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Abstract: Psoriasis has a multifactorial pathogenesis and recently it was shown that alterations
in the skin and intestinal microbiome are involved in the pathogenesis of psoriasis. Therefore,
microbiome restoration becomes a promising preventive/therapy strategy in psoriasis. In our
pre-clinical study design using a mice model of induced psoriatic dermatitis (Ps) we have tested
the proof-of-concept that IgY raised against pathological human bacteria resistant to antibiotics
can alleviate psoriatic lesions and restore deregulated immune cell parameters. Besides clinical
evaluation of the mice and histology of the developed psoriatic lesions, cellular immune parameters
were monitored. Immune cells populations/subpopulations from peripheral blood and spleen
cell suspensions that follow the clinical improvement were assessed using flow cytometry. We
have quantified T lymphocytes (CD3ε+) with T-helper (CD4+CD8−) and T-suppressor/cytotoxic
(CD8a+CD4−) subsets, B lymphocytes (CD3ε−CD19+) and NK cells (CD3ε−NK1.1+). Improved
clinical evolution of the induced Ps along with the restoration of immune cells parameters were
obtained when orally IgY was administered. We pin-point that IgY specific compound can be used
as a possible pre-biotic-like alternative adjuvant in psoriasis.
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1. Introduction

Psoriasis (Ps) is a complex and heterogeneous disease that affects not only the skin
of the patients but echoes also on several other organs [1]. Recognized as a chronic
autoimmune inflammatory disease, mediated mainly by T cells, Ps has important systemic
manifestation [2], being frequently associated with psychological, metabolic, arthritic and
cardiovascular comorbidities. Ps associated pathologies can lead to increased mortality
and alters the clinical management of the patients. Ps affects 0.5–1% of children and in the
world’s population the prevalence raises around 2–3%. Prevalence of Ps varies depending
on age, sex, geography, ethnicity, genetic and environmental factors [3]. Although it can
occur at any age, the most common cases are reported before the age of 35, an age range
that affects highly active individuals [4].

The causes of Ps have not yet been fully elucidated. Besides genetic predisposition
and environmental factors, an inefficient immune system is highly involved in Ps onset.
Among the triggers or aggravating factors of Ps we can mention air pollutants and exposure
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to sunlight, prolonged exposure to UV radiation [5], administration of certain drugs (β-
blockers, lithium) [6], smoking [7], obesity [8] and alcohol consumption [9]. Streptococcal
infections, involved in both acute and chronic forms of the disease [10] and mental stress
are also factors that have with critical roles in the initiation, development and exacerbation
of Ps [11].

The assessment of Ps severity is mainly based on clinical indicators [12], but the golden
standard remains the PASI score (Psoriasis Area Severity Index) [13], which combines the
severity (erythema, scaling, induration) and the percentage of affected area.

19In Ps pathogenesis are involved both innate (NK cells, macrophages, dendritic cells)
and adaptive immune cells (T lymphocytes), as well as non-immune cells (keratinocytes),
their interactions being mediated by pro-inflammatory cytokines/chemokines that main-
tain the chronic inflammatory state [14,15]. Among the biological therapies currently
available, TNF-α inhibitors [16–18], IL-23 inhibitors [19–22], IL-17 inhibitors [23–25] are
the ones that entered the standard care of Ps. New treatments that address immune path-
ways and are currently undergoing clinical trials include RORγt inhibitors [26], IL-36
Receptor antagonist [27], Janus Kinase (JAK) inhibitors [28], TYK2/JAK1 inhibitor [29],
Rho-Associated Kinase (ROCK2) inhibitor [30], Sphingosine-1-Phosphate (S1P) agonist [31]
and aryl hydrocarbon receptor (AhR) agonists [32]. All current therapies display adverse
effects, such as nasopharyngitis, upper respiratory tract infections, fatigue, headache and
even tuberculosis, therefore adjuvant therapies that can aid the standard ones are searched.

Immunoglobulin Y (IgY) has important characteristics like high tolerability, being
essentially a component of the human diet. Hence, it can be used even in subjects that are
allergic to egg components because the purified IgY does not contain allergenic ovalbu-
min [33]. Since IgY cannot link to the Fc receptors or to the complement system expressed
by the mammalian cells, administering IgY does not trigger adverse effects [34,35]. A
report published more than 20 years ago has shown in animal models that purified IgY
does not trigger an IgE response, therefore no allergic reaction [36]. Moreover, the systemic
administration of IgY has shown that this Ig can have anti-viral and/or anti-bacterial
potency [37]. IgY can neutralize bacteria and viruses, hindering their replication [38,39]
therefore passive immunization can be used in humans because it will rapidly give a posi-
tive clinical response. In the last decade, IgY has gained an increased scientific attention
due to its specific characteristic and biological potency [40].

In Ps, association of bacterial strains residing in the digestive tract of patients was
reported, staring from the incidence of H. pylori [41], of Candida albicans [42] and ending
with the major gut dysbiosis registered in these patients, dysbiosis that can influence the
skin microbiota favoring thus flare-up of the psoriatic events [43].

Our previously published work has shown that in psoriatic dermatitis murine models,
although involving just a psoriatic-like skin lesion, significant alterations of lymphocytes
percentages and important changes in NK cell phenotype, in both peripheral blood and
spleen were found [43,44]. Considering all the accumulated data, we have initiated in
the current study a Ps experimental model in which an adjuvant therapy using oral IgY
developed against several pathogenic bacteria to evaluate the potency to alleviate the
psoriatic lesions and to restore the immune-related mechanisms. Imiquimod murine model
(IMQ-1-isobutyl-1H-imidazo[4,5-c]quinolin-4-amine) was used to develop the experimental
psoriatic dermatitis and further evaluate if the orally given IgY treatment would clinically
improve the experimental Ps and would restore the cellular immune parameters.

2. Materials and Methods
2.1. Immunoglobulin Y

IgY was isolated from the yolk of hyperimmune eggs laid by chickens immunized
with human pathogenic bacteria that are antibiotic-resistant, namely groups of pathogens
with a high rate of antibiotic resistance responsible for the majority of nosocomial infections.
IgY was obtained according to the methodology described in the patent [45]. The obtained
IgY is an original product of the ROMVAC Company and is part of the IMUNOINSTANT
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brand having a European trademark (EUIPO). IgY that was used is a mix of antibodies
raised against the following antibiotic-resistant strains Salmonella spp (enteritidis, ty-
phimurium), Streptococcus pneumoniae, Clostridium difficile, Staphylococcus aureus,
Pseudomonas aeruginosa, Enterococcus faecalis, Klebsiella pneumoniae, Acinetobacter
baumannii, Escherichia coli [46].

