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Abstract. P40 is a particulate fraction or fragment isolated 
from Corynebacterium granulosum, which exhibits a wide 
spectrum of pharmacological functions including antitumor, 
antibacterial, phagocytic, antiviral and cytokine induction 
effects. In the present study, the immunomodulatory potential 
of P40-conjugated with hyaluronic acid was assessed in a mouse 
model of dermatitis induced by oxazolone. Oxazolone-induced 
allergic contact dermatitis is a T cell-mediated Th2-like hyper-
sensitivity reaction, which mimics the corresponding reaction 
in humans. Female cluster of differentiation-1 mice were 
sensitized on days 0 and 1 by the application of 2% oxazolone 
onto a shaved back. The disease was induced by re-challenge 
on day 7 using 15% oxazolone in the inner and outer of the left 
ears of the mice. Mice were topically treated with hyaluronic 
acid-P40 conjugate cream or with placebo to the inner and 
outer surface of the left ear for 7 consecutive days starting 
from 1 h after the sensitization. A significant reduction in ear 
thickness and weight and in edema and leukocyte recruitment 
were observed in the mice treated with hyaluronic-P40 conju-
gate cream compared with mice treated with the cream base 
alone (P<0.05). Thus, P40-conjugated with hyaluronic acid 
may constitute an innovative dermatitis treatment.

Introduction

P40 is a particulate fraction or fragment isolated from Coryne‑
bacterium granulosum (now called Propionibacterium acnes), 
that was first described in 1970 by a group of researchers at the 
Pasteur Institute in Paris, and has previously been studied for 
its pleiotropic effect (1). P40 has been demonstrated to perform 

a wide spectrum of pharmacological functions including, 
antitumor effects via a marked inhibitory activity towards 
ʻliquidʼ and solid tumors in mice (2), adjuvant effects (3), 
immunomodulatory effects (4), effects on phagocytosis (5,6), 
antimicrobial properties on bacterial infections (7), effects 
on viral infections (8), cytokine induction (9) and effects on 
Escherichia coli infections (10). In animal models, it has 
been demonstrated that P40 exhibits dichotomous action in 
immune-mediated diseases by increasing the production of 
antibodies against sheep red blood cells and augmenting the 
resistance of mice towards bacterial infections (4). P40 may 
also enhance the primary and secondary immune responses to 
a stimulus involving a particulate antigen, and under defined 
conditions, overcome the immunosuppressive effects of cyclo-
phosphamide (4,11).

Furthermore, a number of clinical trials have been 
performed with a fraction of P40 to assess its involvement in 
recurrent respiratory system (12,13) and genitourinary tract 
infections (14), allergies (15) and breast cancer (16,17). Specifi-
cally, it was observed in recurrent respiratory infection that 
P40 treatment induced a significant reduction in infection rate 
and the duration of antibiotic therapy required (12). Similarly, 
in recurrent urogenital infection, P40 treatment induced a 
reduction in infection rate (14), while in the treatment of aller-
gies, a Corynebacterium granulosum-derived P40-ovalbumin 
conjugate was demonstrated to significantly inhibit mast cell 
degranulation (15). It also proved to be capable of protecting 
against lethal systemic anaphylactic shock in sensitized 
mice (15).

Due to the established properties of P40, the present study 
investigated its potential immunomodulant effects when 
conjugated with hyaluronic acid (Ha) in a mouse model of 
dermatitis induced by oxazolone. P40 was conjugated with Ha 
as it is a not immunogenic compound and it has a molecular 
weight (MW) of 500 kDa, which prevents the systemic absorp-
tion of P40 and, therefore, its degradation. The selection of this 
MW was based on a previous study by Esser et al (18), which 
demonstrated that the size of Ha serves an important role in 
the immune-modulatory effect and, in particular, a high MW 
Ha (<1x106 kDa) is anti‑angiogenic, anti‑inflammatory and 
immunosuppressive. This allows the Ha-based cream to be 
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useful in the treatment of mild-to-moderate atopic dermatitis, 
in addition to preserve barrier function in the maintenance 
phase of dermatitis management (18).

