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Abstract

Background: Psoriasis is a T cell-mediated autoimmune disease in patients with elevated levels of pro-
inflammatory cytokines belonging mainly to the Thl pathway. We investigated whether treatment of psoriasis
patients with methotrexate (MTX), along with micronutrients, modulated mRNA expression of Thl and Th2
components and whether expression of these components correlated with psoriasis severity.

Methods: Thirty plaque-type psoriasis patients with Psoriasis Area and Severity Index (PASI) scores
greater than 10 were recruited; these were 15 non-micronutrients taking- (NMT) patients treated with
MTX daily (0.2-0.3 mg/kg/week), and 15 micronutrients taking- (MT) patients treated with MTX plus a
micronutrient supplement daily, for 12 weeks. Blood samples were collected immediately before
treatment (baseline) and after 12 weeks of treatment. Tagman quantitative real-time polymerase chain
reaction (JPCR) was applied to analyze the expression of the Th1 components T-bet, interleukin-12 (IL-
12), and interferon-gamma (IFN-y), and the Th2 components GATA-3 and interleukin-4 (IL-4). Disease
severity was measured using the PASI scoring system.

Results: Significant clinical improvement in the MT group coincided with significant down-regulation of
Thl and up-regulation of Th2 markers (P<0.05). With respect to the PASI-75, (defined as a 75% or
greater reduction in the PASI score) cut-off point, expression of IFN-y in the MT group with PASI scores
above 75 was significantly less than that of patients in the NMT group (P=0.05). Also, GATA3 and IL-4
MRNA expression in the MT group with PASI scores greater than above 75 was significantly greater than
that of patients in the NMT group (P=0.05 and 0.04, respectively)

Conclusions: Based on significant attenuation of the PASI score, which correlated with upregulation of
Th2 pathway markers in the MT group, we recommend administration of micronutrients combined with
MTX for psoriasis patients. Our results contribute to a better understanding of methotrexate immune-
pathogenesis mechanisms and their correlations to clinical responses in psoriasis.
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Introduction

Psoriasis is a common chronic inflammatory skin mononuclear cell infiltrate into the underlying
disease characterized by epidermal cell hyper- dermis (1, 2). Psoriasis lesions develop through an
proliferation and turnover with an activated immune  deregulation  pathway  involving
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overexpression of pro-inflammatory  cytokines
produced by T helper (Th) 1 cells and dysfunction
of Th2 cells (3-5). The pathogenesis of psoriasis is
not clear, but it is believed to be induced by auto-
reactive interferon-gamma (IFN-y) producing Th1
lymphocytes, which regulate other cellular
reactions, resulting in hyper-proliferation of
keratinocytes with associated inflammation and
dermal proliferation of small vessels (6). The role
of Th1 cell differentiation and Th1 cytokines in the
development and maintenance of psoriasis has
been elucidated through increased activation of
CD4(+) T lymphocytes and systemic and local
overexpression of the pro-inflammatory cytokines
IFN-y, IL-6, and tumor necrosis factor alpha (TNF-
a) (7). The role of complementary or alternative
medicine (CAM) in psoriasis management to
reduce flare-ups, scales, and erythema has been
neglected (8, 9). Some treatments have attempted
to tweak the Th1/Th2 pathway with micronutrient
supplements (10-12). Therefore, clinical trials to
evaluate the Th1/Th2 imbalance in psoriasis are
needed. Methotrexate (MTX), the cost-effective
gold-standard treatment for moderate to severe
psoriasis, acts as both an immune-modulatory and
antimetabolite agent (13-15). Methotrexate was
originally thought to not influence the Th1/Th2
balance but it has been recently reported to
modulate the immune status towards Th2
dominance in rheumatoid arthritis by decreasing
expression of the interleukin- (IL) 12 receptor and
IFN-y, and increasing expression of 1L-4 (16, 17).
The mechanisms that control the Th1/Th2 balance
are not yet fully understood, but the transcription
factors T-bet and GATA-3 have been shown to
influence Th cell differentiation (18-20). T-bet, a
member of the Thrl sub-family of T-box genes,
plays an important role in Th1 differentiation. T-bet
controls the expression of IFN-y, a Thl-specific
cytokine, and inhibits the production of IL-4, a
Th2-specific cytokine, generating the shift from
Th2 to Thl cell dominance (20-22). In addition,
GATA-3, the specific Th2 pathway transcription
factor, promotes Th2 differentiation and Th2
cytokine expression (23). The relative expressions
of T-bet and GATA-3, which affect the Thl and
Th2 pathways, has been implicated in several
immunological diseases including atopic dermatitis,
rheumatoid arthritis, and psoriasis (24-26).

