from
women. In (A-F), data related to the expression of CD71 and CD95 are illustrated as the mean per-
centage of positive cells + S.E.M. obtained for n = 6 donors in each treatment condition. In (G-I), the
results of the CD28 expression are expressed as the mean + S.E.M. of the median fluorescence inten-
sity (MFI) of the data collected from n = 6 donors in each treatment condition. Two-way ANOVA:
*% p < 0.0001, *** p <0.001, ** p <0.01, * p <0.05. The dotted lines are drawn to highlight the effect
of each treatment in comparison with the Veh. condition.

Overall, regarding the expression of CD71, it appeared that in the three analyzed
subsets of T-cells, the tested capsules reduced the expression of this marker, except MIM-
2, in the CD4-/CD8- cells, when compared with the Veh. (Figure 7A-C). Of note, MIM-4
and MIM-5 seemed to be the capsules that induced the most powerful effect in reducing
the percentage of CD4+/CD71* cells, reaching statistical significance in this population.

Concerning the CD95, none of the tested capsules seemed to impact its expression
within the CD4~ cells in comparison to the Veh. (Figure 7D), while MIM-2 to MIM-5 re-
duced its expression by about 15% within the CD8* cells in comparison with the Veh. (Fig-
ure 7E). In addition, in the CD4-/CD8- cells, MIM-3, MIM-4 and MIM-5 also showed a
slight inhibitory effect on the expression of CD95 (Figure 7F).

Finally, the expression of CD28 has also been assessed in the same sub-populations,
in which all the tested capsules reduced its expression in comparison with the Veh., with
the exception of MIM-1 within the CD4-/CD8- T-cells (Figure 7G-I). Altogether, these re-
sults seemed to show that, in an HPV16wy treatment context, 2LPAPI, and particularly
through MIM-5, could reduce the levels of CD71, CD95, and CD28 in several T-cell subsets
(CD4+, CD8*, and CD4-/CD8"). These new data could possibly highlight an immune-mod-
ulatory effect of the medicine that downregulates the activation status of immune cells
exposed to the HPV16.w1) peptide pool.

3.7. Actives from 2LPAPI Could Lower the Proliferative Potential of HeLa Cells

The rationale behind the second part of this study relies on two main pieces of evi-
dence: (i) serum deprivation is known to preferentially sensitize cancer cells to chemo-
therapeutic agents compared to near normal cells [42], and (ii), the posology of 2LPAPI
requires a fasted state. Thus, we wanted to assess the effects of 2LPAPI on HeLa cell pro-
liferation under serum starvation conditions. In order to optimize the setting of the exper-
iments to further assess the effect of 2LPAPI on cancer cell viability, a pilot experiment
was performed to evaluate the kinetics of cellular proliferation under different fetal bovine
serum (FBS) concentrations. Briefly, HeLa (HPV 18-positive cells) were cultivated for 4
days, either in a serum-free medium or in the presence of 0.1%, 1%, or 5% (v/v) FBS. The
cell confluence was monitored every 6 h during the whole duration of the experiment,
thanks to the live content cell imaging technique, and the results are shown in Supple-
mentary Figure 56. As expected, the different FBS concentrations influenced the prolifer-
ation of HeLa in a dose-dependent manner. The highest capacity of proliferation over time
occurred when the cells were cultivated at 5% FBS (Supplementary Figure S6; dark green
curves and histograms), and the lowest capacity of proliferation was observed in starva-
tion conditions (without FBS) (Supplementary Figure S6; black curves and histograms).
Importantly, these data highlighted the fact that HeLa cells were resistant to a so-called 4
day “long term” serum starvation, as they were still able to double their number after 4
days in culture under serum-free conditions.

In light of these results, we concluded that, even in a 4 day, “long-duration” condi-
tion, the complete serum starvation was still an experimental environment allowing via-
bility studies, which represented a suitable model to test the effect of 2LPAPI in vitro.
Thus, the treatment with either the Veh., MIM-1, MIM-2, MIM-3, MIM-4, or MIM-5 was
then evaluated in serum-free media for 4 days. The details of the experimental conditions
and the experimental scheme are depicted in Section 2.3 (see Figure 1). It is important to
mention that this was a blind experiment. Briefly, HeLa cells were seeded at a density of
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2 x 108 cells/well on Day 0 (D0) and cultivated under normal culture conditions (10% FBS).
On D1, a 24 h pre-treatment with either the Veh. or the tested capsules of 2LPAPI was
performed in 10% FBS before the removal of both treatments and FBS for one hour as a
serum deprivation step. The treatments were then added to serum-free media and were
incubated with the cells for 4 days. The percentage of confluence was appraised every day
via microscopy to obtain information about the kinetic of proliferation, and HeLa’s viabil-
ity/proliferation was assessed with the well-known, non-toxic alternative to the com-
monly used MTT cell viability assay, AlamarBlue reagent, at the end of the incubation
time [43].

As shown in Figure 8, both MIM-1 and MIM-5 slightly decreased the cell viability
compared with the Veh. (with a magnitude of about 15% and 35% for MIM-1 and MIM-5,
respectively). Moreover, these results were confirmed by cell confluence observation. In-
deed, the visual estimation of the cell confluence appeared reduced, at each time point, from
D2 to D6 in the MIM-1-treated cells in comparison to the Veh. (Supplementary Figure S7A).
Concerning MIM-5, the same downward trend was observed, from D3 to D6 (Supplemen-
tary Figure S7B). Of note, such growth inhibitory effect was not found with MIM-2, MIM-
3, and MIM-4-treated cells, on D6 (Supplementary Figure S7D,E). In addition, the kinetics
of proliferation suggested that maybe MIM-4 could have an effect on lowering the prolif-
erative capacity from D2 to D5, while MIM-2 and MIM-3 showed no clear effect (Supple-
mentary Figure S7D,E).
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Figure 8. MIM-1 and MIM-5 lowered the cellular viability/proliferative potential in a model of
starved HPV-positive cervical cancer cells. Cell viability/proliferative potential of HeLa cells was
assessed via AlamarBlue reagent under the experimental conditions presented in Section 2.3 (see
Figure 1) when treated with the vehicle (Veh.), MIM-1 or MIM-5. The results are presented as the

mean percentages + standard deviation (S.D.) of n = 6 replicates per condition, with the Veh. being
set at 100%.

Altogether, these results finally suggest that, in the starvation condition tested here,
MIM-1 and MIM-5 both display an ability to reduce the viability/proliferative potential of
HPV-positive HeLa cells, as attested through a quantitative evaluation of the cell viability
and confirmed by a visual evaluation of the cell confluence, all throughout the experiment,
every single day.
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4. Discussion

The present study sought to investigate the possible mode of action and the biological
effects of the sequential micro-immunotherapy medicine (MIM) 2LPAPI, a therapeutic op-
tion that, according to a previous observational study, could be a valuable medicine for
treating high-risk (HR)-HPV cervical lesions in women aged 25 years and above [30]. Con-
sidering the limited size of the follow-up and the lack of a placebo control group in the
study, a double-blind versus placebo clinical study has been set up to comprehensively
assess the efficacy and safety of 2LPAPI and is currently still ongoing. In this preclinical
research study, the main objectives were to assess the effects of the actives composing the
formulation of the MIM 2LPAPI in two HR-HPV-related models in vitro. The first model
was obtained by exposing peripheral blood mononuclear cells (PBMCs) to a pool of pep-
tides derived from the HPV 16 capsid (HPV16wy) for 72 h. To our knowledge, at the time
this article was written, the aforementioned in vitro model of total PBMCs treated with
HPV-16 peptides had not previously been described. Thus, the first goal here was to de-
velop a proper HR-HPV model that could mimic the specific low-grade inflammation as-
sociated with persistent HPV infections. On the other hand, the second model employed
here, the HeLa cancer cell line, has been widely used in fundamental research studies re-
lated to cervical cancer. Indeed, HeLa cells were originally collected from a woman who
died from cervical carcinoma (CC) in 1951 [44], made up the first cell line established for
fundamental and medical research, related or not to HPV, and also used during the pre-
clinical development of HPV vaccines. Having HPV type 18 DNA integrated into their
genome, those cells also represent one of the best cellular models to assess the potential
effects of drugs in preventing HPV-induced carcinogenesis and/or treating HPV-induced
cancer. Thus, HeLa cells were considered as a suitable model to investigate the in vitro
effects of 2LPAPIL.