Allergic contact dermatitis (ACD) is a T cell (Tc)-mediated 
delayed type hypersensitivity reaction, which mimics the 
processes occurring in human ACD and may be induced in 
mice by repeated epicutaneous application of oxazolone (19). 
Contact hypersensitivity (CHS) is an immunological response 
against a small chemical hapten that, during the sensitization 
phase, is absorbed and processed by dermal dendritic and 
Langerhans cells; these migrate to the draining lymph node 
where they present the antigen to naive Tc, leading to the 
formation of antigen-specific memory Tc (18). Subsequent 
contact with the same chemical results in the activation of 
memory Tc and the recruitment of inflammatory cells to the 
site of allergen exposure (19). In ACD, the adaptive immune 
response is elicited primarily through the activation and 
expansion of cytotoxic cluster of differentiation (CD)8+ Tc1 or 
CD4+ T helper (Th)1 cells and Tc17/Th17 cells in a multi-step 
process (19). In murine CHS the primary effector cells are 
cytotoxic Tc1 cells (18). This immune response is observed 
in the elicitation phase and manifests as skin inflammation, 
which is diagnosed as ACD (20) and the clinical symptoms 
include a local augmented thickness and weight increase of 
the skin area where the re-challenge has been applied. Due to 
an ease of application and measurement of responses, in addi-
tion to accessibility of sampling and draining lymph nodes the 
second challenge is typically applied onto one ear, while the 
contralateral is left unchallenged as a control (18,20).

Oxazolone-induced dermatitis is characterized by severe 
mononuclear cell recruitment with in situ production of type 1 
and type 2 cytokines. This characteristic inflammatory skin 
damage means that oxazolone-dermatitis is a useful in vivo 
tool for pathogenic studies to select potential therapeutics for 
the treatment of inflammatory responses associated with the 
skin, including those already identified for certain forms of 
bullous disorders, cutaneous vasculitis and psoriasis (21).

Therefore, the present study aimed to evaluate the effects 
of Ha-P40 conjugate cream, administered via a prophylactic 
regimen, on the progression of oxazolone-induced dermatitis 
in mice.

Materials and methods

Animals. A total of 38 female mice (6-7 weeks old, 22-25 g) 
were used (Harlan Laboratories, Udine, Italy). The animals 
were kept at the animal facility of the Department of 
Biomedical Sciences, Section of Pathology and Oncology 
(Catania, Italy), under standard laboratory conditions 
(non‑specific pathogen free) with ad libitum access to food 
and water. Animals were housed within a limited access 
rodent facility under controlled microbial conditions that 
excluded murine pathogens and were kept in groups of 
≤5 mice within polycarbonate cages (Tecniplast, Buguggiate, 
Italy), according to Italian legislation (each mouse had 180 cm2 
space with ≥12 cm height) (22). Automatically controlled 
environmental conditions were set to maintain a temperature 
of 20‑24˚C with a relative humidity of 30‑70%, 10‑30 air 
changes/h and a 12-h natural light/dark cycle. All mice were 
allowed to adapt to their environment for one week prior to 

the commencement of the study. All study protocols were 
approved by the local ethical committee OPBA (Organismo 
Preposto al Benessere degli Animali, Catania, Italy) and the 
Ministry of Health (Roma, Italy). The welfare of all animals 
was in accordance with the Directive 2010/63/UE approved 
by the Italian D.L. no. 26 on March 2014 (22).

Induction of oxazolone‑induced contact/atopic dermatitis. All 
36 mice were sensitized on days 0 and 1 by the application 
of 50 µl 2% oxazolone (Chimica; Merck KGaA, Darmstadt, 
Germany) in ethanol on the shaved back. The disease was 
elicited by re-challenge on day 7 with 10 ml 15% oxazolone 
in the inner and outer left ear. The right ear was treated with 
the vehicle (ethanol) alone. The mice were sacrificed by 
20% CO2 inhalation, using a flow rate of 1 l/min CO2, for a 
total of 10 min. Euthanasia was confirmed by checking for the 
absence of heartbeat. The right and left ears were excised 18 h 
following sensitization (23).