2.2. Animal Model

C57 BL/6 mice (Jackson Laboratory, Bar Harbor, ME), males and females, aged
10–11 weeks, were provided by the Animal Husbandry from Victor Babes, National Institute
of Pathology. The animals were kept in an open cage system, in optimal conditions (tem-
perature 22 ± 2 ◦C, humidity 55 ± 10%, artificial ventilation, 12/12-light/dark cycle) and
fed (standard granulated fodder) and watered (filtered and sterilized water) ad libitum. The
mice were monitored daily. The experiments were conducted in accordance with recognized
principles of laboratory animal care in the framework of EU Directive 2010/63/EU [45] and
the study was comprised in a research project that was approved by the Ethics Commit-
tee from Victor Babes, Institute (Approval no 88/20 January 2021) and National Sanitary
Veterinary and Food Safety Authority (Approval no 598/8 February 2021).

The experimental murine model of psoriatic dermatitis was performed according to
the protocols previously described [43,44,47].

Four groups of C57 BL/6 mice, were constituted as follows:

- Ps group (8 mice-1:1 sex ratio, with a mean weight 20.4 ± 2.9 g) received a daily
topical dose of 62.5 mg IMQ-based cream (5% Aldara Cream, Meda AB Sweden) on
the shaved back region, for 6 consecutive days. The daily dose contains 3.125 mg
of active compound. The mice that were designed for clinical and immunological
evaluation were sacrificed on day 7 of the experiment;

- IgY-treated Ps group (12 mice-1:1 sex ratio, with a mean weight 21.33 ± 2.14 g) with
induced psoriatic dermatitis as described above, received (starting with day 7) a
gavage dose of 37.5 µg IgY, for 5 consecutive days; the dose matches the dose of IgY
given to a human adult (g/kg) according to a study case [48]. Mice were sacrificed on
day 20, the day on which it was macroscopically assessed that experimental psoriatic
dermatitis was remitted;

- Naturally remitted Ps group (8 mice—1:1 sex ratio, with a mean weight 17.87 ± 0.81 g)
with induced psoriatic dermatitis were allowed to heal naturally and were sacrificed
on day 22—the day on which the natural remission was assessed macroscopically;

- Control group (8 mice—1:1 sex ratio, with a mean weight 20.26 ± 1.36 g). Healthy
mice with no treatment housed and fed in the same room with all the presented
experimental groups and subjected to the same manipulation as the IgY-treated group
but with sham gavage.

2.3. Scoring Severity of IMQ-Induced Skin Inflammation and Healing Assesment

The severity of IMQ-induced skin inflammation and the progress of the disease, were
daily evaluated using three in vivo parameters-erythema, thickening and skin scaling.
These parameters were scored daily on a 0–4 scale such as 0—no change, 1—mild change,
2—marked change; 3—significant change, 4—severe change. By summing erythema,
thickening and skin scaling daily scores, a modified PASI score was calculated (0–12 scale).

The body weight of the animals was monitored during the experiments (Scientech
SL 3100D, Boulder, CO, USA). For the mice from IgY-treated Ps group the body weight was
recorded at the beginning of the experiment (day 1), day 7 (beginning of IgY treatment),
at the end of IgY treatment (day 12) and before being humanely euthanized—day 20—
when it was macroscopically appreciated that the induced psoriasis disappeared. The
mice from naturally remitted Ps group were allowed to heal naturally and weighed at
the beginning of the experiment (day 1), after IMQ-based cream application (day 7) and
before euthanization—day 22—when it was macroscopically appreciated that the effects
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produced by IMQ-based cream disappeared. The mice from Ps group were weighed at the
beginning of the experiment (day 1) and before sacrifice (day 7).

2.4. Sampling of Biological Material and Processing of Samples

At the end of experiments, the animals were anesthetized with ketamine/acepromazine/
xylazine cocktail (ketamine 80 mg/kg, Richterpharma ag, Wells, Austria; acepromazine
6 mg/kg, Vetoquinol SA, Lure, France; xylazine 1 mg/kg, Bioveta SA, Czech Republic) for
blood, spleen and skin sample collection. Peripheral blood was collected by intra-cardiac
puncture in K2-EDTA coated tubes (SARSTEDT AG & CO. KG, Nümbrecht, Germany).
Spleens were weighed (Balance AEP-1500A, Adam Equipment Co., Ltd., Kingston, UK) for
splenomegaly evaluation and processed in order to isolate the spleen cells. The spleens
were collected in 5% FBS RPMI 1640 media (Biochrom AG GmbH, Berlin, Germany),
passed through a 70 µm cell strainer (BD Falcon -BD Biosciences, San Jose, CA, USA), cells
centrifuged for 5 min at 350× g (20 ◦C) and resuspended in RBC Lysis Buffer (BioLegend,
San Diego, CA, USA). After 5 min on ice, 10 mL Cell Staining Buffer (BioLegend, San
Diego, CA, USA) was added in order to stop the lysis and centrifuged for 5 min at 350× g
(20 ◦C). The pellet was resuspended twice in Cell Staining Buffer, for a final concentration
of 1 × 106 cells/mL. Skin samples were collected and processed (fixed in 10% buffered for-
malin, embedded in paraffin, sectioned in 5 µm sections) for hematoxylin and eosin (H&E)
staining, prior to histopathological evaluation (Olympus BX43 with CellSens Dimension
Program, Tokyo, Japan).

2.5. Flow Cytometry Analysis

Lymphocyte immunophenotyping performed from peripheral blood and spleen cell
suspension were done for all experimental groups by flow cytometry, using a BD FAC-
SCanto II cytometer (BD Biosciences, San Jose, CA, USA). We have quantified T lympho-
cytes (CD3ε+), with T helper (CD4+CD8−) and T suppressor/cytotoxic (CD8a+CD4−)
subsets, B lymphocytes (CD3ε−CD19+), NK cells (CD3ε−NK1.1+), and the expression
levels of several maturation markers (CD49b, CD27, CD11b, CD43, KLRG1) and activation
(CD69, CD28, CD11c, NKp46) markers on NK cells were assessed.