As followed through the manuscript structure, our study had three main objectives:
(i) to develop an in vitro HPV-16-immunological model to better understand the re-
sponses of the immune cells to HPV proteins; (ii) to investigate the effect of 2LPAPI from
an immune standpoint, using the same in vitro model of HPV-16; (iii) to study the effect
of the MIM on HeLa cell viability/proliferative capacity.

In the first part of the current study, we reported the immunological effects of
HPV16w) on PBMCs isolated from healthy women donors. Our investigations revealed
that a 5-day incubation with HPV161 led to an increased lympho-proliferation in com-
parison with the untreated control (Figure 2B). In addition, we found that PBMCs exposed
to HPV16wresponded by increasing the secreted levels of TNF-a and IL-1f3, even if it was
statistically significant solely for TNF-a (Figure 3). Both cytokines mainly exert pro-in-
flammatory/immunostimulatory responses, and their role in HPV infection, carcinogene-
sis, and HR-HPV-associated CC is not yet fully elucidated. Vitkauskaite et al. reported
significant increases in the circulating levels of several cytokines, including TNF-oc and IL-
1B, in patients with CC in comparison with healthy controls [45]. Indeed, these two cyto-
kines, with their ability to recruit neutrophils, are associated with an increase in reactive
oxygen species (ROS) production, which can drive carcinogenesis [46]. While more stud-
ies are necessary to validate this hypothesis, the oxidative stress produced in excess under
chronic inflammation can facilitate the integration of the viral genome into the host ge-
nome and, ultimately, initiate the carcinogenic process [16].

With these findings, we pursued our research to appraise the immune-modulatory
effect of 2LPAP], in the presence of HPV16w1, with the rationale that this peptide pool
could be a good model of a low-grade chronic inflammation. The exact mechanisms that
are involved in the immunogenicity of HPV161) were out of the scope of this study, in
addition to the delineation of a putative assembly of these peptides, but interestingly, con-
cerning the L1 structure, it is worth mentioning that, by having expressed the L1 major
capsid protein of HPV-16 in insect cells in vitro, Kirnbauer et al. were able to demonstrate
that this protein self-assembles into 50 nm-virus-like particles, which are morphological
analogs to native virions, in the absence of L2 or other papillomavirus proteins [47]. The
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effect of the five capsules composing the MIM on the cytokine secretion in our HPV-16
model is depicted in Figure 4, and interestingly, capsules MIM-1 to MIM-4 significantly
increased the secretion of IL-6 (Figure 4A). On the other hand, MIM-5 was the only one
that significantly increased the levels of interferon- y inducible protein (IP-10), while the
other capsules only slightly seemed to affect its secretion, without reaching statistical sig-
nificance (Figure 4B). Similarly, the results of the effects of the tested capsules of 2LPAPI
on IFN-y showed that the treatment might slightly increase its levels but in a non-signifi-
cant manner (Figure 4C). Despite the inter-individual variability usually observed in ex-
periments using donor-derived primary cells, it is interesting to note that positive corre-
lations were found among the samples between (i) the levels of IL-6 and IFN-y (r=0.55, p
= 0.001, Figure 4D) and (ii) between the concentrations of IP-10 and IFN-y (r = 0.53, p =
0.0008, Figure 4E). Overall, these results revealed that all the donors responded to the sim-
ultaneous exposure to HPV16w1 and 2LPAPI with a small/slight stimulation of the secre-
tion of IL-6, IFN-y, and, at least for one capsule, IP-10. Transposing these preclinical in
vitro data in the context of HPV infection, this immunostimulant effect on cytokine secre-
tion may be beneficial, as the three aforementioned cytokines could work synergically in
promoting viral clearance without resulting in a status of chronic inflammation. This hy-
pothesis should be supported by further clinical and fundamental research on the role of
these cytokines in the context of HR-HPV. In sustaining our hypothesis, it is noteworthy
to highlight that the treatment did not increase the levels of TNF-ac and IL-1§ (Supplemen-
tary Figure S3). This implies that the aforementioned putative markers of chronic inflam-
mation were not affected under these experimental conditions and, thus, finally suggest-
ing that the MIM modulates the host immunity in HPV-16 infections by slightly stimulat-
ing cytokines involved in anti-viral responses such as IL-6 [23]. While the increase is of about
a few pg/mlL, it is important to mention that immune cells can respond to those small con-
centrations of IL-6 [48], which correspond to the physiological circulating levels in healthy
individuals [49], and the slight up-regulation of IL-6 in the context of HPV infection might
be seen as a favorable effect that can sustain and promote the viral clearance. In addition,
the positive correlation found between (i) the secretion of IFN-y and IL-6 (Figure 4D) and
(ii) the secretion of IFN-y and IP-10 (Figure 4E) drew our attention, as IFN-y has been
demonstrated to upregulate IL-6 production via the Janus kinase 1/2 (JAK1/2)—signal
transducer and activator of transcription 1 (STAT1) pathway in human innate immune
cells [50]. Extrapolating these results within the local environment of the cervix, it is finally
worth mentioning that a study conducted at the University of Hawaii found an association
between increased cervical levels of TNF and other immunological markers, such as IL-
10, IL-12, and macrophage inflammatory protein-1 o« (MIP-1at), and a reduced likelihood
of HPV clearance [51]. Even if, in the current work, our immune model derived from
PBMC:s is not directly transposable to the local cervical microenvironment, our preclinical
data can, at least, bring about new knowledge explaining how 2LPAPI could modulate
the secretion of some markers involved in chronic inflammation and anti-viral responses,
opening novel perspectives for future research. In addition, to corroborate our hypothesis
on the mode of action of 2LPAP], an interesting study reported significantly higher levels
of IP-10 in the cervicovaginal secretion of women that efficiently eliminated the virus com-
pared to those that remained HPV-positive at the end of the study, suggesting a potential
role of IP-10 in the HPV clearance [52].

Concerning our results about IFN-vy, and even if the trends are quite small, such an
increase is still promising regarding the crucial role played by IFN-y in the clearance of
HPV. Upon infection with HPV, the immune system responds by releasing IFN-y, which
activates immune cells and initiates an anti-viral response by stimulating the production
of anti-viral proteins, such as the so-called interferon-induced transmembrane proteins
(IFITMs), tripartite motif (TRIM)5a, MXs or apolipoprotein B mRNA-editing enzyme cat-
alytic polypeptide-like 3 (APOBECS3), that restrict the entry, endosomal fusion, viral un-
coating, and nucleocapsid transport, inhibit viral replication and disrupt viral pathogen-
esis [53]. Additionally, IFN-y enhances the activity of natural killer (NK) cells and
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cytotoxic T-cells, which are essential for eliminating HPV-infected cells, and promote the
efficient clearance of the virus. It is, thus, interesting to pinpoint that 10 ng/mL IFN-y was
demonstrated to efficiently prevent HPV-16 pseudovirus infection of HaCaT cells, a spon-
taneously transformed human keratinocyte cell line [54].

