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Abstract
Background. Ustekinumab is a monoclonal antibody that shows the ability to bind to subunit p40, com-
mon for interleukin 12 (IL-12) and IL-23, which prevents the activation of the JAK STAT signaling pathway.

Objectives. The objective of the study was to evaluate the efficacy of therapy that uses anti-IL-12/23 medi-
cine in patients with psoriasis vulgaris, based on the disease clinical progression indices (Psoriasis Area and 
Severity Index (PASI), Dermatology Life Quality Index (DLQI) and Body Surface Area (BSA)) and to determine 
the possibilities of using changes in the expression profiles of tumor necrosis factor α (TNF-α), tumor necrosis 
factor receptor (TNFR1) and TNFR2 as molecular markers showing the response to ustekinumab therapy.

Material and methods. The group under study was composed of 14 patients (10 men and 4 women, aged 
49.3 ±10.2 years) with diagnosed psoriasis vulgaris, treated with ustekinumab. The group was divided into 
subgroups because of the selected 3 stages of therapy. The control group consisted of 20 healthy volunteers 
(11 men and 9 women, aged 46 ±10 years). The 120-week long observation involved a clinical assessment 
of the patients (PASI, BSA and DLQI), based on the following scheme: 0–4–12 weeks of the observation. 
The analysis of molecular changes in the TNF-α, TNFR1 and TNFR2 expression profiles was performed with 
the quantitative reverse-transcription polymerase chain reaction (RT-qPCR) method, using the patients’ full 
blood. The statistical analysis was performed with STATISTICA v. 12.0 PL (StatSoft, Inc., Tulsa, USA) with 
the level of statistical significance p < 0.05.

Results. Gradually reduced PASI, BSA and DLQI values were observed during anti-IL-12/23 therapy. An in-
creased level of the TNF-α transcription activity was observed in the analyzed group when compared 
to the control. Correlations between the clinical and molecular parameters were also indicated.

Conclusions. Ustekinumab constitutes an efficient and safe form of pharmacotherapy in psoriasis vulgaris. 
We did not observe any reduced efficacy of the treatment when reclassifying patients for the therapy. 
Tumor necrosis factor α, TNFR1 and TNFR2 may serve as supplementary markers of molecular response 
to the medicine.
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Introduction

Psoriasis is a multi-factor pro-inflammatory disease, 
the most characteristic phenomenon of which is parakera-
tosis.1–3 Moreover, the disease involves the increased risk 
of concurrent metabolic syndrome, arterial hypertension, 
cardiovascular diseases, and ischemic brain stroke.2,4–6 
Development of molecular biology made it possible to ob-
serve and confirm the changes occurring in the expression 
of cytokines, e.g., transforming growth factor β (TGF-β), 
tumor necrosis factor α (TNF-α) and interleukins (IL-12, 
IL-23 and IL-17) in the said disease.2,7

Biological anti-cytokine therapy is intended for those 
patients for whom conventional therapies proved to be 
insufficiently effective or in cases where contraindications 
for their application occurred. Moreover, in this group 
of patients, psoriasis has got a severe course and a high 
degree of lesion advancement (Psoriasis Area and Sever-
ity Index (PASI) >10 or Body Surface Area (BSA) >10).7–9

Two big groups of anti-cytokine medicines are distin-
guished: TNF-α inhibitors (adalimumab, etanercept) and 
IL-12/23 inhibitor (ustekinumab),10,11 which owe their high 
efficacy to their unique activity: their focus on molecular 
objectives.10–12

When binding to the mentioned subunit p40, ustekinum-
ab prevents IL-12/23 from interacting with the receptor 
and activation of the JAK STAT signaling pathway and 
is also a monoclonal antibody oriented against the p40 
subunit, common for IL-12 and IL-23.1,8

Therapy based on this medicine is comparably efficient 
in anti-TNF therapy and enables us to achieve remission 
of disease symptoms.1,8,13

Interaction between IL-12 and IL-23 and receptors 
on the cell surface activates the JAK STAT signaling path-
way,14,15 the final products being the following: TNF-α and 
interferon gamma (IFNγ),16 which enhance IL-12/23 secre-
tion,17 thereby causing intensified inflammation.18–20

Tumor necrosis factor α is mainly generated by the fol-
lowing: macrophages, monocytes, T and B lymphocytes, 
and its interactions with receptors TNFR1 and TNFR2 
trigger activation of apoptosis or the NFκB pathway.21

To clinically assess the changes in patient, advancement 
of disease and efficacy of therapy in psoriasis vulgaris, 
the  following scales are used: PASI, Dermatology Life 
Quality Index (DLQI) and BSA.22

Objectives

The objective of the study was to evaluate the efficacy 
of anti-IL-12/23 therapy in patients with psoriasis vulgaris, 
based on the clinical parameters (PASI, DLQI and BSA), 
and to analyze the transcription activity profiles of TNF-α, 
TNFR1 and TNFR2. The possibility of using the changes 
in the expression of the analyzed genes as supplementary 
molecular markers of therapy efficacy was also determined.