Both types of samples (peripheral blood and spleen cell suspension) were incubated
with TruStain fcX (anti-mouse CD16/32, isotype Rat IgG2a, λ) Antibody (BioLegend, San
Diego, CA, USA) for 7 min on ice and stained in the dark for 20 min at room temperature
with the following monoclonal antibodies conjugated with fluorochromes: 0.5 µL Alexa
Fluor 647 anti-mouse CD3ε (clone 145-2C11, isotype Armenian Hamster IgG); 0.5 µL Alexa
Fluor 488 anti-mouse CD8a (clone 53–6.7, isotype Rat IgG2a, κ); 1.25 µL PE-Cy7 anti-mouse
CD4 (clone GK1.5, isotype Rat IgG2b, κ); 1,25 µL PerCP-Cy5.5 anti-mouse CD19 (clone
6D5, isotype Rat IgG2a, κ); 1,25 µL PE anti-mouse NK1.1 (clone PK136, isotype Mouse
IgG2a, κ); 0.5 µL FITC anti-mouse CD3ε (clone 145-2C11, isotype Armenian Hamster IgG);
2.5 µL Brilliant Violet 510 anti-mouse NK1.1 (clone PK136, isotype Mouse IgG2a, κ); 0.6 µL
PerCP/Cy5.5 anti-mouse/rat/human CD27 (clone LG.3A10, isotype Armenian Hamster
IgG); 0.6 µL APC/Cy7 anti-mouse CD43 (clone RA3-6B2, isotype Rat IgG2a, κ); 1.25 µL PE
anti-mouse CD28 (clone 37.51, isotype Syrian Hamster IgG); 2.5 µL PE/Cy7 anti-mouse
CD69 (clone H1.2F3, isotype Armenian Hamster IgG); 2.5 µL PE/Cy7 anti-mouse CD335
(NKp46) (clone 29A1.4, isotype Rat IgG2a, κ); 2.5 µL PerCP/Cy5.5 anti-mouse CD11c (clone
N418, isotype Armenian Hamster IgG) (all from BioLegend, San Diego, CA, USA); 2.5 µL
eFluor 450 anti-mouse CD49b (clone DX5, isotype Rat IgM, κ); 0.3 µL APC anti-mouse
CD11b (clone M1/70, isotype Rat IgG2b, κ); 0.6 µL PE anti-mouse KLRG1 (clone 2F1,
isotype Syrian Hamster IgG) (all from eBioscience Inc, San Diego, CA, USA). Red blood
cells lysis was performed with BD FACS Lysing Solution (BD Biosciences, San Jose, CA,
USA) for 10 min in the dark at room temperature, followed by centrifugation for 5 min
at 350× g and two washing steps with Cell Staining Buffer. Flow cytometry analysis
was preceded by daily check-up of cytometer performances (BD Cytometer Setup and
Tracking Beads Kit, BD Biosciences, San Jose, CA, USA) and compensation of spectral
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overlaps (UltraComp eBeads, Invitrogen by Thermo Fischer Scientific, San Diego, CA,
USA). Unlabeled cells were used as negative control. Data were acquired and analyzed
using BD FACSDiva v 6.1 software (BD Biosciences, San Jose, CA, USA).

2.6. Statistical Analysis

The results were expressed as mean values ± SD, and Microsoft Excel (Microsoft,
Redmond, CA, USA) was used for data analysis. Student’s t-test (two-tailed, assuming
equal variance) was used to compare the experimental groups, and a p-value less than
0.05 was considered statistically significant. T-CD4+ and T-CD8a+ were expressed as
percentages of CD3ε+ lymphocytes (mean values ± SD), B and NK cells as percentages of
CD3ε− lymphocytes (mean values ± SD), and the expressions of maturation and activation
markers on NK cells, as percentages of NK1.1+ cells gated from CD3ε− lymphocytes (mean
values ± SD).

3. Results
3.1. IMQ-Based Experimental Murine Model of Psoriatic Dermatitis

The experimental model of psoriatic dermatitis was performed to evaluate the effect of
the IgY treatment on Ps-specific skin and systemic lesions. The murine model of psoriatic
dermatitis previously described [43,44,47], used IMQ-based cream applied on the back
skin area for 6 consecutive days in order to induce an extensive psoriatic-like reaction.
Animals were monitored daily, and the severity of skin inflammation induced by applying
IMQ-based cream was assessed based on daily scores of erythema, thickening and skin
scaling, PASI score, splenomegaly evaluation and histopathological assessment. Erythema,
thickening and scaling of the back skin were daily scored on a 0–4 scale (0—no change,
1—mild change, 2—marked change; 3—significant change, 4—severe change) and the
evolution of these scores is shown in Figure 1a. Table S1 presents the individual PASI
scores for all the animals within the groups.

Starting with day 2, signs of inflammation were visible and increased in intensity until
the end of the application. The skin on the back region of the mice began to show signs of
erythema, thickening, and scaling that became visible from day 3 of the experiment. As a
measure of the disease severity, a modified PASI score (0–12 scale) was calculated daily, by
summing erythema, thickening and skin scaling daily scores. The PASI cumulative score
had a progressive evolution, reaching high values at the end of the applications (Figure 1b).
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Skin inflammation induced by IMQ-based cream was histopathologically assessed.
Skin samples harvested from all groups were collected at the end of experiment, fixed
in 10% buffered formaldehyde and incorporated into paraffin; the paraffin blocks were
sectioned (5 µm thick sections), stained with hematoxylin-eosin and examined by pathol-
ogist. Histopathological evaluation revealed hyperkeratosis, parakeratosis, acanthosis
and elongation of the red ridges, histopathological features typical for human psoriatic
lesions (Figure 1d). None of these features were observed in healthy mice (control group)
(Figure 1c). Individual data for the assessment of all histological parameters and individual
mice are presented in Table S2 (Supplementary Material).

3.2. IgY Treatment-Induced Changes in Experimental Murine Model of Psoriatic Dermatitis

For naturally remitted Ps group, the mice were allowed to heal naturally and erythema,
thickening and skin scaling were daily observed in order to appreciate the day when the
effects produced by applying of IMQ-based cream disappeared. The mice were weighed
at the beginning of the experiment (day 1), after IMQ-based cream treatment (day 7) and
before sacrifice—day 22—when the natural remission of the IMQ-skin effects was noticed.

For IgY-treated Ps group, mice received a dose of IgY by gavage for 5 consecutive
days, The evolution of the three in vivo parameters (erythema, thickening and skin scaling)
was monitored and we established that the skin healing took place in day 20, 2 days earlier
than naturally remitted Ps group. The body weight was recorded at the beginning of the
experiment (day 1), day 7 (beginning of IgY treatment), at the end of IgY treatment (day 12)
and before sacrifice—day 20—when it was macroscopically appreciated that the IMQ-skin
effects disappeared.

Body weight (Figure 2a,b) revealed a decrease after the IMQ topical application (day 7)
for both IgY-treated Ps group and naturally remitted Ps group. For the IgY-treated Ps group
(Figure 2a) the values decrease until the end of the IgY treatment and at the end of the
experiment, for both experimental groups, weight increases were recorded.
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Figure 2. Evolution of the body weight (a) Evolution of the body weight for IgY-treated Ps group
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In order to assess the involvement of the triggered Ps on the secondary immune
organs, splenomegaly evaluation was performed. Spleens were weighed separately and
the ratio between spleen weight (SW) and body weight (BW) was calculated. Spleen weight
was significantly higher in Ps group (0.22 ± 0.02, p = 2.19 × 10−9) as compared to controls
(0.08 ± 0.01) (Figure 3e). The measurements also showed that in IMQ-mice, SW/BW
ratio is almost 3 times higher than in healthy mice (0.011 ± 0.001 versus 0.0039 ± 0.0002,
p = 2.21 × 10−8) (Figure 3f).