In an attempt to pursue our investigations and evaluate the immune-modulatory ef-
fect of 2LPAPI, we wanted to focus our attention on the adaptive immune cells sub-popu-
lations. Thus, we appraised the ability of 2LPAPI actives to modulate the proliferation of
three subsets of T-cells: the CD4+, the CD8* and the CD4-/CD8-. As this last subset of dou-
ble-negative T-cells plays important roles either in protecting or in promoting inflamma-
tion and virus infection, in addition to a potential for malignant proliferation [55], we
thought that its inclusion in the analysis panel would be important. We thus showed that,
amongst all the analyzed T-cell sub-populations, MIM-5 was the only one able to reduce
the proliferation, especially within the CD4-/CD8- cells, in which its effect reached statis-
tical significance (Figure 5D-F). Regarding this result, we could hypothesize that the pres-
ence of IFN-a at 17 CH may have contributed, at least partially, to the immune-modula-
tory effect of this capsule on T-cells. Indeed, it has been reported that IFN-a injection pro-
longed the proliferation and the expansion of Ag-specific CD8* T-cells in an ovalbumin-
immunized mice model [56]. According to the previously published data on ultra-low-
dose (ULD)-based MIMs [27,36,37], we can hypothesize that IFN-a (17 CH), which, out of
the five assessed capsules here, is exclusively employed in MIM-5, could have reduced the
IFN-o expression and/or its biological activity, thus lowering the T-cell proliferation.

From the results presented in Figure 6, we showed that 2LPAPI slightly inhibited the
expression of the T-cell activation marker human leukocyte antigen (HLA)-DR. For instance,
while the expression of HLA-DR was not increased by HPV16w1 alone (Figure 6A-C), MIM-
2, -3, 4-, and -5 all significantly reduced its expression in the three assessed sub-popula-
tions of T-cells (Figure 6D-F). Of note, 2LPAPI contains specific nucleic acid (SNA)-HLA-
II, either at 10 CH or at 18 CH, in conjunction with other actives. Interestingly, the ULD of
the SNA-HLA-II, as used in MIM, have been reported to reduce the expression of both
HLA-DR and HLA-DP in IFN-y-stimulated endothelial cells and lipopolysaccharide
(LPS)-treated macrophages, respectively [40,41]. Thus, the presence of this SNA at ULD
in those capsules may also explain the current results, i.e., a similar reduction in HLA-II
expression in our MIM-treated-HPV16w1)-stimulated PBMCs. In addition to HLA-DR, a
consistent pattern of reduction in the expression of CD71 was found in all the three T-cell
sub-populations analyzed, CD4*, CD8, and CD4-/CDS§-, after treatment with MIM-4 and
MIM-5 (Figure 7A,D,G). Moreover, the expression of the CD95 marker was reduced in
CD8 and in CD4-/CD8- T-cells in a statistically significant manner in the MIM-5-treatment
condition when compared with the Veh. (Figure 7E,F). Finally, MIM-2, -3, 4-, and -5 all
significantly reduced the CD28 expression in the three assessed T-cells to different extents
depending on the considered sub-populations (Figure 7C,F,I). Overall, and in accordance
with the results of lympho-proliferation (Figure 7D-F), it can be observed that MIM-5 was
the one that reduced the expression of the four activation markers assessed, HLA-DR,
CD71, CD95, and CD28, the most consistently within the three T-cell subsets of interest.
The decreased expression of HLA-DR, CD71, CD95, and CD28 on T-cells suggests that
these cells may be functionally less activated by the specific HPV-16 peptide stimuli.

While more investigations are needed, with these findings, we can hypothesize that
2LPAPI may work as an immune adjuvant to promote the clearance, and at the same time,
it may contribute to lessening the risk of CC carcinogenesis by lowering the activation
state and the risk of the initiation of the chronic inflammation state induced by HR-HPV
infections.

The HR-HPV-associated CC risk is well-documented by virological, molecular, clin-
ical, and epidemiological studies [57]. Thus, in the last part of the study, we wanted to
appraise the in vitro effect of 2LPAPI in a model of CC cells in which the carcinogenic
process was initiated by HPV. Specifically, for our chosen model, HeLa are HPV-18-posi-
tive cells containing the viral genome integrated into the host DNA; thus, any effect of
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2LPAPI on cell growth and/or on cell viability in such model could potentially attest to an
effect on the expression of viral genes. Amongst the ingredients of 2LPAPI, we can pri-
marily focus our attention on the SNA-PAPI as this particular SNA is supposed to target
DNA sequences of different types of HPV, including HPV-18.

On the other hand, from a clinical perspective, fasting has often been associated with
conventional cancer treatment, as tumor-starvation therapies are quite promising and give
encouraging clinical results, especially within the context of gynecological cancers [58].
Indeed, beneficial effects on the quality-of-life scores have been reported when this
method was associated with chemotherapy in gynecologic malignancies [59]. Transposed
to preclinical settings, the effect of serum or food starvation in sensitizing cancer cells has
been widely demonstrated, respectively, in vitro and in vivo [60-62]. However, recent
studies reported that CC cells are still quite resistant to serum starvation [63], making it
difficult to obtain efficient therapies for CC management, even under environmental stress
conditions such as food starvation. Interestingly, it has also been shown that HPV infec-
tion exacerbates the negative effects of starvation on the development of Chlamydia tracho-
matis [64], another important risk factor for CC initiation [65]. Altogether, this body of
literature supports the fact that the serum depletion state further used in the current study
is coherent regarding the pathological context of the cellular model used here. In addition,
as MIM administration is best suited in a fasted state, the serum-free culture conditions
used here might also have mimicked the ideal administration mode for 2LPAP], as analo-
gies can be made between the cellular pathways involved in food deprivation and cellular
starvation in the context of cancer [66]. Nonetheless, in our model of serum-starved HeLa
cells, both MIM-1 and MIM-5 reduced the cell viability and the cell confluence after 5 days
of treatment in comparison with the Veh. (Figure 8). MIM-1 might have worked thanks to
its specific employment of SNA-PAPI (18 CH), which is supposed to target key sequences
of HPV to lower their expression. Moreover, it is also possible that the presence of ULD
of IFN-a within the MIM formulation could also have played a role in the inhibitory effect
of 2LPAPI on cell viability and cell confluence. It has previously been reported that IFN-
a is able to inhibit the proliferation of HPV 16-immortalized human keratinocytes [67].
Another study conducted on HeLa cells also suggested that 1 x 103 IU/mL IFN-«a selec-
tively inhibited cytoplasmic HPV 18 mRNA [68]. These results were confirmed by Perea
et al.,, who even suggested that, as IFN-a did not affect HPV 18 transcripts stability nor
did mediate its inhibitory effects through HPV 18 enhancer sequences, it could, however,
possibly repress nascent viral transcripts through regulatory cellular flanking regions [69].
Nonetheless, our pilot data can open the way to further investigations on this HPV-spe-
cific active substance of 2LPAPI. The role of IFN-a and its use at ULD in 2LPAPI has yet
to be elucidated; nonetheless, our pilot data can open the way to further investigations on
this HPV-specific active substance of 2LPAPI.

The relationship between HPV and the immune system is still a growing research
area, but it is now established that HPV infection has repercussions on cells from both
innate and adaptive immunity. Indeed, this virus largely impacts immune-related pro-
cesses such as macrophage differentiation, activation and maturation of dendritic cells, T-
cell functions, the balance between type 1 T-helper cells (Th1) and Th2 cells, or even reg-
ulatory T-cell (Treg) infiltration [70]. Our in vitro PBMCs-derived immunological model
of HPV-16 brings additional knowledge on how the virus could influence immune cell
functions, creating novel perspectives for further research. While peripheral blood studies
do not accurately represent the immune markers present at the specific site of HPV infec-
tion [71], it is interesting to have discovered this pattern of secreted cytokines induced by
the HPV-16 peptide mix, especially the TNF-a and IL-1f3 upregulation that may explain,
at least partially, one of the mechanisms involved in the chronic inflammation induced by
HR-HPV.