It seems the pathogenesis of psoriasis includes the
immune responses of both Thl and Th2 cells,
although how this Th1/Th2 skewing leads to
psoriasis is not fully understood. To our
knowledge, the effect of co-consumption MTX
and micronutrients on the expression Th1 and Th2
components in peripheral blood mononuclear cells
(PBMCs) of psoriasis patients has not been
investigated.

In this report, using quantitative reverse
transcriptase polymerase chain reaction (QPCR),
we examined the expression of GATA-3, T-bet,
IL-4, IL-12, and IFN-y in PBMCs of psoriasis
patients in two treatment modalities including
MTX only and MTX plus micronutrients. We also
evaluated the correlations between clinical
responses and expression of the Thl and Th2
factors.

Materials and Methods

This case-control study was approved by the Ethics
Committee of Mashhad University of Medical
Sciences (MUMS), Mashhad, Iran, and under the
registry of Iranian Registry of Clinical Trials;
IRCT: 2014012016275N1. Written informed
consents were acquired from all participants.

Study participants and treatment regimen
Thirty plague-type psoriasis patients included 18
men and 12 women with a mean age + standard
deviation (SD) of 38.67 + 10.81 years and a range
of 21-59 years. Patients with Psoriasis Area and
Severity Index (PASI) scores greater than 10 were
included according to the inclusion and exclusion
criteria. Patients with the following criteria were
excluded; type one diabetes mellitus, obesity with
body mass index (BMI) > 25, cardiovascular
disease, pregnancy, history of liver disease, or
consumption of alcohol or alcoholic beverages
during the study. Those who wanted to leave the
study for any reason, those who took methotrexate,
those who received phototherapy within the
previous two months, or those who self-consumed
micronutrients  or  over-the-counter  (OTC)
medicines for psoriasis within the previous two
months were excluded.

The non-micronutrient-taking (NMT) patients
were considered as controls and the micronutrient-
taking (MT) patients were considered as cases.
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Subjects in both groups received one dose of MTX
at 0.2-0.3 mg/kg/week for 12 weeks (27). Subjects
in the MT group also received one tablet of
micronutrient supplement during the 12-week
study (Immunace, Vitabiotics Ltd, London, UK).
In addition, folic acid was given to all study
subjects (5 mg once daily) except on the day of
MTX consumption. Psoriasis severity was rated
according to the Psoriasis Area and Severity Index
(PASI) scoring system (28), at the beginning
(baseline) and end of the study. Drug approval
often depends on a 75% improvement in the
baseline PASI score and known as a PASI-75 (28).
Therefore, we considered PASI-75 as the clinical
cut-off point and the clinical effectiveness
indicator. Subjects who achieved PASI scores >
75% achieved greater clinical improvement than
patients with PASI scores < 75%.

Furthermore, to identify probable confounding
variables related to the expression of our genes of
interest, age, age at disease onset, weight, body
mass index (BMI), and dermatology quality of life
index (DLQI) were assessed. The DLQI was
recorded based on the DLQI questionnaire (29).

Isolation of PBMCs

Five ml of blood were collected from each subject
into a vacutainer tube under sterile conditions
between 08:30 and 10:30 a.m. at baseline and at the
end of the trial. To isolate serum, blood samples
were incubated at room temperature for 30 min and
centrifuged at 2800 rpm for 20 min. Peripheral
blood mononuclear cells (PBMCs) from the blood
samples were isolated using Ficoll (Lymphosep,
Biosera, UK). The isolated cells were centrifuged
for 10 min at 971 g and washed 2x with phosphate
buffered saline (PBS) (Sigma, Germany).

Quantitative real-time PCR (qQPCR)

MRNA expression of T-bet, GATA3, IFN-y, IL-
12, and IL-4 was measured by gPCR. Total RNA
was isolated from PBMCs using Trizol (Roche
Diagnostics GmbH, Mannheim, Germany). cDNA
was synthesized using a Prime-ScriptTM, RT
reagent kit (Takara Biotechnology, Otsu-Shiga,
Japan) according to the manufacturer's instructions.
Quantitative real-time PCR was performed on the
Rotor-Gene Q (Qiagen Hilden, Germany) using
Tagman Master Mix (Primemix EXTaq™, Takara
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Biotechnology, = Otsu-Shiga,  Japan)  with
appropriate  primers and probes (Table 1).
Glyceraldehyde  3-phosphate  dehydrogenase
(GAPDH) was used as an endogenous control for
sample normalization. Based on the expression of
target genes normalized to GAPDH, we calculated
the relative quantification delta-delta Ct and the
results are presented as fold change.