The SW/BW parameter was evaluated also for IgY-treated group. As mentioned
above, a marked splenomegaly was noticed in IMQ-based experimental model of psoriatic
dermatitis, namely spleen weights and SW/BW were about three times higher for Ps group
as compared to control group. In the IgY-treated group there is a clear reduction of the
splenomegaly. Figure 3a–d presents the macroscopic images of spleens and Figure 3e
shows the mean values of spleen weights for all experimental groups.

As a measure of splenomegaly, SW/BW ratio was calculated for all groups and IgY-
treated Ps group and naturally remitted Ps group were compared to control and Ps groups
(Figure 3f).
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Figure 3. Representative images for the assessment of splenomegaly reduction. Spleens harvested from (a) mouse from
IgY – treated Ps group; (b) mouse naturally remitted Ps group; (c) mouse from control group; (d) mouse from Ps group;
(e) The weight of the spleens for IgY – treated Ps group (n = 12) (0.09 ± 0.02) as compared to naturally remitted Ps group
(n = 8) (0.08 ± 0.01), control group (n = 8) (0,08 ± 0.01) and Ps group (n = 8) (0.22 ± 0.02); (f) SW/BW ratio for IgY-treated Ps
group (n = 12) (0.0040 ± 0.0009) as compared to naturally remitted Ps group (n = 8) (0.0044 ± 0.0003), control group (n = 8)
(0.0040 ± 0.0009) and Ps group (n = 8) (0.011 ± 0.001). The results are presented as mean ± SD; n = number of mice).

At the end of the experiment, values for both spleen weight and SW/BW ratio after
IgY treatment were identical or statistically equivalent to the values recorded for the control
group Additionally, there are no statistically significant differences between IgY-treated
Ps group and naturally remitted Ps group, for both spleen weight and SW/BW ratio.
Thus, the splenomegaly observed after the induction of Ps (respectively, after applying the
IMQ-based cream for 6 consecutive days) was completely remitted.

3.3. IgY Treatment-Induced Changes in Lymphocyte Distribution in Peripheral Blood and Spleen
Cell Suspensions in Experimental Murine Model of Psoriatic Dermatitis

To evaluate the immune cells populations/subpopulations that follow the clinical
improvement of the induced psoriasis lymphocyte immunophenotyping was performed
by flow cytometry from both peripheral blood and spleen cell suspensions. For all exper-
imental groups we quantified T lymphocytes (CD3ε+), with T-helper (CD4+CD8−) and
T-suppressor/cytotoxic (CD8a+CD4−) subsets, B lymphocytes (CD3ε−CD19+) and NK
cells (CD3ε−NK1.1+).

Therefore, a statistically significant lower percentages of T-CD4+ (p = 0.007) and
signifi-cantly increased of T-CD8a+ lymphocytes (p = 0.007 vs) were obtained (Figure 4a).
As a consequence of the changes observed in T subsets distribution, the T-CD4+/T-CD8+
ratio was decreased in Ps group as compared to control group (p = 0.003) (Figure 5a). Also,
a decreased percentage of B lymphocytes (p = 1.1 × 10−6) and a significantly increased of
NK1.1+ cells percentages (p = 0.0001) were registered (Figure 6a).

The main changes observed in spleen cell suspensions were statistically significant in
Ps group, namely lower percentages of T-CD4+ (p = 0.02) and B lymphocytes (p = 4 × 10−7),
(Figures 4b and 6b). T-CD4+/T-CD8+ ratio is decreased in Ps mice as compared to control
group but not statistically significant (Figure 5b).



J. Pers. Med. 2021, 11, 841 9 of 21J. Pers. Med. 2021, 11, 841 9 of 20 
 

 

  
(a) (b) 

Figure 4. Distribution of T-CD4+ and T-CD8a+ lymphocytes in peripheral blood and spleen cell suspension. (a) Peripheral 
blood-distribution of T-CD4+ and T-CD8a+ lymphocytes for IgY-treated Ps group (n = 12) (53 ± 3.6 and 42 ± 3.3) as compared 
to naturally remitted Ps group (n = 8) (53 ± 3 and 39 ± 2.4), control group (n = 8) (53 ± 4.7 and 41 ± 1.8) and Ps group (n = 8) 
(47 ± 1.5 and 46 ± 2.8); (b) Spleen cell suspension-distribution of T-CD4+ and T-CD8a+ lymphocytes for IgY-treated Ps group 
(n = 12) (48 ± 2.2 and 41 ± 2.3) as compared to naturally remitted Ps group (n = 8) (52 ± 1.5 and 39 ± 1.8), control group (n = 
8) (56 ± 4.3 and 38 ± 6.1) and Ps group (n = 8) (46 ± 8.1 and 40 ± 1.9). The results (% of CD3ε+ lymphocytes) are presented 
as mean ± SD; n = number of mice). 

Analysis of T-CD4+ and T-CD8a+ lymphocyte subsets in peripheral blood revealed 
normalization of mean percentage values of these parameters for both IgY-treated Ps 
group and naturally remitted Ps group (Figure 4a). There were statistically significant dif-
ferences between the values of T-CD4+ and T-CD8a+ subsets for Ps group and IgY-treated 
Ps group (p = 0.002 for T-CD4+ and p = 0.04 for T-CD8a+), and naturally remitted Ps group 
(p = 0.002 for T-CD4+ and p = 0.006 for T-CD8a+), respectively, comparable to the differ-
ences observed between Ps group and controls for the investigated parameters. No statis-
tically significant differences were observed between IgY-treated Ps group and naturally 
remitted Ps group for these T-subsets. Furthermore, no statistically significant differences 
were observed between IgY-treated Ps group and control group for T-CD4+ and T-CD8a+ 
subsets (p > 0.05), thus statistically underlining the normalization of these values after IgY 
treatment. 

Data obtained for T-CD4+ and T-CD8a+ subpopulations in spleen cell suspensions re-
vealed a tendency to normalization for both IgY-treated Ps group and naturally remitted 
Ps group (Figure 4b). For T-CD8a+ lymphocytes, no statistically significant differences 
were observed between the IgY-treated Ps group and control group. Although the values 
of T-CD4+ subset obtained for IgY-treated Ps group were significantly lower than control 
(p = 0.006), no statistically significant differences were observed between the IgY-treated 
Ps group and naturally remitted Ps group for T-CD4+ and T-CD8a+ subsets. 