The major body of our study was dedicated to understanding the mode of action of
2LPAPI, an MIM authorized in Belgium and Luxemburg as an adjuvant to sustain the
immune system in cases of anogenital infections caused by HPV, diagnosed by a doctor,
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and confirmed by biology. The results of this study point out that the medicine might
promote viral clearance by slightly stimulating the secretion of IL-6, IP-10, and IFN-y and
contribute to impede the initiation or reduce the chronic inflammatory status associated
with CC carcinogenesis.

While the model used in this research has limitations, as typically, peripheral blood
studies do not accurately represent the immune markers present at the specific site of HPV
infection, the current results provided new insights into the in vitro effect of 2LPAPI on
PBMCs retrieved from women [71]. It is, thus, crucial to conduct complementary studies
in the future, which will directly assess the effect of 2LPAPI in the tissue affected by the
infection, considering the localized nature of HPV. In addition, and as highlighted by
Trimble et al., it is also important to keep in mind that during the course of HPV infection,
HPV antigens, which are necessary for both the initiation and the persistence of the dis-
ease, are not presented systemically in a robust manner and that clinically relevant im-
mune responses are not always reflected in the peripheral blood [71]. While the systematic
review and meta-analysis from Litwin et al. concluded that the infiltration of T-cells in
HPV-infected and pre-cancerous epithelium might decrease due to effective immune eva-
sion [72], the authors also mentioned that their analysis is unable to explain the factors
behind the varying adaptive immune responses to HPV infection among individuals and
that these factors likely include both environmental aspects like co-infection with other
sexually transmitted infections as well as genetic factors such as HLA. On that note, and
from the opposite side of the spectrum, in a chronic inflammatory context, considered as
one of the driving factors for carcinogenesis, maintaining the expression of the HLA-DR
receptor could also be seen as a valuable asset, as it could favor the mediation of the anti-
tumor immunity. Indeed, as reported by Hohn et al., CD4* tumor-infiltrating lymphocytes
in CC have the ability to recognize E7 peptides provided by HPV in an HLA-DR-restricted
background [73]. Nonetheless, several connections and interpretations of our results could
be made in an attempt to explain the relationship between the immune cells and the CC
cells, pinpointing the complementarity of the two models employed here. For instance,
one interesting finding that could resonate with the two models that we have studied here
is that a subgroup of CD71*was discovered within CC cells that showed a higher presence
of the HPV-E6 protein [74]. Importantly, the increased presence of the CD71* population
was linked to heightened tumorigenic characteristics. Keeping this in mind, it could be
valuable, in the context of HPV, to consider CD71 as a good target to inhibit the aggres-
siveness of CC. Even if our results reported an ability of 2LPAPI and especially MIM-4
and -5 to reduce the expression of this receptor within T-cell sub-populations (Figure 7A-
C), it could further be hypothesized that a similar effect of our medicine could be mim-
icked in cancer cells, opening a new perspective for further research. Moreover, in the
context of genital warts and pre-cancerous cervical lesions, HLA-DR targeting could be
an effective strategy, as its expression appears to be increased through the carcinogenic
process of cervical cancer [75]. For instance, transcriptomics profiles and protein expres-
sions were assessed in samples from normal cervixes, HPV types 16/18-positive, low-
grade CIN (LGCIN), high-grade CIN (HGCIN), and squamous cell carcinoma (SCC),
demonstrating upregulations of CD74 and HLA-DRA from normal cervix to CIN with the
highest in SCC [76].

5. Conclusions

In this first in vitro study about the micro-immunotherapy medicine (MIM) 2LPAPI,
the five capsules composing the medicine (referred to as MIM-1, -2, -3, -4 and -5) were
tested, and to understand their possible mode of action, a double axis of research was
followed. At first, we aimed to evaluate the immune-modulatory effect of those MIM cap-
sules in a model of human peripheral blood mononuclear cells (PBMCs) derived from the
blood of women donors that were challenged with an HPV16 peptide mix, HPV16wy). In
the second part, our principal objective was to evaluate the effects of the medicine on high-
risk (HR)-HPV-positive cells in which the virus is integrated into the genome. Thus, we
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assess the efficacy of this medicine in reducing the viability of the HPV-18-positive cervi-
cal carcinoma (CC)-derived HeLa cells.

From an immune standpoint, our results showed that the 2LPAPI medicine slightly
increased the secretion of IL-6, IFN-y, and IP-10—the three cytokines involved in the host
immune responses against viral infections—in HPV16wy-treated PBMCs. These results
were accompanied by the modulatory effect of the 2LPAPI on T-cells retrieved from the
same model. While the unique MIM-5 capsule reduced the proliferation of T-cells, MIM-
1;-2; -3; -4, and -5 all displayed an overall ability to diminish the expression of the activa-
tion markers CD71, CD95, HLA-DR, and CD28, possibly suggesting an inhibitory effect
counteracting the HPV16w1-induced immune-activation.

Put into the context of HR-HPV infections, the duality of the immune-modulatory
effect of 2LPAPI is interesting because, by (i) lowering the expression levels of the activa-
tion markers of HPV-challenged immune cells, the medicine could contribute to prevent-
ing a cancer-prone chronic inflammatory state, and at the same time, (ii) by slightly in-
creasing the secretion of anti-viral cytokines, 2LPAPI could also promote viral clearance.
Finally, our investigations in CC-derived cells reported the effect of MIM-1 and -5, in re-
ducing the viability of serum-starved HeLa cells after four days of treatment.

Taken together, these results shed light on the possible mode of action of 2LPAPI in
the framework of HPV infections.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/cancers16071421/s1. Supplementary Figure S1: Influence of
the L1-protein capsid of HPV 16 (HPV16wy) on the proliferation of human peripheral blood mono-
nuclear cells (PBMCs) isolated from (A) men and (B) women donors; Supplementary Figure S2: Ef-
fect of HPV16(1 and IL-2 treatments on the secretion of cytokines involved in the anti-viral response
in peripheral blood mononuclear cells (PBMCs) retrieved from women; Supplementary Figure S3:
Effect of 2LPAPI on the secretion of cytokines involved in the anti-viral response in a model of
HPV16w-treated peripheral blood mononuclear cells (PBMCs) from women; Supplementary Fig-
ure S4: Effect of HPV16w1 and IL-2 on the lympho-proliferation of the total T-cells from peripheral
blood mononuclear cells (PBMCs) isolated from women; Supplementary Figure S5: Effect of IL-2
and HPV16@w treatment on the expression levels of three membrane markers involved in T-cell ac-
tivation, CD71, CD95 and CD28, in human peripheral blood mononuclear cells (PBMCs) retrieved
from women; Supplementary Figure S6: Influence of fetal bovine serum (FBS) concentration on the
confluence of the HPV-positive HeLa cancer cell line; Supplementary Figure S7: Kinetic proliferation
related to the effect of MIM-2, -3 and -4 in a model of starved HPV-positive cervical cancer cells.

Author Contributions: Conceptualization, C.J.,, M.C. and LF.; methodology, M.C., EM., V.A. and
C.C,; software, M.C., F.M.,, V.A. and C.C,; validation, L.F.; formal analysis, M.C., EM., V.A,, C.C, CJ.
and LF,; investigation, C.J. and LF.; resources, C.J. and LF.; data curation, M.C,, V.A,, CJ,, and LF,;
writing —original draft preparation, C.J. and LF.; writing—review and editing, C.J., M.C., V.A. and
LE.; visualization, C.J.; supervision, L.F.; project administration, C.J. and LF. All authors have read
and agreed to the published version of the manuscript.