Material and methods

Material used for the studies involved blood taken from 
14  patients with psoriasis, classified for ustekinumab 
therapy. The blood was sampled before the administra-
tion of an ustekinumab dose and 2 h after its administra-
tion (one stage of the therapy lasted 40 weeks). The ana-
lyzed group was divided into 3 subgroups, as the patients 
had to be reclassified to a given pharmacotherapy pro-
gram and a  new stage of  therapy had to  be initiated: 
subgroup I  included 14 patients (10 men and 4 women, 
aged 49.3 ±10.2 years), subgroup II included 9 patients 
(7 men and 2 women, aged 50.1 ±7.64 years) and sub-
group III included 5 patients (3 men and 2 women, aged 
52.8 ±7.98 years). The interval between the subsequent in-
clusions to therapy was 4–6 months. The need to reclassify 
the patients to anti-cytokine therapy resulted from the cri-
teria of IL-12/23 therapy inclusion and from whether any 
of the patients show remission. This is due to the fact that, 
in accordance with the Polish guidelines for anti-IL-12/23 
therapy, when patients undergo remission after 40 weeks 
of therapy, the treatment is terminated. When skin le-
sions reappear, patients are re-qualified for ustekinumab 
treatment (subgroup II and III). The number of patients 
suffering from psoriasis in I–III subgroups was associated 
with lasting remission, non-compliance of patients with 
recommendations and acute exacerbations, which resulted 
in the discontinuation of ustekinumab therapy (Fig. 1).

Patients classified for the study received ustekinum-
ab in the doses dependent on their body weight (45 mg 
or  90  mg) according to  the  following scheme: 0–4–
12 weeks. The control group consisted of 20 healthy vol-
unteers (11 women and 9 men, aged 46 ±10 years) who gave 
their voluntary informed consent for the study.

Patients from the analyzed group were clinically exam-
ined on the day of therapy initiation, 4 weeks after they 
received the 1st medicine dose, and then every 12 weeks 
thereafter. The molecular analysis was performed paral-
lelly to the clinical analysis.

The  molecular analysis involved, first of  all, an  ex-
traction of  total RNA with the  use of  Fenozol (A&A 

Fig. 1. Diagram showing which patients were involved in the subsequent 
phases of the study

stage I of 40 weeks ustekinumab therapy – 14 patients (aged 49.3 ±10.2 years)

10 men 4 women

7 men 2 women

3 men 2 women

stage II of 40 weeks ustekinumab therapy – 9 patients (aged 50.1 ±7.64 years)

stage III of 40 weeks ustekinumab therapy – 5 patients (aged 52.8 ±7.98 years)
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Biotechnology, Gdańsk, Poland), according to the produc-
er’s recommendation. The next stage was connected with 
the amplification of genes (TNF-α, TNFR1 and TNFR2) 
in the presence of β-actin, as an endogenic control, based 
on the quantitative reverse-transcription PCR reaction 
(RT-qPCR). The  reaction was conducted with the  use 
of a pair of starters, specific for the sequences of each 
analyzed gene and the use of SYBR Green Quantitect 
RT-PCR Reagent Kit (Qiagen, Valencia, USA), according 
to producer’s recommendation.

The clinical analysis of the response to treatment was 
performed with the use of the following scales: PASI, DLQI 
and BSA. The  statistical analysis was performed with 
the licensed version of STATISTICA v. 12.0 PL (StatSoft, 

Inc., Tulsa, USA) and included the Shapiro–Wilk test, 
the Mann–Whitney U test, the Friedman’s analysis of vari-
ance (ANOVA), and the Spearman correlation. The sta-
tistical analysis was performed assuming the statistical 
gravity factor p < 0.05.

Results

The changes in the transcription activity of the genes 
analyzed during one stage of therapy using ustekinum-
ab and in the control group were presented in the form 
of the quantity of mRNA copies of a given gene, converted 
into 1 μg of total RNA (Table 1).