Figure 4. Distribution of T-CD4+ and T-CD8a+ lymphocytes in peripheral blood and spleen cell suspension. (a) Peripheral
blood-distribution of T-CD4+ and T-CD8a+ lymphocytes for IgY-treated Ps group (n = 12) (53 ± 3.6 and 42 ± 3.3) as
compared to naturally remitted Ps group (n = 8) (53 ± 3 and 39 ± 2.4), control group (n = 8) (53 ± 4.7 and 41 ± 1.8) and
Ps group (n = 8) (47 ± 1.5 and 46 ± 2.8); (b) Spleen cell suspension-distribution of T-CD4+ and T-CD8a+ lymphocytes for
IgY-treated Ps group (n = 12) (48 ± 2.2 and 41 ± 2.3) as compared to naturally remitted Ps group (n = 8) (52 ± 1.5 and
39 ± 1.8), control group (n = 8) (56 ± 4.3 and 38 ± 6.1) and Ps group (n = 8) (46 ± 8.1 and 40 ± 1.9). The results (% of CD3ε+

lymphocytes) are presented as mean ± SD; n = number of mice).

J. Pers. Med. 2021, 11, 841 10 of 20 
 

 

  
(a) (b) 

Figure 5. Distribution of T-CD4+/T-CD8a+ ratio in peripheral blood and spleen cell suspension. (a) Peripheral blood-distri-
bution of T-CD4+/T-CD8a+ ratio for IgY-treated Ps group (n = 12) (1.25 ± 0.2) as compared to naturally remitted Ps group 
(n = 8) (1.37 ± 0.1), control group (n = 8) (1.29 ± 0.2) and Ps group (n = 8) (1.04 ± 0.1); (b) Spleen cell suspension–distribution 
of T-CD4+/T-CD8a+ ratio for IgY-treated Ps group (n = 12) (1.17 ± 0.1) as compared to naturally remitted Ps group (n = 8) 
(1.35 ± 0.1), control group (n = 8) (1.52 ± 0.4) and Ps group (n = 8) (1.15 ± 0.2). The results are presented as mean ± SD; n = 
number of mice). 

Analysis of the T-CD4+/T-CD8a+ ratio in the peripheral blood revealed the normali-
zation of the mean values for both IgY-treated Ps group and naturally remitted Ps group 
(Figure 5a). There were statistically significant differences between Ps group and naturally 
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distribution of B - CD19+ and NK1.1+ cells for IgY-treated Ps group (n = 12) (83 ± 3.2 and 4 ± 0.7) as compared to naturally 
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Figure 5. Distribution of T-CD4+/T-CD8a+ ratio in peripheral blood and spleen cell suspension. (a) Peripheral blood-
distribution of T-CD4+/T-CD8a+ ratio for IgY-treated Ps group (n = 12) (1.25 ± 0.2) as compared to naturally remitted Ps
group (n = 8) (1.37 ± 0.1), control group (n = 8) (1.29 ± 0.2) and Ps group (n = 8) (1.04 ± 0.1); (b) Spleen cell suspension–
distribution of T-CD4+/T-CD8a+ ratio for IgY-treated Ps group (n = 12) (1.17 ± 0.1) as compared to naturally remitted Ps
group (n = 8) (1.35 ± 0.1), control group (n = 8) (1.52 ± 0.4) and Ps group (n = 8) (1.15 ± 0.2). The results are presented as
mean ± SD; n = number of mice).
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distribution of B-CD19+ and NK1.1+ cells for IgY-treated Ps group (n = 12) (83 ± 3.2 and 4 ± 0.7) as compared to naturally
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Analysis of T-CD4+ and T-CD8a+ lymphocyte subsets in peripheral blood revealed
normalization of mean percentage values of these parameters for both IgY-treated Ps group
and naturally remitted Ps group (Figure 4a). There were statistically significant differences
between the values of T-CD4+ and T-CD8a+ subsets for Ps group and IgY-treated Ps group
(p = 0.002 for T-CD4+ and p = 0.04 for T-CD8a+), and naturally remitted Ps group (p = 0.002
for T-CD4+ and p = 0.006 for T-CD8a+), respectively, comparable to the differences observed
between Ps group and controls for the investigated parameters. No statistically significant
differences were observed between IgY-treated Ps group and naturally remitted Ps group
for these T-subsets. Furthermore, no statistically significant differences were observed
between IgY-treated Ps group and control group for T-CD4+ and T-CD8a+ subsets (p > 0.05),
thus statistically underlining the normalization of these values after IgY treatment.

Data obtained for T-CD4+ and T-CD8a+ subpopulations in spleen cell suspensions
revealed a tendency to normalization for both IgY-treated Ps group and naturally remitted
Ps group (Figure 4b). For T-CD8a+ lymphocytes, no statistically significant differences
were observed between the IgY-treated Ps group and control group. Although the values
of T-CD4+ subset obtained for IgY-treated Ps group were significantly lower than control
(p = 0.006), no statistically significant differences were observed between the IgY-treated Ps
group and naturally remitted Ps group for T-CD4+ and T-CD8a+ subsets.

Analysis of the T-CD4+/T-CD8a+ ratio in the peripheral blood revealed the normal-
ization of the mean values for both IgY-treated Ps group and naturally remitted Ps group
(Figure 5a). There were statistically significant differences between Ps group and naturally
remitted Ps groups (p = 0.0003), respectively IgY-treated Ps group (p = 0.01), and no statisti-
cally significant differences between control group and IgY-treated Ps group, respectively
naturally remitted Ps group. The value of the T-CD4+/T-CD8a+ ratio for IgY-treated group
was almost identical to control group (1.25 vs. 1.29).

A tendency of normalization of T-CD4+/T-CD8a+ ratio values was also noticed in
spleen cell suspensions for both experimental groups. Although the values obtained for IgY-
treated Ps group were significantly lower than control (p = 0.04), no statistically significant
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differences were observed between the IgY-treated Ps group and naturally remitted Ps
group for T-CD4+/T-CD8a+ ratio.

Analysis of B-CD19+ and NK1.1+ cells in peripheral blood revealed normalization of
these parameters for both IgY-treated Ps group and naturally remitted Ps group (Figure 6a).
Statistically significant differences were observed between the Ps group and the naturally
remitted Ps group (p = 0.0003 for B-CD19+ and p = 0.01 for NK1.1+), respectively, and the
IgY-treated Ps group (p = 1 × 10−8 for B-CD19+ and p = 9.8 × 10−6 for NK1.1+). Although
for both experimental groups B-CD19+ and NK1.1+ normalization in peripheral blood was
noticed, it is important that the values normalization obtained for IgY-treated Ps group
is more pronounced, and the days necessary for skin healing is reduced compared to the
naturally remitted Ps group. The normalization of values for the IgY-treated group is also
supported by the fact that no statistically significant differences were obtained between the
IgY-treated group and controls.