Funding: This research was funded by Labo’Life France.

Institutional Review Board Statement: The study was conducted in accordance with the Declara-
tion of Helsinki and approved by the Institutional Review Board and Ethics Committee of the French
Ministry of Research (agreement number CPDL-PLER-2023 009 obtained on 20 February 2023).

Informed Consent Statement: Written informed consent was obtained by the French state agency
EFS (www.efs.sante.fr, accessed on 2 February 2024) for the use of blood of anonymous healthy
donors for research purposes.

Data Availability Statement: The data of the current study are available from the corresponding
author upon reasonable request.

Acknowledgments: The authors would like to thank Miquel Ensenyat and his team for having pre-
pared, provided, and sent the vehicle and the tested MIMs to ProfileHIT, Imavita, and VivaCell
facilities. The authors are thankful to Kurt Appel and his team from VivaCell Biotechnology GmbH
for their expertise in the realization of the preliminary experiments on HeLa cell proliferation. The



Cancers 2024, 16, 1421 21 of 24

authors would like to thank Sofia Frau for her insightful comments and suggestions provided in the
last version of the manuscript.

Conflicts of Interest: The authors declared the following conflicts of interest with respect to the
research, authorship, and/or publication of this article: Camille Jacques and Ilaria Floris work for
Labo’Life France, the company service provider of Labo’Life, specialized in preclinical research and
regulatory affairs. This professional relationship does not imply any misconduct on the part of the
authors. Mathias Chatelais and Flora Marchand work for ProfileHIT, an innovative profiling com-
pany involved in the human vascular-immunological crosstalk research field. Virginie Albinet and
Claire Coustal work for Imavita S.A.S., a company proposing services in the exploration of preclin-
ical models, imaging and image analysis.

Abbreviations

APOBECS: apolipoprotein B mRNA-editing enzyme catalytic polypeptide-like 3; ATCC:
American Type Culture Collection; CH: centesimal Hahnemannian; CIN: cervical intraepithelial ne-
oplasia; COX-2: cyclooxygenase-2; CsA: cyclosporin A; Ct.: control; DMEM: Dulbecco’s Modified
Eagle Medium; DNA: deoxyribonucleic acid; ECACC: European Collection of Authenticated Cell
Cultures; EFS: Etablissement Francais du Sang; ELISA: enzyme linked immunosorbent assay; FBS;
fetal bovine serum; GM-CSF: granulocyte macrophage colony stimulating factor; HEPES: 4-(2-hy-
droxyethyl)-1-piperazineethanesulfonic acid; HLA: human leukocyte antigen; HPV: human papil-
lomavirus; HPV 16-L1 capsid-protein: HPV161; hr: human recombinant; HR: high-risk; IARC: In-
ternational Agency for Research on Cancer; IFITMs: interferon-induced transmembrane proteins;
IEN: interferon; IL: interleukin; IP-10: IFN-y inducible protein of 10 kDa; IL-1Ra: IL-1 receptor an-
tagonist; JAK1/2: Janus kinase %2; LD: low doses; MEM: minimum essential medium; MFI: median
fluorescence intensity; MI: micro-immunotherapy; MIM: micro-immunotherapy medicine; MIP-1at:
macrophage inflammatory protein-1a; PBMCs: peripheral blood mononuclear cells; PGE2: prosta-
glandin E2; pRb: retinoblastoma; RCU: read-copy update; RNA: ribonucleic acid; RNS: reactive ni-
trogen species; ROS: reactive oxygen species; RPMI: Roswell Park Memorial Institute; S.E.M.: stand-
ard error of the mean; S.D.: standard deviation; SN: supernatant; SNA: specific nucleic acid; STAT1:
signal transducer and activator of transcription 1; Th: T-helper cell; TLR7: toll like receptor 7; TNF-
o tumor necrosis factor a; Treg: regulatory T-cell; TRIM: tripartite motif; ULD: ultra-low doses;
Veh.: vehicle.

References

1.

10.

Kreisel, K. M.; Spicknall, .H.; Gargano, ] W.; Lewis, F.M.; Lewis, R.M.; Markowitz, L.E.; Roberts, H.; Johnson, A.S.; Song, R.; Cyr,
S.B.S.; et al. Sexually Transmitted Infections Among US Women and Men: Prevalence and Incidence Estimates, 2018. Sex.
Transm. Dis. 2021, 48, 208-214. https://doi.org/10.1097/0lq.0000000000001355.

De Martel, C.; Georges, D.; Bray, F.; Ferlay, ].; Clifford, G.M. Global burden of cancer attributable to infections in 2018: A world-
wide incidence analysis. Lancet Glob. Health 2020, 8, e180-e190. https://doi.org/10.1016/s2214-109x(19)30488-7.

Huang, J.-Y,; Lin, C.; Tsai, S.C.-S.; Lin, F.C.-F. Human Papillomavirus Is Associated with Adenocarcinoma of Lung: A Popula-
tion-Based Cohort Study. Front. Med. 2022, 9, 932196. https://doi.org/10.3389/fmed.2022.932196.

Murioz, N.; Bosch, F.X.; De Sanjosé, S.; Herrero, R.; Castellsagué, X.; Shah, K.V.; Snijders, P.J.F.; Meijer, C.J.L.M. Epidemiologic
Classification of Human Papillomavirus Types Associated with Cervical Cancer. N. Engl. . Med. 2003, 348, 518-527.
https://doi.org/10.1056/nejmoa021641.

Zur Hausen, H. Papillomaviruses and cancer: From basic studies to clinical application. Nat. Rev. Cancer 2002, 2, 342-350.
https://doi.org/10.1038/nrc798.

Kim, S.I; Kim, ] W. Book Review: IARC handbooks of cancer prevention, volume 18: Cervical cancer screening. |. Gynecol. Oncol.
2022, 33, e65. https://doi.org/10.3802/jg0.2022.33.e65.

Akaaboune, M.; Kenfack, B.; Viviano, M.; Temogne, L.; Catarino, R.; Tincho, E.; Mbobda, J.; Tran, P.L.; Camail, R.; Vassilakos,
P.; et al. Clearance and persistence of the human papillomavirus infection among Cameroonian women. Women's Health 2018,
14, 1745506518805642. https://doi.org/10.1177/1745506518805642.

Rositch, A.F.; Koshiol, J.; Hudgens, M.G.; Razzaghi, H.; Backes, D.M.; Pimenta, ].M.; Franco, E.L.; Poole, C.; Smith, ].S. Patterns
of persistent genital human papillomavirus infection among women worldwide: A literature review and meta-analysis. Int. |.
Cancer 2013, 133, 1271-1285. https://doi.org/10.1002/ijc.27828.

Zhao, M.; Zhou, D.; Zhang, M.; Kang, P.; Cui, M.; Zhu, L.; Luo, L. Characteristic of persistent human papillomavirus infection
in women worldwide: A meta—analysis. Peer] 2023, 11, e16247. https://doi.org/10.7717/peer;j.16247.

Coleman, N.; Birley, H.D.; Renton, A.M.; Hanna, N.F.; Ryait, B.K.; Byrne, M.; Taylor-Robinson, D.; Stanley, M.A. Immunological
Events in Regressing Genital Warts. Am. J. Clin. Pathol. 1994, 102, 768-774. https://doi.org/10.1093/ajcp/102.6.768.



Cancers 2024, 16, 1421 22 of 24

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Wentzensen, N.; Vinokurova, S.; Doeberitz, M.v.K. Systematic Review of Genomic Integration Sites of Human Papillomavirus
Genomes in Epithelial Dysplasia and Invasive Cancer of the Female Lower Genital Tract. Cancer Res. 2004, 64, 3878-3884.
https://doi.org/10.1158/0008-5472.can-04-0009.