Scoring. Inflammation was expressed as the percentage 
increase in ear thickness and/or ear weight in the treated 
left ear vs. the vehicle-treated right ear. Ear thickness was 
measured with a digital caliper. Ear weight was measured 
using an electronic balance. The extent of inflammation was 
calculated as follows: Ear swelling (%) = (1-a/b) x 100, where 
a is thickness/weight of the right (untreated) ear and b is the 
thickness/weight of the left (treated) ear.

Treatment. Ha-P40 conjugate cream or base cream (Claride 
Pharma SA, Lugano, Switzerland), were administered by 
topical application of 10 µl to the inner and outer surface of 
the left ear. The base cream was composed of hyaluronic acid 
supplemented with aqua, cetearyl ethylhexanoate, cyclopenta-
siloxane, glycerin, steareth-2, cera alba, steareth-21, cetearyl 
alcohol, stearic acid, phenoxyethanol, potassium sorbate, 
tocopheryl acetate, Argania spinosa kernel oil, disodium 
EDTA, Prunus amygdalus dulcis oil, Rosa moschata seed oil, 
tocopherol and benzyl alcohol. The Ha-P40 conjugate cream 
was composed of base cream supplemented with 5% hyaluronic 
acid-P40 conjugate (Claride Pharma SA). Two groups of mice 
(n=9) were treated with Ha-P40 conjugate or base cream under 
a prophylactic regimen for 7 consecutive days beginning 1 h 
after the first sensitization. An additional group of mice (n=9) 
was treated with 0.5% dexamethasone ointment (Laboratory 
Farmacologico Milanese, Caronno Pertusella, Italy), as a posi-
tive control under the same experimental regimen. A group of 
mice with dermatitis, (n=9) was left untreated, as a negative 
control. Two additional healthy mice (without dermatitis) that 
did not receive treatment, were used to define baseline values 
of ear thickness and body weight (SHAM group).

Histological analysis. Following sacrifice, the right and left 
ears of each mouse were fixed in 10% (w/v) formalin and 
maintained at 4˚C for 1 week prior to histological examina-
tion. Samples were embedded in paraffin wax and cut into 
4-µm sections. The sections were mounted onto slides and 
stained with hematoxylin and eosin. Ear edema and leukocyte 
recruitment were determined at x40 and x400 magnification, 
respectively, using a light microscope. A score from 1 to 5 was 
assigned to each mouse according the progression of edema 
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and leukocyte number. The scoring system was as follows: 
1, No evident lesions; 2, edema in the papillary dermis and 
subcutis without leucocyte infiltration; 3, edema in the papil-
lary dermis and subcutis with mild leucocyte infiltration; 
4, edema in the papillary dermis and subcutis with moderate 
leucocyte infiltration; 5, edema in the papillary dermis and 
subcutis with severe leucocyte infiltration. An independent 
observer, blind to the drug treatments, provided the scores.

Statistical analysis. Results are presented as the mean 
percentage increase ± standard deviation of left ear thickness 
and weight relative to that of the right ear. A Student's t-test 
was used to determine statistical significance and P<0.05 was 
considered to represent a statistically significant difference. 
Sigma plot software version 12.0 (Systat software Inc, San 
Jose, CA, USA) was used to perform statistical analyses.

Results

Effects of Ha‑P40 conjugate cream on ear thickness and 
weight. The oxazolone-induced dermatitis was successful: 
The untreated mice (mice with dermatitis left untreated as 
negative control group, n=9) exhibited a significant increase 
in ear thickness and weight compared with sham healthy 
mice (mice without dermatitis so to have reference values for 
ear weight and thickness and body weight, n=2). Treatment 
with the positive control drug dexamethasone significantly 
reduced the weight and thickness of the left ear compared 
to the untreated mice (Figs. 1 and 2; P<0.01. In addition, 
daily treatment for 7 consecutive days with base cream alone 
was able to significantly reduce left ear thickness relative 
to untreated mice (Fig. 1; P<0.05). Treatment with Ha-P40 
conjugate cream enhanced the effects obtained with the 