Table 1. TNF-α, TNFR1 and TNFR2 expression profiles in patients with psoriasis vulgaris treated with ustekinumab and the control group (number of mRNA 
copies per 1 μg RNA)

Stage of 
therapy

Time 
[weeks 

of therapy]

Before/
after

TNF-α TNFR1 TNFR2

median lower 
quartile

upper 
quartile median lower 

quartile
upper 

quartile median lower 
quartile

upper 
quartile

Control – – 600000 300000 1000000 200000 60000 500000 300 40 1000

I

0 before 3407975 499749 7662592 366589 59986 1986452 71 15 213

0 after 6027608 321856 49222471 2249138 815748 6864411 205 34 767

4 before 10908550 3161565 44516325 561627 155839 2184666 74 16 278

4 after 5733638 5292815 26745073 2117022 64335 3881999 318 59 1943

16 before 17453616 8902661 31385633 525608 55374 1626370 168 26 4545

16 after 25275607 14105295 35388972 1489566 118572 4818033 3334 74 8534

28 before 1889572 29263771 107209432 947764 6400335 17378728 193 918 11057

28 after 4293705 18846934 57529390 879275 7073464 45423569 285 782 16024

40 before 1157602 5085281 14371656 352167 1744295 5167842 49 847 11286

40 after 2500149 5564184 25853739 297111 362892 1735929 30 479 1653

II

0 before 883689 128266 1279348 417425 171418 901541 19 11 94

0 after 1462641 892571 14678007 1539796 13251 9359111 814 107 152034

4 before 171418 40210 3242518 359281 274 709177 147 33 199

4 after 248168 33923 695135 475376 268837 475376 921 158 2480

16 before 223566 11406 1006370 286526 19572 1090188 106 66 7088

16 after 2056333 306159 4205319 219837 54823 1626370 100 30 927

28 before 10481 1144 108213 9699 3721 54996 134 1 1178

28 after 30533 621 50608 4826 3505 14792 5 1 21

40 before 14363 505 39021 24220 57 50104 237 125 968

40 after 256583 55930 1779532 978475 193273 1180987 116 13 252

III

0 before 143632 36749 307124 480153 26239 2094882 593 363 1444

0 after 453617 89488 530652 285461 214 648139 54 0 82

4 before 76257 43996 840591 1923 260 2571 3 0 5

4 after 52673 10320 134842 14071 50 36981 3 0 4

16 before 117354 47661 358023 4717 1383 103363 87 0 225

16 after 1496530 274268 3697534 2252 17 19421 179 39 3463

28 before 0 0 0 0 0 3 0 0 17

28 after 0 0 10 0 0 0 126 0 12482

40 before 0 0 0 0 0 0 596 8 1184

40 after 0 0 0 0 0 0 0 0 0
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As far as the molecular analysis is concerned, it may be 
observed that in the group under study, before therapy 
commencement, at  stage  I and  II, the  TNF-α expres-
sion was higher than that of the control group; however, 
it changed during stage III. TNFR1 expression remained 
always higher in the study group when compared with 
the  control group, while TNFR2 is  subject to  overex-
pression when compared to  the  control, in  the  group 
of patients classified for stage III of therapy. A statisti-
cally significant difference in  the  TNF-α expression 
was observed between the  group examined at  stage  I 
of therapy and the control group (p = 0.011593). We also 
ascertained the occurrence of a statistically significant 
transcription activity of TNFR2 between the study group 
and the  control group during the  stage  II of  therapy 
(p = 0.032511). The TNFR1 expression in the study group 
is higher than that of the control group, whereas an in-
creased number of TNFR1 transcript copies was observed 
at the reclassification.

A higher quantity of TNFR1 receptor copies compared 
to those of TNFR2 is observed in the study group as op-
posed to the control group.

The  analysis of  changes in  the  expression profile 
of the analyzed genes before administration of another 
dose of ustekinumab and 2 h after its administration en-
abled us to note that the TNF-α expression basically in-
creased after medicine administration. A similar tendency 
was observed in the case of TNFR1 and TNFR2 receptors 
expression. However, during stage III of the classification 
for the anti-IL-12/23 therapy, it was observed that recep-
tor expression decreased after medicine administration 

when compared with the activity before administration 
of the next medicine dose.

The characteristics of the clinical parameters (PASI, 
DLQI and BSA) of therapy efficacy are presented in  Table 2. 
A gradual decrease of all 3 values of clinical parameters 
of the response to treatment during its duration could be 
observed. We also did not observe any increase in the val-
ues of the analyzed parameters between the subsequent 
inclusions to the anti-IL-12/23 therapy.

We established that the differences in the values of the in-
dividual clinical indices during a given therapy stage are 
statistically insignificant (stage I: PASI p = 0.00000; DLQI 
p = 0.00022; BSA p = 0.00028; stage II: PASI p = 0.02733; 
DLQI p  =  0.04773; BSA p  =  0.03875, stage  III: PASI 
p = 0.04206; DLQI p = 0.05756; BSA p = 0.24066 NS).