Yeo-Teh, N.S.L.; Ito, Y.; Jha, S. High-Risk Human Papillomaviral Oncogenes E6 and E7 Target Key Cellular Pathways to Achieve
Oncogenesis. Int. |. Mol. Sci. 2018, 19, 1706. https://doi.org/10.3390/ijms19061706.

Zhou, J.; Li, B.; Peng, C.; Wang, F.; Fu, Z.; Zhou, C.; Hong, D.; Ye, F.; Lii, W.; Xie, X. Inhibition of cervical cancer cell growth in
vitro and in vivo by lentiviral-vector mediated shRNA targeting the common promoter of HPV16 E6 and E7 oncogenes. Antivir.
Res. 2013, 98, 305-313. https://doi.org/10.1016/j.antiviral.2013.03.010.

Goodwin, E.C.; DiMaio, D. Repression of human papillomavirus oncogenes in HeLa cervical carcinoma cells causes the orderly
reactivation of dormant tumor suppressor pathways. Proc. Natl. Acad. Sci. USA 2000, 97, 12513-12518.
https://doi.org/10.1073/pnas.97.23.12513.

Almeida, A.M.; Queiroz, J.A.; Sousa, F.; Sousa, A. Cervical cancer and HPV infection: Ongoing therapeutic research to counter-
act the action of E6 and E7 oncoproteins. Drug Discov. Today 2019, 24, 2044-2057. https://doi.org/10.1016/j.drudis.2019.07.011.
Williams, V.M.; Filippova, M.; Soto, U.; Duerksen-Hughes, P.J. HPV-DNA integration and carcinogenesis: Putative roles for
inflammation and oxidative stress. Future Virol. 2011, 6, 45-57. https://doi.org/10.2217/fv1.10.73.

Illah, O.; Olaitan, A. Updates on HPV Vaccination. Diagnostics 2023, 13, 243. https://doi.org/10.3390/diagnostics13020243.

Kori, M.; Arga, K.Y.; Mardinoglu, A.; Turanli, B. Repositioning of Anti-Inflammatory Drugs for the Treatment of Cervical Cancer
Sub-Types. Front. Pharmacol. 2022, 13, 884548. https://doi.org/10.3389/fphar.2022.884548.

Garcia-Quiroz, J.; Vazquez-Almazan, B.; Garcia-Becerra, R.; Diaz, L.; Avila, E. The Interaction of Human Papillomavirus Infec-
tion and Prostaglandin E2 Signaling in Carcinogenesis: A Focus on Cervical Cancer Therapeutics. Cells 2022, 11, 2528.
https://doi.org/10.3390/cells11162528.

Borella, F.; Gallio, N.; Mangherini, L.; Cassoni, P.; Bertero, L.; Benedetto, C.; Preti, M. Recent advances in treating female genital
human papillomavirus related neoplasms with topical imiquimod. ] ~Med. Virol. 2023, 95  e29238.
https://doi.org/10.1002/jmv.29238. PMID: 38009696.

Gibson, S.J.; Imbertson, L.M.; Wagner, T.L.; Testerman, T.L.; Reiter, M.].; Miller, R.L.; Tomai, M.A. Cellular Requirements for
Cytokine Production in Response to the Immunomodulators Imiquimod and S-27609. ]. Interf. Cytokine Res. 1995, 15, 537-545.
https://doi.org/10.1089/jir.1995.15.537.

Dhamanage, A.; Thakar, M.; Paranjape, R. Human Immunodeficiency Virus-1 Impairs IFN-Alpha Production Induced by TLR-
7 Agonist in Plasmacytoid Dendritic Cells. Viral Immunol. 2017, 30, 28-34. https://doi.org/10.1089/vim.2016.0084.

Ntuli, L.; Mtshali, A.; Mzobe, G.; Liebenberg, L.J.; Ngcapu, S. Role of Immunity and Vaginal Microbiome in Clearance and
Persistence of Human Papillomavirus Infection.  Front. Cell. Infect.  Microbiol. 2022, 12,  927131.
https://doi.org/10.3389/fcimb.2022.927131.

Stanley, M.A. Genital human papillomavirus infections: Current and prospective therapies. J. Gen. Virol. 2012, 93, 681-691.
https://doi.org/10.1099/vir.0.039677-0.

Stern, P.L.; van der Burg, S.H.; Hampson, .N.; Broker, T.R.; Fiander, A.; Lacey, C.J.; Kitchener, H.C.; Einstein, M.H. Therapy of
Human Papillomavirus-Related Disease. Vaccine 2012, 30, F71-F82. https://doi.org/10.1016/j.vaccine.2012.05.091.

Scott, M.; Nakagawa, M.; Moscicki, A.-B. Cell-Mediated Immune Response to Human Papillomavirus Infection. Clin. Diagn. Lab.
Immunol. 2001, 8, 209-220. https://doi.org/10.1128/cdli.8.2.209-220.2001.

Floris, I.; Garcia-Gonzalez, V.; Palomares, B.; Appel, K.; Lejeune, B. The Micro-Immunotherapy Medicine 2LARTH® Reduces
Inflammation and Symptoms of Rheumatoid Arthritis In Vivo. Int. ] Rheumatol. 2020, 2020, 1594573.
https://doi.org/10.1155/2020/1594573.

Floris, I.; Chenuet, P.; Togbe, D.; Volteau, C.; Lejeune, B. Potential Role of the Micro-Immunotherapy Medicine 2LALERG in the
Treatment of Pollen-Induced Allergic Inflammation. Dose-Response. 2020, 18, 1559325820914092.
https://doi.org/10.1177/1559325820914092.

Jacques, C.; Chatelais, M.; Fekir, K.; Fauconnier, L.; Mellier, M.; Togbe, D.; Floris, I. The Micro-Immunotherapy Medicine 2LEID
Exhibits an Immunostimulant Effect by Boosting Both Innate and Adaptive Immune Responses. Int. . Mol. Sci. 2021, 23, 110.
https://doi.org/10.3390/ijms23010110.

Thomas, G.; Cluzel, H.; Lafon, J.; Bruhwyler, ].; Lejeune, B. Efficacy of 2LPAPI®, a Micro-Immunotherapy Drug, in Patients with
High-Risk Papillomavirus Genital Infection. Adv. Infect. Dis. 2016, 6, 7-14. https://doi.org/10.4236/aid.2016.61002.

Deberne, M.; Levy, A.; Mondini, M.; Dessen, P.; Vivet, S.; Supiramaniam, A.; Vozenin, M.-C.; Deutsch, E. The combination of
the antiviral agent cidofovir and anti-EGFR antibody cetuximab exerts an antiproliferative effect on HPV-positive cervical can-
cer cell lines’ in-vitro and in-vivo xenografts. Anti-Cancer Drugs 2013, 24, 599-608. https://doi.org/10.1097/cad.0b013e3283612a71.
Andrei, G.; Snoeck, R.; Schols, D.; de Clercq, E. Induction of Apoptosis by Cidofovir in Human Papillomavirus (HPV)-Positive
Cells. Oncol. Res. 2000, 12, 397—408. https://doi.org/10.3727/096504001108747855.

Amine, A.; Rivera, S.; Opolon, P.; Dekkal, M.; Biard, D.S.F.; Bouamar, H.; Louache, F.; McKay, M.].; Bourhis, J.; Deutsch, E.; et
al. Novel Anti-Metastatic Action of Cidofovir Mediated by Inhibition of E6/E7, CXCR4 and Rho/ROCK Signaling in HPV Tumor
Cells. PLoS ONE 2009, 4, e5018. https://doi.org/10.1371/journal.pone.0005018.