The main change observed in the cellular population of the spleen was the normal-
izing of B-CD19+ cells revealed by a significant increase of B lymphocyte percentages
in both IgY-treated Ps group and naturally remitted Ps group (Figure 6b). Statistically
significant differences were observed between Ps group and the naturally remitted Ps
group (p = 0.0006), respectively IgY-treated Ps (p = 2.1 × 10−9) group, differences were also
noticed between the Ps group and controls (p = 4 × 10−7). Although for both experimental
groups, the normalization of B-CD19+ values from spleen cell suspension were observed,
once more the normalization is enhanced for IgY-treated Ps group, and less healing days
necessary compared to naturally remitted Ps group. No statistically significant differ-
ences were obtained for B-CD19+ lymphocytes between IgY-treated Ps group and controls
(p > 0.05), the values obtained being comparable. For NK1.1+ cells, there is a tendency to
normalize their values, and it was more pronounced in this case for the naturally remitted
Ps group, but no statistically significant differences were observed between the IgY-treated
Ps group and naturally remitted Ps group.

3.4. IgY Treatment-Induced Changes in NK Phenotype in Peripheral Blood and Spleen Cell
Suspensions in Experimental Murine Model of Psoriatic Dermatitis

The expressions on NK cells of CD49b, CD11b, CD43, CD27, KLRG1-maturation
markers, on CD69, CD28, CD11c, NKp46-activation markers, respectively, were quantified
for all experimental groups.

The analysis of maturation markers in peripheral blood (Figure 7) showed a significant
tendency to increase their expression on NK cells as compared to control group and
the differences between the experimental groups were statistically significant (p = 0.01;
p = 0.0009; p = 0.01). The level of CD49b on NK cells is significant reduced in Ps group.
The percentages of NK1.1+CD11b+ cells in Ps group are higher than controls, but without
statistical significance. In spleen cell suspension (Figure 8), analysis of maturation markers
revealed the same tendency of variation: increased values for CD11b, CD27, KLRG1 levels
on NK cells and lower values for CD49b and CD43 in Ps mice as compared to controls.
Only for CD49b and KLRG1 the differences were statistically significant (p = 0.01; p = 0.008).

Analysis of CD69, CD11c and CD28 (activation markers) on NK1.1+ cells in peripheral
blood revealed significantly increased values in Ps group p = 8.5 × 10−11; p = 9.5 × 10−9;
p = 0.003) compared to controls; the expression of NKp46 on NK1.1+ cells is lower in Ps
mice as compared to controls and the differences between the experimental groups were
statistically significant (p = 0.001) (Figure 9). We found the same tendency of variation for
activation markers in spleen cell suspensions (Figure 10): significantly increased values for
CD69, CD11c and CD28 in Ps group (p = 4.1 × 10−12; p = 2.1 × 10−7; p = 0.0001) compared
to controls; the expression of NKp46 on NK1.1+ cells is lower in Ps mice as compared to
controls, and the differences between the experimental groups were statistically significant
(p = 0.0003).
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Figure 8. Expression of maturation markers on NK cells in spleen cell suspensions. Expression of
CD49b, CD11b, CD43, CD27 and KLRG1 levels on NK1.1+ cells for IgY-treated Ps group (n = 12)
(61 ± 3.7; 75 ± 3.1; 73 ± 6.8; 28 ± 3.9; 39 ± 3.9) as compared to naturally remitted Ps group (n = 8)
(66 ± 0.2; 72 ± 3.2; 82 ± 4.1; 31 ± 3.1; 47 ± 3.7), control group (n = 8) (70 ± 5.1; 73 ± 1.4; 82 ± 2.3;
30 ± 2.9; 41 ± 4.3) and Ps group (n = 8) (48 ± 13.9; 77 ± 5.2; 78 ± 6; 36 ± 7.8; 48 ± 5.4). The results
(% of NK1.1+ cells) are presented as mean ± SD; n = number of mice).

Analysis of NK cell maturation markers in peripheral blood (Figure 7) revealed a
normalization of values for NK1.1+CD49+ and NK1.1+CD27+ cells in the IgY-treated Ps
group. As there are statistically significant differences (p = 0.01 and p = 0.0009) obtained
for these parameters between the Ps and control groups, after application of the IgY
treatment we did not find statistical differences when comparing the values obtained for
IgY-treated Ps group and controls. The expression of CD11b, CD43 and KLRG1 markers
on NK1.1+ cells is significantly lower for IgY-treated Ps group as compared to control
group. For the naturally remitted Ps group, the values for CD49b, CD11b, CD43 and
KLRG1 are normalized when comparing the values obtained for naturally remitted Ps
group and controls. The expression of CD27 on NK1.1+ cells was still significantly increased
(p = 0.0003) for the naturally remitted Ps group, being almost equal to that obtained for the
Ps group.
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CD11c, CD28 and NKp46 levels on NK1.1+ cells for IgY-treated Ps group (n = 12) (31 ± 4; 36 ± 3.8;
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Figure 10. Expression of activation markers on NK cells in spleen cell suspensions. Expression of
CD69, CD11c, CD28 and NKp46 levels on NK1.1+ cells for IgY-treated Ps group (n = 12) (13 ± 3.8;
33 ± 6.2; 3 ± 1.2; 79 ± 5) as compared to naturally remitted Ps group (n = 8) (12 ± 2.2; 39 ± 8.1;
3 ± 1.8; 83 ± 3.2), control group (n = 8) (4 ± 3.5; 26 ± 7.1; 1 ± 0.7; 75 ± 5.7) and Ps group (n = 8)
(65 ± 3.5; 74 ± 8.2; 29 ± 11.5; 61 ± 6.8). The results (% of NK1.1+ cells) are presented as mean ± SD;
n = number of mice).

In the spleen (Figure 8), the analysis of CD11b, CD27 and KLRG1 maturation mark-
ers revealed the normalization of their expression on NK cells following IgY treatment
when comparing to control group. CD43 expression on NK cells decreased after IgY treat-
ment. There were no statistically significant differences between IgY-treated Ps group and
naturally remitted Ps group for CD49b, CD11b, CD43 and CD27 on NK cells.