We noted several statistically significant (p < 0.05) cor-
relations (r) between the expression of the analyzed groups 
in a given moment of therapy and the clinical indices.

The  correlation between DLQI and the  expression 
of TNFR1 (r = 0.660578) and TNFR2 (r = 0.642229) may 
be observed during stage I in week 28. A correlation be-
tween TNFR2 and DLQI (r = 0.828571) and TNFR2 and 
BSA (r = 0.828571) is observed during stage II in the 4th 
week of anti-cytokine therapy. At the moment stage III 
of therapy was commenced (0 weeks), a statistically sig-
nificant correlation was observed between TNFR1 and 
DLQI (r = −0.900000) and TNFR1 and BSA (r = 0.900000), 
TNFR2 and BSA (r = 0.900000). After 4 weeks of stage III 
of the therapy, statistically significant correlations occured 
between TNF-α expression and BSA (−0.900000), as well 
as TNFR1 expression and DLQI (r = −0.894427).

Table 2. Characteristics of the disease progress clinical parameters (PASI, DLQI and BSA) in patients with psoriasis vulgaris during the anti-IL-12/23 therapy 
(ustekinumab)

Stage of 
therapy

Time 
[weeks 

of therapy]

PASI DLQI BSA

median lower 
quartile

upper 
quartile median lower 

quartile
upper 

quartile median lower 
quartile

upper 
quartile

I

0 24 27 15 21 23 16 60 65 28

4 15 17 24 10 19 54 33 39 56

16 8 11 14 6 10 17 23 44 55

28 4 7 9 8 10 16 11 14 34

40 3 6 9 7 8 10 6 9 22

II

0 20 14 23 20 18 24 42 39 53

4 8 5 11 13 8 16 22 75 27

16 3 1 6 10 5 12 8 3 27

28 3 1 11 7 5 12 8 3 37

40 3 1 4 6 3 9 6 4 9

III

0 13 12 33 22 18 23 32 27 49

4 10 10 11 10 10 11 34 23 43

16 5 3 7 10 6 10 13 8 18

28 3 2 4 10 3 10 15 14 20

40 3 3 4 5 4 5 6 6 7

PASI – Psoriasis Area and Severity Index; DLQI – Dermatology Life Quality Index; BSA – Body Surface Area.
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Discussion

In this study, we assessed the efficacy of pharmacother-
apy with the use of ustekinumab in patients with pso-
riasis vulgaris. The analysis was performed either based 
on the clinical indices of the disease progress stage (PASI, 
DLQI and BSA) or on a molecular analysis of the changes 
in the transcription activity of genes encoding TNF-α, 
TNFR1 and TNFR2. Fourteen patients with diagnosed 
psoriasis vulgaris were classified for the anti-IL-12/23 
therapy. The said group was divided into 3 subgroups, 
as the patients needed to be reclassified to the biological 
treatment. This was caused by the occurrence and dura-
tion of the remission stage in some patients. The control 
group was composed of 20 healthy volunteers who gave 
their informed consent for the study. The whole period 
of  the study within the  framework of  this work lasted 
120 weeks, and the clinical and molecular analyses were 
performed during each stage of the treatment for 40 weeks.

The degrees of psoriasis advancement and the quality 
of life during ustekinumab therapy were assessed at the be-
ginning of treatment, after 4 weeks and then every 12 weeks, 
which corresponded to the medicine administration sched-
ule. The PASI, BSA and DLQI indices were used to assess 
the clinical condition of the patients. In order to efficiently 
assess the efficacy of the treatment, it is extremely neces-
sary to use several scales of disease progress.23–25

Regarding the values of all 3 mentioned scales, a gradual 
decrease of their numerical values can be observed with 
the time of ustekinumab administration. This indicates 
that the applied anti-cytokine therapy is effective. Moreover, 
at the moment a given subsequent stage of anti-IL-12/23 
treatment was commenced, lower values of PASI and BSA 
were observed when compared to the previous stages (PASI: 
24 > 20 > 13; BSA: 60 > 42 > 32), and similarly in case of DLQI 
(21 > 20 < 22). This would indicate that, despite the neces-
sity to reclassify the patients for subsequent pharmaco-
therapy, their physical condition was better than before 
commencing the earlier stage of the anti-IL-12/23 medicine 
administration. This could suggest a long-term reduction 
of the inflammatory process. We were able to ascertain 
during our observation that there was a significant clinical 
improvement in the 40th week of the treatment (PASI = 3; 
BSA = 6; DLQI: 7 > 6 > 5), regardless of the therapy stage. 
Our observations show that the biggest difference between 
the values of PASI and BSA during stage I and II of the ther-
apy was observed as soon as after 4 weeks, and the greatest 
decrease of the values of ratios was noted between 4 and 
16 weeks after the treatment. Consequently, taking into 
account the whole period of the study, it may be stated that 
the efficacy of the anti-IL-12/23 therapy is actually not lower 
with regards to the specific stage of the therapy,1,8,13 and 
the period of clinical improvement seems to be extended.