Popescu, N.; DiPaolo, J.; Amsbaugh, S. Integration sites of human papillomavirus 18 DNA sequences on HeLa cell chromo-
somes. Cytogenet. Cell Genet. 1987, 44, 58-62. https://doi.org/10.1159/000132342.



Cancers 2024, 16, 1421 23 of 24

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Jacques, C.; Chatelais, M.; Fekir, K.; Brulefert, A.; Floris, I. The Unitary Micro-Immunotherapy Medicine Interferon-y (4 CH)
Displays Similar Immunostimulatory and Immunomodulatory Effects than Those of Biologically Active Human Interferon-y
on Various Cell Types. Int. ]. Mol. Sci. 2022, 23, 2314. https://doi.org/10.3390/ijms23042314.

Floris, I.; Appel, K.; Rose, T.; Lejeune, B. 2LARTH®, a micro-immunotherapy medicine, exerts anti-inflammatory effects in vitro
and reduces TNF-a and IL-1{ secretion. |. Inflamm. Res. 2018, 11, 397-405. https://doi.org/10.2147/jir.s174326.

Floris, I.; Rose, T.; Rojas, ].A.C.; Appel, K.; Roesch, C.; Lejeune, B. Pro-Inflammatory Cytokines at Ultra-Low Dose Exert Anti-
Inflammatory Effect In Vitro: A Possible Mode of Action Involving Sub-Micron Particles? Dose-Response Publ. Int. Hormesis Soc.
2020, 18, 1559325820961723. https://doi.org/10.1177/1559325820961723.

Vaux, D.L. Research methods: Know when your numbers are significant. Nature 2012, 492, 180-181.
https://doi.org/10.1038/492180a.

Ross, S.H.; Cantrell, D.A. Signaling and Function of Interleukin-2 in T Lymphocytes. Annu. Rev. Immunol. 2018, 36, 411-433.
https://doi.org/10.1146/annurev-immunol-042617-053352.

Jacques, C.; Marchand, F.; Chatelais, M.; Brulefert, A.; Floris, I. Understanding the Mode of Action of a Micro-Immunotherapy
Formulation: Pre-Clinical Evidence from the Study of 2LEBV® Active Ingredients. Life 2024, 14, 102.
https://doi.org/10.3390/1ife14010102.

Jacques, C.; Marchand, F.; Chatelais, M.; Floris, I. Actives from the Micro-Immunotherapy Medicine 2LMIREG® Reduce the
Expression of Cytokines and Immune-Related Markers Including Interleukin-2 and HLA-II While Modulating Oxidative Stress
and Mitochondrial Function. J. Inflamm. Res. 2024, 17, 1161-1181. https://doi.org/10.2147 /jir.s445053.

Pateras, L.S.; Williams, C.; Gianniou, D.D.; Margetis, A.T.; Avgeris, M.; Rousakis, P.; Legaki, A.-L; Mirtschink, P.; Zhang, W.;
Panoutsopoulou, K.; et al. Short term starvation potentiates the efficacy of chemotherapy in triple negative breast cancer via
metabolic reprogramming. |. Transl. Med. 2023, 21, 169. https://doi.org/10.1186/s12967-023-03935-9.

O'Brien, J.; Wilson, I; Orton, T.; Pognan, F. Investigation of the Alamar Blue (resazurin) fluorescent dye for the assessment of
mammalian cell cytotoxicity. Eur. ]. Biochem. 2000, 267, 5421-5426.

Go, G. Tissue Culture Studies of the proliferative capacity of cervical carcinoma and normal epithelium. Cancer Res. 1952, 12,
264-265.

Vitkauskaite, A.; Urboniene, D.; Celiesiute, J.; Jariene, K.; Skrodeniene, E.; Nadisauskiene, R.].; Vaitkiene, D. Circulating inflam-
matory markers in cervical cancer patients and healthy controls. ]. Immunotoxicol. 2020, 17, 105-109.
https://doi.org/10.1080/1547691x.2020.1755397.

Dinarello, C.A. Interleukin-1 in the pathogenesis and treatment of inflammatory diseases. Blood 2011, 117, 3720-3732.
https://doi.org/10.1182/blood-2010-07-273417.

Kirnbauer, R.; Booy, F.; Cheng, N.; Lowy, D.R.; Schiller, ]J.T. Papillomavirus L1 major capsid protein self-assembles into virus-
like particles that are highly immunogenic. Proc. Natl. Acad. Sci. USA 1992, 89, 12180-12184.
https://doi.org/10.1073/pnas.89.24.12180.

Hansen, M.B. Interleukin-6 signaling requires only few IL-6 molecules: Relation to physiological concentrations of extracellular
IL-6. Immun. Inflamm. Dis. 2020, 8, 170-180. https://doi.org/10.1002/iid3.292.

Agorastos, A.; Hauger, R.L.; Barkauskas, D.A.; Moeller-Bertram, T.; Clopton, P.L.; Haji, U.; Lohr, ].B.; Geracioti, T.D.; Patel, P.M.;
Chrousos, G.P.; et al. Circadian rhythmicity, variability and correlation of interleukin-6 levels in plasma and cerebrospinal fluid
of healthy men. Psychoneuroendocrinology 2014, 44, 71-82. https://doi.org/10.1016/j.psyneuen.2014.02.020.

Yoshida, S.; Yamada, S.; Yokose, K.; Matsumoto, H.; Fujita, Y.; Asano, T.; Matsuoka, N.; Temmoku, J.; Sato, S.; Yoshiro-Furuya,
M.; et al. Interferon-y induces interleukin-6 production by neutrophils via the Janus kinase (JAK)-signal transducer and activa-
tor of transcription (STAT) pathway. BMC Res. Notes 2021, 14, 447. https://doi.org/10.1186/s13104-021-05860-w.

Scott, M.E.; Shvetsov, Y.B.; Thompson, P.J.; Hernandez, B.Y.; Zhu, X.; Wilkens, L.R.; Killeen, J.; Vo, D.D.; Moscicki, A.-B.; Good-
man, M.T. Cervical cytokines and clearance of incident human papillomavirus infection: Hawaii HPV cohort study. Int. J. Cancer
2013, 133, 1187-1196. https://doi.org/10.1002/ijc.28119.

Shannon, B.; Yi, T.; Perusini, S.; Gajer, P.; Ma, B.; Humphrys, M.; Thomas-Pavanel, J.; Chieza, L.; Janakiram, P.; Saunders, M.; et
al. Association of HPV infection and clearance with cervicovaginal immunology and the vaginal microbiota. Mucosal Immunol.
2017, 10, 1310-1319. https://doi.org/10.1038/mi.2016.129.

MacMicking, ].D. Interferon-inducible effector mechanisms in cell-autonomous immunity. Nat. Rev. Immunol. 2012, 12, 367-382.
https://doi.org/10.1038/nri3210.

Day, P.M.; Thompson, C.D.; Lowy, D.R; Schiller, ].T. Interferon Gamma Prevents Infectious Entry of Human Papillomavirus
16 via an L2-Dependent Mechanism. |. Virol. 2017, 91, e00168-17. https://doi.org/10.1128/jvi.00168-17.

Wu, Z; Zheng, Y.; Sheng, J.; Han, Y.; Yang, Y.; Pan, H.; Yao, J. CD3+CD4-CD8- (Double-Negative) T Cells in Inflammation,
Immune Disorders and Cancer. Front. Immunol. 2022, 13, 816005. https://doi.org/10.3389/fimmu.2022.816005.