Analysis of the expression of activation markers on NK1.1+ cells in peripheral blood
after IgY treatment revealed the normalization of CD28 values when compared to controls.
For CD69 and CD11c levels in IgY-treated Ps group we observed a significant decreasing
trend compared to Ps group but the expressions of these NK markers are significantly
increased compared to control group (Figure 9). Although there is no statistically significant
difference between the IgY-treated Ps group and naturally remitted Ps group for NKP46
expression, its expression on NK cells after IgY treatment is comparable to Ps group,
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namely below normal limits. For naturally remitted Ps group, the values of all activation
markers have normalized when comparing to controls, except for CD11c, whose expression
is significantly increased compared to control group and IgY-treated Ps group (p = 0.001
and p = 0.03, respectively).

Analysis of the expression of CD69, CD11c and CD28 activation markers on NK1.1+

cells in spleen showed a pronounced decreasing trend for both IgY-treated mice and nat-
urally remitted Ps group, toward normalization of their values (Figure 10). For CD11c
expression, there is no statistically significant difference between IgY-treated Ps group and
control group, while for naturally remitted Ps group, there are still significant differences
(p = 0.03), when compared to controls. For all activation markers there are no statisti-
cally significant difference between IgY-treated Ps group and naturally remitted Ps group.
NKp46 expression on NK cells have normalized in both IgY-treated group and naturally
remitted Ps group as compared to the control group. Normalization of NKp46 values is
more evident after IgY treatment.

4. Discussion

Psoriasis affecting the health of numerous individuals world-wide has a multifac-
torial pathogenesis and the exact triggering factor remains still unclear, As the skin is
the major human organ with multiple functions, Ps instalment would trigger complex
systemic disturbances. Alterations in the skin and intestinal microbiome are involved
in the pathogenesis of psoriasis, therefore microbiome restoration becomes a promising
preventive/therapy strategy in psoriasis [49].

Several years ago, it was shown that the overall microbial diversity is increased in
the psoriatic plaque [50]. More recent studies proclaim an abnormal gut/skin microbiome
as a potential driving force of systemic inflammation underlying Ps. It is hypothesized a
gut-skin axis to be involved in Ps etiology as gut microbiota dysbiosis may alter systemic
immunity and diminishes skin’s physiological functions [42,51]. Regarding therapy strate-
gies, Ps treatment resembles bowel disease and could implicate appropriate antibiotics
to restore a normal flora, and also the use of prebiotics might be an alternative avenue
to explore [52]. Therefore, aiding current therapies with adjuvant compounds becomes a
necessity. As IgY is gaining new therapeutical potential in the anti-viral and anti-bacterial
fight and acknowledging all the accumulated data, we have initiated in a psoriasis experi-
mental model an adjuvant therapy using oral IgY developed against several pathogenic
bacteria to evaluate the potency to alleviate the psoriatic lesions and to restore the cellular
immune-related mechanisms.

The IMQ-induced psoriasiform dermatitis model [47] represents one of the most used
inducible systems in studying Ps due to its reduced cost, rapid induction of skin inflam-
mation and high reproducibility. Topical application of IMQ in animal models induce
the formation of cutaneous lesions similar with human Ps plaque, [53–55]. group [53,54],
Splenomegaly, as an indicator of intense lymphocyte activation, was observed in all ex-
perimental groups in which psoriatic dermatitis was induced. As recently published,
splenomegaly is a characteristic of this animal model [56] and it is an indicator that al-
though the induction of lesions was topical there is a systemic immune response. Following
oral therapy with IgY or naturally healing, the values of spleen weight and SW / BW ratio
were identical to the control group values. Practically, the splenomegaly installed after 6
consecutive days of IMQ-based cream topical application was completely remitted, for
both experimental groups.

As reported in Ps patients [57], peripheral and spleen immune cell deregulations were
found. As previously reported also by other groups [58] lower percentages of T-CD4+

and B lymphocytes, while the percentages of T-CD8a+ lymphocytes and NK1.1+ cells
were significantly increased. As a consequence, the T-CD4+/T-CD8+ ratio was significant
decreased in Ps mice. The main changes observed in spleen cell suspensions were statisti-
cally significant, namely lower percentages of T-CD4+ and B lymphocytes for Ps group as
compared to controls. T-CD4+/T-CD8+ ratio is decreased in Ps mice, but the differences
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between the experimental groups were not statistically significant. The values obtained for
these immunological parameters are comparable to the results published by our research
team for psoriatic dermatitis mice model in which the IMQ-based cream was applied for
5 consecutive days [44] and with other group’s results [59].

Analysis of T-CD4+ and T-CD8a+ lymphocyte subsets in peripheral blood revealed
normalization of these parameters for IgY-treated Ps, naturally remitted Ps and control
groups. T-CD8a+ lymphocytes, identified in spleen cell suspensions in the IgY-treated Ps
group are identical to the control group. Although the values of T-CD4+ subset obtained
for IgY-treated Ps group were significantly lower than control (p = 0.006), no statistically
significant differences were observed between the IgY-treated Ps group and naturally
remitted Ps group for T-CD4+ subset. Recent findings have shown that T-CD8+ cells are
involved in psoriasiform skin inflammation and that memory T cells are involved in the
pathogenesis of psoriasis, especially its recurrence. Therefore, normalization of these values
brings clear clinical benefit [60].

As expected, the T-CD4+/T-CD8a+ ratio in peripheral blood also revealed the nor-
malization pattern of IgY-treated Ps group compared to naturally remitted Ps or control
group. A tendency of normalization was also noticed in spleen cell suspensions for both
experimental groups. Although T-CD4+/T-CD8a+ ratio for IgY-treated Ps group were sig-
nificantly lower than control (p = 0.04), no statistically significant differences were observed
between the IgY-treated Ps group and naturally remitted Ps group.

Even though B-CD19+ and NK1.1+ normalization in peripheral blood was noticed the
normalization for IgY-treated Ps group is more pronounced.

The main change observed in the spleen cell suspension was the normalizing of
B–CD19+ cells by significant increase of B lymphocyte percentages in both IgY-treated Ps
group and naturally remitted Ps group. B cells have an important role in the protection
against different infectious and inflammatory diseases, but there are very few reports on
B lymphocytes involvement in Ps. The regulatory sub-population of B cells, Bregs were
found decreased in Ps patients [61] and moreover, it was shown that Bregs may positively
influence the course of Ps by producing IL-10 [62,63]. Therefore, the B cells increase that
we have noticed in the treated group could account for the clinical improvement of the
induced Ps.

For NK1.1+ cells, there is a tendency to normalize the values, in the naturally remitted
Ps group, with no statistically significant differences when compared to IgY-treated Ps
group. The role of NK cells in Ps development is not fully elucidated. Although NK
cells are recruited in human psoriatic lesions and in the induced Ps in mice, the studies
regarding NK cells involvement in Ps do not abound [64]. The level of maturation marker
CD49b on NK cells is significantly reduced in the Ps group. In spleen cell suspension,
analysis of maturation markers revealed the same tendency of variation: increased values
for CD11b, CD27, KLRG1 levels on NK cells and lower values for CD49b and CD43
in Ps mice as compared to controls. Only for CD49b and KLRG1 the differences were
statistically significant.