Statistical analysis

Data were analyzed by SPSS software version 16.
Descriptive data were summarized as means with
standard errors of means (SEMs). The Mann-
Whitney test or the Independent T-test was used to
compare expression of transcription factors and
cytokines between the MT and NMT groups.
Pearson’s correlation test was used to evaluate the
correlation between PASI scores and the Th1 and
Th2 markers. Spearman’s correlation test was
performed to evaluate the correlation of variables
including age, age at disease onset, weight, BMI,
DLQI, and the expression of T-bet, GATAS3, IFN-
v, IL-12, and IL-4. P values less than or equal to
0.05 were considered significant.

Results

In this study, 30 psoriasis patients were divided into
two groups; the NMT group included 9 males and
6 females, 38.80+11.23 years old, and the MT
group included 9 males and 6 females, 38.53 +
10.77 years old. The two groups were similar in
gender distribution and age (P=0.97). In addition,
subjects in the NMT and MT groups had similar
weights (67.5 + 5.37 vs. 61.90 + 12.87) and BMIs
(23.82+£2.34 vs. 21.75+2.40) (P>0.05). The NMT
and MT groups also had similar PASI scores
(30.23+£10.87 vs. 31.80£10.57) before the study
(P=0.69), while after the 12-week study, the PASI
score of the MT group was significantly less than
that of the NMT group (5.50+3.82 vs. 10.86+ 9.84,
P=0.04). Six subjects of the NMT and 11 subjects
of the MT group reached PASI-75 at week 12
(P=0.05). Variations of DLQI among NMT and
MT participants were similar both before (15.13+
2.85 vs. 15.33+3.30) and after the experiment
(9.73+ 1.94 vs. 853 £ 2.97), respectively (P
>0.05).
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Table 1. Studied primers and gene probe sequences used in quantitative real-time PCR

Gene Accession No. Sequence 5™-3” (position)
Forward CGGCTCGACAGGAACCTCT
L4 AMO937235.1 Reverse TCCAAGAAGTTTTCCAACGTACTCT

Probe FAM-CGGGCTTGAATTCCTGTCCTGTGAAG-TAMRA

Forward GAGGGCCGTCAGCAACAT
Reverse ~ ATGATCAATCTCTTCAGAAGTGCAA

IL-12 AF101062.1

Probe FAM-CTCCAGAAGGCCAGACAAACTCTAGAATTTTACC-TAMRA

Forward TTCCCCAAGAACAGCTCGTT
Reverse  GGCTCAGGGAGGACATGTGT

GATA3  NM_002051

Probe FAM-AACCCGGCCGCCCT- TAMRA

Forward ACACGCATATCTTTACTTTCCAAGAA
Reverse TCAGCTGAGTAATCTCGGCATTC

T-bet AF2412432

Probe FAM-CCCAGTTCATTGCCGTGACTGCC-TAMRA

Forward CTAATTATTCGGTAACTGACTTGA
Reverse  ACAGTTCAGCCATCACTTGGA

IFN-y BC070256.1

Probe FAM-TCCAACGCAAAGCAATACATGAAC-TAMRA

Forward AGCCGGGCATGTTCTTCAAC
Reverse  AGGGAGCTTCACGTTCTTGTAT

GAPDH NM_001256799.2

Probe FAM- CGGAGCTGGACCTGACCTACGGCA -TAMRA

Modification of Thl Pattern

Figure 1 (Fig 1) shows the relative expression of IFN-
v, IL-12, and T-bet. mRNA expression of IFN-y, IL-
12, and T-bet was significantly greater in the NMT
than in the MT group (Figure 2A, P = .01, .05, and
.05, respectively). Owerall correlations between
changes in PASI scores from baseline to the end of
the study and expression of the Th1 pathway markers
IFN-y, IL-12, and T-bet are presented in Figure 2 (Fig 2).
The statistical analysis showed that there were not any
significant correlations between expression of any of
the markers and clinical responses. Table 2 shows the
statistical analyses relating expression of the Thl
markers of the MT and NMT groups with respect to
the PASI-75 scores. Expression of all the Thl
markers was greater in the NMT than in the MT
group. Expression of IFN-y in subjects in the MT
group with PASI scores above 75, indicating greater
clinical improvement, was significantly less than that
in the NMT group (P < 0.05). Although this point
was presented for IL-12 and T-bet, the difference
between the MT and NMT groups was not
significant (Table 2, P > 0.05). To identify the
confounding variables, we compared the correlation
of clinical and demographic variables with

cytokine gene expression during the study (Table 3).
No significant correlations were observed between
IFN-y, IL-12, T-bet, IL-4, or GATA3 expression and
age, age at disease onset, weight, BMI, or DLQI (P >
0.05).