Figure 1. Effects of Ha-P40 conjugate cream on the treated, left ear thickness vs. the untreated right ear. Mice were topically treated in the inner and outer 
surface of the left ear with the conjugate cream or base cream or 0.5% Dex ointment for 7 consecutive days starting 24 h after the initial sensitization. Mice 
were sacrificed by CO2 inhalation 18 h following sensitization and the right and left ears were excised and thickness measured using a digital caliper. Data 
are presented as the mean ± standard deviation. *P<0.05, **P<0.01 and ***P<0.0001 vs. untreated; ##P<0.01 vs. base cream. Ha-P40, Hyaluronic acid-P40; Dex, 
Dexamethasone; Sham, healthy mice without dermatitis that did not receive any treatment.

Figure 2. Effects of Ha-P40 conjugate cream on the treated, left ear weight vs. the untreated right ear. Mice were topically treated in the inner and outer 
surface of the left ear with the conjugate cream or base cream or 0.5% Dex ointment for 7 consecutive days starting 24 h after the initial sensitization. Mice 
were sacrificed by CO2 inhalation 18 h following sensitization and the right and left ears were excised and weighed. Data are presented as the mean ± standard 
deviation. **P<0.001 vs. untreated; #P<0.05 vs. base cream. Ha-P40, Hyaluronic acid-P40; Dex, dexamethasone; Sham, healthy mice without dermatitis that 
did not receive any treatment. 
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Figure 4. Effects of Ha-P40 conjugate cream on the histology. (A) Effects on histological score following treatment with Ha-P40 conjugate cream, as determined 
in the left ears of cluster of differentiat ion-1 mice. Score was determined by an experimenter blinded to treatment group. (B) Representative histological image 
stained with hematoxylin and eosin of ears from healthy mice prior to oxaxolone sensitization. Oxazolone-induced dermatitis in (C) untreated mice, (D) base 
cream‑treated mice, (E) Ha‑P40 conjugate‑treated mice and (F) Dex‑treated mice. Magnification, x400. Arrows indicate progression of edema and leukocyte 
presence. Data are presented as the mean ± standard deviation. *P<0.05 and **P<0.001 vs. untreated. Ha-P40, Hyaluronic acid-P40; Dex, dexamethasone.

Figure 3. Effects of Ha-P40 conjugate cream on body weight over 7 days of treatment. Mice were weighed on day 0 of sensitization and day 7 of elicitation. 
Weight was assessed by Student's t-test. Data are presented as the mean ± standard deviation. *P<0.05 vs. untreated. Ha-P40, Hyaluronic acid-P40; Dex, 
dexamethasone.
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base cream alone, demonstrating a significant reduction of 
ear thickness (P<0.01; Fig. 1) and weight (P<0.05; Fig. 2) 
compared with base cream.

Toxicity. Treatment with the Ha-P40 conjugate cream was well 
tolerated, judged by the appearance status and the regular body 
weight increase of the mice (Fig. 3). By contrast, a significant 
loss of body weight was observed in the group of mice treated 
for 7 days with dexamethasone compared with untreated mice 
(Fig. 3; P<0.05).

Histological analysis. The aforementioned anti‑inflammatory 
effects were confirmed by histological analysis of the ears. 
No significant differences were observed between untreated 
and base cream‑treated mice, while a significant reduction in 
histological score was observed in mice treated with HA-P40 
conjugated cream, relative to untreated mice (Fig. 4A; P<0.05). 
Fig. 4B shows a histological image of a healthy mouse without 
any signs of edema and leucocyte infiltration. Relative to 
untreated (Fig. 4C) and base cream-treated (Fig. 4D) mice, a 
marked reductions in edema and leukocyte recruitment were 
observed in the ears of mice treated with Ha-P40 conjugate 
(Fig. 4E) and dexamethasone (Fig. 4F) cream.