Analysis of activation markers CD69, CD11c and CD28 on NK1.1+ cells in periph-
eral blood revealed significantly increased values in Ps group compared to controls; the
expression of NKp46 on NK1.1+ cells is lower in Ps mice as compared to controls, and
the differences between the experimental groups were statistically significant. Published
studies report controversial results regarding NK cells in Ps and the matter is still subject
of debate [65–67].

We found the same tendency of variation for activation markers in spleen cell sus-
pensions, namely significantly increased values for CD69, CD11c and CD28 in Ps group
compared to controls along with decreased expression of NKp46 on NK1.1+, with sta-
tistically significant differences. As a major activating receptor, NKp46, is an NK cell
specific surface marker involved in all NK physiological immune processes [68] therefore
an indicator that NK cells are mis-functioning due to the induced Ps.
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In IgY-treated Ps group, NK cell maturation markers assessed in the peripheral blood
revealed a normalization of values for NK1.1+CD49+ and NK1.1+CD27+ cells. Thus,
the statistically significant differences obtained for these parameters between the Ps and
control groups subside after IgY treatment. For naturally remitted Ps group, the values
for CD49b, CD11b, CD43 and KLRG1 are as well normalized when compared to controls.
As already mentioned, it should be noted that the healing period was longer for naturally
remitted Ps group compared to the IgY-treated group. The expression of CD27 on NK1.1+

cells was still significantly increased for the naturally remitted Ps group, being almost
equal to that obtained for Ps group. NK maturation in periphery is characterized by
an upregulation of CD11b, CD43, KLRG1, and Ly49 receptors, and a downregulation of
CD27 [69,70], therefore we can speculate that even in clinically remitted psoriatic lesions
the NK population remains alert to any psoriatic-dependent antigen.

In spleen cell suspension, analysis of CD11b, CD27 and KLRG1 maturation markers
revealed the normalization of their expression on NK cells following IgY treatment com-
pared to the control group. CD43 expression on NK cells decreased after IgY treatment.
In contrast to the periphery, in the spleen, no statistically significant differences between
IgY-treated Ps group and naturally remitted Ps group for CD49b, CD11b, CD43 and CD27
on NK cells was found. Yet again we can speculate that while NK residing in the sec-
ondary immune organs, such as the spleen, have normalized their parameters while in the
periphery there are still populations that patrol in search of a psoriatic-like antigen.

Analysis of the expression of activation markers on NK1.1+ cells in peripheral blood
after IgY treatment revealed the normalization of CD28 values when compared to controls.
For CD69 and CD11c levels in IgY-treated Ps group we observed a significant decreasing
trend compared to Ps group, but the expressions of these markers on NK cells are signifi-
cantly increased compared to control group. Although there is no statistically significant
difference between IgY-treated Ps group and naturally remitted Ps group for NKP46, its
expression on NK cells after IgY treatment is comparable to the Ps group, namely be-
low normal limits. For naturally remitted Ps group, the values of all activation markers
have normalized, except for CD11c, whose expression is significantly increased compared
to control group and IgY-treated Ps group. Several years ago, it was reported that the
CD56+CD16+CD11c+ NK population are endowed with important characteristics such as
IFN-γ production, tumor cell cytotoxicity and promotion of γδ T lymphocyte prolifera-
tion [71]. Therefore, in our experimental model NK cells retain their activation capacity as
proven by CD11c expression.

In spleen cell suspensions analysis of the expression of CD69, CD11c and CD28
activation markers on NK1.1+ cells showed a pronounced decreasing trend for IgY-treated
mice normalizing their values. For CD11c expression, there is no statistically significant
difference between IgY-treated Ps group and control group (p > 0.05), while for naturally
remitted Ps group, there are still significant differences. For all activation markers there are
no statistically significant difference between IgY-treated Ps group and naturally remitted
Ps group. NKp46 expression on NK cells have normalized in both IgY-treated group and
naturally remitted Ps group as compared to the control group. Normalization of NKp46
values is more obvious after IgY treatment.

Study limitations. We acknowledge some limitations of our study. Thus, as human
Ps is a complex auto-immune disease comprising, as presented, various triggering factors,
the mice model is an induced one, therefore it misses probably more complex relations
gut-skin interrelation. Another limitation of the study is that the IgY compound is designed
for human ingestion as it is comprised out of IgY developed against antibiotic-resistant
bacteria, therefore there could be bacterial strains that were missed in our mice model. Yet,
in our model the Ps lesions subside earlier than the naturally remitted group probably as
the utilized IgY is most probably restoring the digestive track microbiota. This limitation is
overridden by the findings that mouse and human gut microbiota have similarity at the
genus level [72]. Moreover, the mouse gut microbiota has similar functionality with the
human one [73,74], therefore we can speculate in our experimental model that at least for
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some of the gut bacteria the IgY compound restored the microbiota inducing hence the
solving of the induced psoriasis.

Perspectives. Far from being exhaustive, our work can open new perspective in Ps
therapy. Therefore, we can foresee application in human psoriasis by first establishing the
patients gut microbiota, then inoculating hens with the bacteria and isolating the raised
IgY. Then, in conjunction with the standard psoriasis therapy, purified IgY can be ingested
in doses matching the ones tested within our work. As shown, IgY preparations are non-
allergenic and have high biocompatibility. Hence, one can imagine in the future adjuvant
setting in which personalized IgY could aid the established therapy, alleviate the psoriatic
lesions and improve the overall health status of the patient.

5. Conclusions

Ps affecting the health of numerous individuals worldwide has a multifactorial patho-
genesis and recently it was shown that alterations in the skin and intestinal microbiome are
involved in the pathogenesis of Ps, therefore microbiome restoration becomes a promising
preventive/therapy strategy in this pathology. In our pre-clinical design study, using a
mice model of induced psoriatic dermatitis, we have tested the proof-of-concept that IgY
raised against pathological human bacteria resistant to antibiotics can alleviate psoriatic
lesions and restore immune parameters. We pin-pointed that the IgY specific compound
can be a possible pre-biotic alternative adjuvant in Ps. As IgY preparation can be raised
against individualized microbiome using this compound can open also the personalized
medicine domain in Ps.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/jpm11090841/s1, Table S1: Individual experimental data for erythema (E), skin scaling
(S), thickening (T) and PASI score. Table S2: Individual histological parameters for each mouse
from groups control, naturally remitted, psoriasis and IgY treated (- represents the absence of the
investigated parameter, + low presence; ++ medium presence; +++ intense presence; ++++ extremely
high presence).
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