Le Bon, A.; Durand, V.; Kamphuis, E.; Thompson, C.; Bulfone-Paus, S.; Rossmann, C.; Kalinke, U.; Tough, D.F. Direct Stimula-
tion of T Cells by Type I IFN Enhances the CD8+ T Cell Response during Cross-Priming. . Immunol. 2006, 176, 4682—-4689.
https://doi.org/10.4049/jimmunol.176.8.4682.

Horvath, C.A.; Boulet, G.A.; Renoux, V.M.; Delvenne, P.O.; Bogers, ].-P.]. Mechanisms of cell entry by human papillomaviruses:
An overview. Virol. ]. 2010, 7, 11. https://doi.org/10.1186/1743-422x-7-11.



Cancers 2024, 16, 1421 24 of 24

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Koppold-Liebscher, D.; Kessler, C.S.; Steckhan, N.; Bahr, V.; Kempter, C.; Wischnewsky, M.; Hiibner, M.; Kunz, B.; Paul, M.;
Zorn, S.; et al. Short-term fasting accompanying chemotherapy as a supportive therapy in gynecological cancer: Protocol for a
multicenter randomized controlled clinical trial. Trials 2020, 21, 854. https://doi.org/10.1186/s13063-020-04700-9.

Riedinger, C.J.; Kimball, K.J.; Kilgore, L.C.; Bell, CW.; Heidel, R.E.; Boone, ].D. Water only fasting and its effect on chemotherapy
administration in gynecologic malignancies. Gynecol. Oncol. 2020, 159, 799-803. https://doi.org/10.1016/j.ygyno.2020.09.008.
Lee, C; Raffaghello, L.; Brandhorst, S.; Safdie, F.M.; Bianchi, G.; Martin-Montalvo, A.; Pistoia, V.; Wei, M.; Hwang, S.; Merlino,
A.; et al. Fasting Cycles Retard Growth of Tumors and Sensitize a Range of Cancer Cell Types to Chemotherapy. Sci. Transl.
Med. 2012, 4, 124ra27. https://doi.org/10.1126/scitranslmed.3003293.

Lee, C.; Safdie, F.M.; Raffaghello, L.; Wei, M.; Madia, F.; Parrella, E.; Hwang, D.; Cohen, P.; Bianchi, G.; Longo, V.D. Reduced
Levels of IGF-I Mediate Differential Protection of Normal and Cancer Cells in Response to Fasting and Improve Chemothera-
peutic Index. Cancer Res. 2010, 70, 1564-1572. https://doi.org/10.1158/0008-5472.can-09-3228.

Raffaghello, L.; Lee, C.; Safdie, F.M.; Wei, M.; Madia, F.; Bianchi, G.; Longo, V.D. Starvation-dependent differential stress re-
sistance protects normal but not cancer cells against high-dose chemotherapy. Proc. Natl. Acad. Sci. USA 2008, 105, 8215-8220.
https://doi.org/10.1073/pnas.0708100105.

Li, Q.-Q.; Zhang, L.; Wan, H.-Y,; Liu, M,; Li, X.; Tang, H. CREB1-driven expression of miR-320a promotes mitophagy by down-
regulating VDAC1 expression during serum starvation in cervical cancer cells. Oncotarget 2015, 6, 34924-34940.
https://doi.org/10.18632/oncotarget.5318.

Sherchand, S.P.; Ibana, J.A.; Zea, A.H.; Quayle, A.].; Aiyar, A. The High-Risk Human Papillomavirus E6 Oncogene Exacerbates
the Negative Effect of Tryptophan Starvation on the Development of Chlamydia trachomatis. PLoS ONE 2016, 11, e0163174.
https://doi.org/10.1371/journal.pone.0163174.

Zhu, H.; Shen, Z.; Luo, H.; Zhang, W.; Zhu, X. Chlamydia Trachomatis Infection-Associated Risk of Cervical Cancer: A Meta-
Analysis. Medicine 2016, 95, e3077. https://doi.org/10.1097/md.0000000000003077.

Buono, R.; Longo, V.D. Starvation, stress resistance, and cancer. Trends Endocrinol. Metab. 2018, 29, 271-280.
https://doi.org/10.1016/j.tem.2018.01.008.

Khan, M.A; Tolleson, W.H.; Gangemi, J.D.; Pirisi, L. Inhibition of growth, transformation, and expression of human papilloma-
virus type 16 E7 in human keratinocytes by alpha interferons. J. Virol. 1993, 67, 3396-3403. https://doi.org/10.1128/jvi.67.6.3396-
3403.1993.

Nawa, A.; Nishiyama, Y.; Yamamoto, N.; Maeno, K.; Goto, S.; Tomoda, Y. Selective suppression of human papilloma virus type
18 mRNA level in HeLa cells by interferon. Biochem. Biophys. Res. Commun. 1990, 170, 793-799. https://doi.org/10.1016/0006-
291x(90)92161-r.

Perea, S.E.; Lépez-Ocejo, O.; Garcia-Milian, R.; Arafa, M.D.]. Interferon-alpha elicits Downregulation of Human Papillomavirus
18 mRNA in HeLa Cells by Selective Repression of Endogenous Viral Transcription. J. Interf. Cytokine Res. 1995, 15, 495-501.
https://doi.org/10.1089/jir.1995.15.495.

Song, D.; Li, H,; Li, H.; Dai, J. Effect of human papillomavirus infection on the immune system and its role in the course of
cervical cancer. Oncol. Left. 2015, 10, 600-606. https://doi.org/10.3892/01.2015.3295.

Trimble, C.L.; Peng, S.; Thoburn, C.; Kos, F.; Wu, T.C. Naturally occurring systemic immune responses to HPV antigens do not
predict regression of CIN2/3. Cancer Immunol. Immunother. 2010, 59, 799-803. https://doi.org/10.1007/s00262-009-0806-4.

Litwin, T.R,; Irvin, S.R.; Chornock, R.L.; Sahasrabuddhe, V.V,; Stanley, M.; Wentzensen, N. Infiltrating T-cell markers in cervical
carcinogenesis: A systematic review and meta-analysis. Br. |. Cancer 2021, 124, 831-841. https://doi.org/10.1038/s41416-020-
01184-x.

Hohn, H.; Pilch, H.; Gunzel, S.; Neukirch, C.; Hilmes, C.; Kaufmann, A.; Seliger, B.; Maeurer, M.]. CD4+ Tumor-Infiltrating
Lymphocytes in Cervical Cancer Recognize HLA-DR-Restricted Peptides Provided by Human Papillomavirus-E7. ]. Immunol.
1999, 163, 5715-5722. https://doi.org/10.4049/jimmunol.163.10.5715.

Leung, T.H.-Y.; Tang, HW.-M.; Siu, M.K.-Y.; Chan, D.W.; Chan, K.K.-L.; Cheung, A.N.-Y.; Ngan, H.Y.-5. CD71+ Population
Enriched by HPV-E6 Protein Promotes Cancer Aggressiveness and Radioresistance in Cervical Cancer Cells. Mol. Cancer Res.
2019, 17, 1867-1880. https://doi.org/10.1158/1541-7786.mcr-19-0068.

Zhou, J.-H.; Ye, F.; Chen, H.-Z.; Zhou, C.-Y.; Lu, W.-G.; Xie, X. Altered expression of cellular membrane molecules of HLA-DR,
HLA-G and CD99 in cervical intraepithelial neoplasias and invasive squamous cell carcinoma. Life Sci. 2006, 78, 2643-2649.
https://doi.org/10.1016/j.1fs.2005.10.039.

Balakrishnan, C.K,; Tye, G.J.; Balasubramaniam, S.D.; Kaur, G. CD74 and HLA-DRA in Cervical Carcinogenesis: Potential Tar-
gets for Antitumour Therapy. Medicina 2022, 58, 190. https://doi.org/10.3390/medicina58020190.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.