Modification of Th2 Pattern

Interleukin-4 and GATA3 expression were
significantly greater in the MT than in the NMT
group (Figure 3 (Fig 3), P < 0.05). Correlation of
expression of the Th2 pathway factors GATA3 and IL-
4 and PASI score differences showed that variations in
expression of these factors were not correlated
significantly with each other (P > 0.05, Figure 4).
Hence, improvement in clinical response was not
significantly related to IL-4 and GATA3 expression
(Figure 4 (Fig 4)). With respect to the PASI-75 cut-off
point, GATA3 and IL-4 mRNA expression were
significantly greater in the MT group members with
PASI scores above 75 than those in the NMT group (P
=0.05, P =0.04, Table 2). Furthermore, no significant
correlation was observed between GATA3 or IL4
expression and age, age at disease onset, weight, BMI,
or DLQI (P >0.05, Table 3).
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Relative mRNA Expression

IFN-y IL12 T-bet
Fig. 1. Relative mRNA expression of IFN-y, IL-12, and T-bet in the NMT and MT groups. P values for each expression pair are shown.
NMT; non-micronutrients takers, MT; micronutrients takers
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Fig.2. Correlation of Th1 marker gene expression and Psoriasis Area and Severity Index (PASI). r; Regression, Sig: Significant level

Table 2. Evaluation of gene expression of Th1 and Th2 cytokines and PASI-75 as cut off point between NMT and MT groups.

Pathway Gene  PASIgroup NMT,MeanzSE MT, Mean+SE P-value
IFN-y PASI < 75% 6.98+4.32 061+0.2 **0.01
PASI > 75% 123+0.20 051+0.10 *0.05
Thi L-12 PASI < 75% 761+£220 2.38+0.89 *0.05
PASI > 75% 316+£175 145+0.35 0.85
T-bet PASI < 75% 340+0.92 1.71+0.99 0.29
PASI > 75% 346+144 1.62+0.52 0.16
L4 PASI < 75% 1.89+057 7.04+226 *0.05
Tho PASI > 75% 184+0.64 1045+3.23 *0.04
GATA3 PASI < 75% 12.87+7.58 18.83+6.80 0.64
PASI > 75% 337+£177 20.58+7.79 *0.05

NMT; non-micronutrients taker, MT; micronutrients taker, PASI; Psoriasis Area and Severity Index, PASI < 75% and PASI > 75%
refer PASI scores less than and above than 75 respectively, SE; The standard error of the mean, means represent the relation ratio mMRNA
expression of related studied genes. The Independent T-test for was used for parametric data and the Mann-Whitney U test for non-
parametric data. *P values less than 0.05 were considered statistically significant and **P values less than 0.01 were considered

statistically very significant.
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Table 3. Correlation analysis of anthropometric variables (age, age at disease onset, weight, and BMI) and dermatology quality of life
index (DLQI) with related Th1 and Th2 transcription factors and cytokines
Cytokine Expression

IFN-y  IL-12  T-bet IL-4 GATA3
Correlation coefficient 0.23 0.18 0.21 -0.20 -0.17

Age Significance (mo-tailed) 020 032 025 028 034
Age at onset Qor'rglation coeffici_ent -0.01 0.01 011 0.01 0.009
Significance (two-tailed) 0.92 094 0.55 094 094

Weight (K) Qor'rglation coeffici_ent -0.07 -0.20 011 0.08 -0.09
Significance (two-tailed) 0.70 0.27 054 0.65 0.61

BMI (Kg/m2) Qor_rglation coeffici_ent -0.17 0.01 0.08 -0.23 -0.15
Significance (two-tailed) 0.36 0.95 0.65 0.23 0.40

DLOI Correlation coefficient -0.08 0.02 0.14 -0.07 0.03

Significance (two-tailed) 0.64 0.88 0.46 0.67 0.86
BMI; Body Mass Index, Correlations were calculated with Spearman’s Rho and less than 0.05 was considered as significant level.
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MT
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Relative mRNA Expression
e

IL4 GATA3

Fig. 3. Relative mMRNA expression of Th2 pathway factors IL-4 and GATA3 in NMT and MT groups. P values for each expression pair
are shown. NMT; non-micronutrients takers, MT; micronutrients takers
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Discussion

In this study of the effect of micronutrients on the
expression of Thl and Th2 components, our data
showed that clinical responses are associated with
specific modulation of immune pathways. A shift to
a Th2 pathway was based on greater GATA3 and
IL-4 and fewer IFN-y, IL-12, and T-bet expression
inthe MT than in the NMT group.