Discussion

The humoral defense system of the human body represents the 
first barrier to external damaging agents including microbial and 
environmental effects (24). This defense principally constitutes 
the skin, which acts as a physical barrier (24). When this barrier 
is crossed, the immune cells intervene on subcutaneous-submu-
cosal level, such as in cases of particularly virulent bacterial or 
viral infections or in the presence of a skin lesion (24). These 
cells are primarily macrophages and Epidermal Langerhans 
Cells, as well as secreted blood factors, including cytokines, 
complement proteins and interferons (24). The function of the 
immune cells is to phagocytose and remove pathogens, including 
bacteria, fungi or viruses (24). This response is mostly enough 
to eliminate the pathogen but, if the pathogen is particularly 
virulent, the specific adaptive immunity is activated (24).

However, if the immune system is compromised, due to 
the prolonged use of antibiotic treatments, tumors or if the 
pathogenic agent is particularly virulent, the macrophages are 
not able to respond to pathogenic threats and inflammatory 
conditions are established (24).

Under normal conditions, macrophages cannot perform 
appropriately when the invading agent constitutes a large 
population of microorganisms, or upon invasion by an inter-
cellular-developing microorganism, including a bacterium 
(Listeria monocytogenes), a fungus (Candida albicans), or 
a virus, such as the herpes virus, which have an additional 
immunosuppressive action (24,25).

The immune response is regulated to prevent triggering an 
inflammatory response, particularly in the barrier tissues such 
as the skin and mucous membranes of the digestive, respira-
tory and urinary tracts (24).

On these surfaces, any loss of the delicate physiological 
balance between the microbiota and the host cells is the basis 
for a heterogeneous range of mucosal pathologies, such as 
infective, inflammatory, allergic and vascular disorders in 

which different pathogenic mechanisms are involved (24). 
Epidermal macrophages include Langerhans cells, dendritic 
cells and keratinocytes, which not only present the antigens to 
the cells of humoral and cell-mediated responses, but are also 
capable of releasing cytokines to attract lymphocytes towards 
the site of infection and maintain an inflammatory defense 
reaction (24).

On the basis of previous data, an effective therapeutic 
approach for immuno‑inflammatory dermatitis should aim 
to address the altered immune response rather than exert 
non-specific immunosuppressive effects, which, although 
effective in the short term, may hinder attempts to achieve 
physiological homeostasis (26,27).

The use of an immunomodulatory compound, such as 
Ha-P40 conjugate cream, in skin lesions (for instance, derma-
titis) may be able to restore the homeostasis of the dermal 
immune response. Furthermore, the conjugation of P40 with 
Ha avoids systemic absorption, thus satisfying the requirement 
for immune stimulation preparations which, when applied to 
the skin, are capable of activating a local antibody response 
and causing infection and inflammation.

In the present study, it was demonstrated that prophylactic 
treatment with Ha-P40 conjugate cream was able to reduce the 
signs of inflammation in dermatitis induced by oxazolone. In 
addition, application of the conjugate cream for seven consecu-
tive days exhibited no local toxic effects. Notably, reduction 
of ear thickness was similar to that obtained with the positive 
control drug dexamethasone. Furthermore, conjugation of 
P40 and Ha appeared to supplement the anti‑inflammatory 
effects observed for base cream containing Ha alone. These 
clinical features were confirmed by histological analysis of the 
ears, whereby significant reductions in edema and leukocyte 
infiltration in mice treated with Ha/P40 conjugate cream were 
observed, relative to untreated mice.

In conclusion, the present results demonstrate that Ha-P40 
conjugate cream significantly reduces ear inflammation 
induced by oxazolone in a murine model of dermatitis, though 
the underlying mechanisms regarding the effects of Ha-P40 
conjugate cream remain unknown. The described effects indi-
cate that the use of this cream may potentially aid to alleviate 
the symptoms of and/or treat irritant contact dermatitis, trig-
gered by soaps, solvents, chemicals and cosmetics on the skin, 
or allergic contact dermatitis primarily triggered by metals 
such as nickel, perfumes, cosmetics, hair dyes and plants, 
including poison ivy. Further studies are now warranted to 
elucidate the immunomodulatory mechanisms and full appli-
cations of Ha-P40 conjugate cream.
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