These results supported previous studies on the role
of MTX, in which pro-inflammatory cytokine
expression decreased, and a shift from a Thl to a
Th2 pathway was reported (16, 17, 30).

We found greater GATAS3 and IL-4 than IFN-y,
IL-12, and T-bet expression in patients with PASI
scores above 75. Therefore, we found the patients
with improved clinical responses downregulates
Th1 and upregulate Th2 components. In support of
this finding, previous studies have shown higher
IFN-y (5, 31) and lower IL-4 (31, 32) levels in sera
of psoriatic patients than in healthy individuals, and
correlated IFN-y levels with the psoriasis clinical
severity score (5, 31). Furthermore, a decrease in
serum IFN-y levels correlated with decreased PASI
scores following methotrexate treatment (4).
Regulation of the Th1/Th2 balance can be mediated
by T-bet and GATA-3 (33). This research
documented Th1 dominance in PBMCs of psoriatic
patients in conjunction with significantly greater T-
bet and less GATA-3 mRNA expression than in
healthy subjects (26).

Overall, we found the mRNA cytokine
expression followed similar trends even if they
did not show statistically significant differences in
clinical responses. Similar to our results, Xingiang
et al. (16) found no correlation between high
expression of IL-4 due to MTX treatment in
rheumatoid arthritis (RA) patients and clinical
responses. These results could be due to either a
need for more time to study this relationship in
lymphocytes or a need for more of the selected
cytokines or transcriptional repressors due to their
probable cross regulation at the transcriptional
level. We suggest further studies for a better
understanding of the correlation between cytokine
changes and clinical responses.

A potential association between micronutrient
or dietary supplements and improvement of
psoriasis lesions have not been studied. It is
possible that micronutrients augment the immune
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response by improving T-lymphocyte function or
one or more components of the innate immune
system, or by blocking the activity of
inflammatory cytokines in psoriasis patients.
Retinoid regulate several elements of the immune
response by suppressing IL-1, IFN-y, and TNF-a,
the pro-inflammatory cytokines in psoriasis, and
improving Th2 responses by enhancing IL-4, IL-
5, and IL-10 secretion. The immune-modulatory
role of 1,25-dihydroxyvitamin D3 (vitD3), with
beneficial effects on Thl-mediated autoimmune
diseases, was demonstrated through Th cell
polarization by inhibiting production of the Thl
factors IFN-y and T-bet, and by augmenting Th2
cell development via IL-4, IL-5, IL-10, and
GATAS production (34). The clinical efficacy of
vitD3 in psoriasis treatment was shown to be due
to suppression of members of the IL-1 family, IL-
12/23 p40, and TNF-a in psoriatic lesions (35),
and in other Thl-associated diseases, including
Crohn’s disease (10), through decreasing IL-2,
TNF-a, and IFN-y, and increasing IL-10 from
Th2 immune cells. Vitamin E supplements
improved indices of cell-mediated immunity and
selenium supplements improved of T-cell
function and control of the immune response in
psoriasis lesions (36). Vitamin B12 aided in the
maintenance of immune function and decreased
pro-inflammatory cytokine expression (37), and
dietary zinc, in activating NF-xB, induced
expression of IL-1B and TNF-o, and neutrophil
infiltration during the early stages of cutaneous
wound healing (38). Recently, Yousefzadeh et al
found more significant decrement of IL-1p and
TNF-o levels followed with the better
improvement of PASI score among psoriasis
patients who were treated under micronutrients
and MTX compare than who were treated with
MTX only (39). Therefore, in the present study,
the significant decrease in expression of Thl
pathway inflammatory cytokines and increase in
expression of Th2 pathway cytokines in subjects
receiving micronutrients plus MTX is likely due
to the synergy between the two therapies,
enhancing the clinical efficacy of MTX leading to
this immunological pathway shift.

To our knowledge, this is the first study to
combine MTX and micronutrients in psoriasis
treatment and correlate clinical responses with the
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Th1/Th2 immunological pattern. Our findings
indicate T cell modulation to the Th2 pathway and
improved clinical responses are induced by MTX
and MTX plus micronutrients. Other psoriasis
treatments also modulate T cell responses in
accordance with clinical responses, but we suggest
micronutrients combined with MTX as the most
cost-effective therapy in psoriasis patients. However,
the small number of subjects in our study likely
limits the data. The results should be confirmed by a
larger study with more patients. We recommend
conducting sensitive analyses like flow cytometry
techniques for determining the involved subsets of
monocytes in psoriasis patients under the respected
therapy. Moreover, in vitro studies by cultured
monolayer keratinocytes of skin biopsies from
psoriasis patients could constitute a future step of the
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