The efficacy of the anti-IL-12/23 therapy was also ascer-
tained with regards to patients with psoriatic arthritis,26,27 
Crohn’s disease28 and inflammatory bowel disease.29

It is extremely important to take into account the DLQI 
parameter to assess the efficacy of the applied pharmaco-
therapy, since it enables us to assume a holistic approach 
towards psoriatic patients. This makes it possible to ob-
serve the manner in which the treatment affects patients’ 
self-esteem, performance of social roles, self-acceptance, 
and their reception by the social environment.22,30,31

The 2nd part of the work involved the possibility of us-
ing TNF-α, TNFR1 and TNFR2 expression as supplemen-
tary molecular markers to diagnose psoriasis vulgaris and 
assess the efficacy of the anti-IL-12/23 therapy. To this 
end, on the basis of the RT-qPCR methods, we evaluated 
the number of mRNAs of the gene in 1 µg of total RNA 
before administering the next dose of the medicine and 
2 h after its administration. Personalization of medicine 
and molecular biological tools make it possible to increase 
both the number and safety of personalized therapeutic 
strategies.10,32–34

It may be observed that in the group under study, be-
fore the initiation of therapy, at stage I and II, the TNF-α 
expression was higher than in the control group; how-
ever, it changed during stage III. The transcription ac-
tivity of  TNF-α during the  first 2  stages of  the  treat-
ment is compliant with the observations made by other 
researchers.35 The TNFR1 expression remained always 
higher in the study group when compared with the control 
group, while TNFR2 is subject to overexpression when 
compared to the control, in the group of patients classi-
fied for stage III of therapy. The statistical analysis of these 
2 groups showed 2 statistically important differences – for 
the TNF-α (p = 0.011593) and TNFR2 (p = 0.032511) tran-
scription profiles. We noted the changes in the expres-
sion profiles of the analyzed genes during our observa-
tions; however, they proved to be statistically insignificant 
(p > 0.05).

Moreover, changes in gene expressions are observed 
as early as after 2 h following medicine administration, 
which suggests its quick action and the possibility to ob-
serve the molecular changes.36,37

Olczyk-Kwiecień et al. indicated the possibility and use-
fulness of using changes in the TNF-α expression as a sup-
plementary molecular marker in patients with rheumatoid 
arthritis (RA).37 Additionally, Komatsu et al. on the basis 
of their own observations emphasized the possibility to use 
TNF-α to determine the degree of  lesion advancement 
in inflammatory bowel diseases,38 cardiovascular diseases 
and cancers.39,40

Our studies also suggest that it is possible to use the anal-
ysis of the expression profiles of the examined transcripts 
as supplementary molecular markers of the efficacy of pso-
riasis therapy. Reasons for this include the occurrence 
of statistically significant correlations between expression 
of the analyzed genes and the clinical indices of disease 
advancement. The possibility to combine the clinical and 
molecular parameters in diagnosing and assessing pso-
riasis is also confirmed by observations made by other 
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research groups. They also observed higher levels of cy-
tokine, which was analyzed by us in the group of psoriatic 
patients compared with healthy persons.35

The  molecular mechanism of  ustekinumab section 
is connected with its binding of the p40 subunit, common 
for IL-12 and IL-23, thus preventing the interleukins from 
interacting with the receptors. Consequently, the signal-
ing pathways activated by IL-12 and IL-23 are suppressed. 
Tumor necrosis factor α constitutes the main, final product 
of the JAK STAT signaling pathway, which is activated 
by IL-12 and IL-23. Consequently, we should expect lower 
expression of the analyzed gene under the influence of  anti- 
IL-12/23 therapy. We observed the complete suppression 
of the gene in the group of patients at the end of stage III 
of the treatment. The observed expression of the analyzed 
cytokine and its receptors, even during the anti-IL-12/23 
therapy, may result from the mechanism of ustekinum-
ab action. Ustekinumab hinders the bioactivity of IL-12 
and IL-23, preventing the p40 subunit from binding with 
IL-12Rβ1 receptor, which is found at the surface of the im-
mune system cells. For that reason, ustekinumab is not 
able to bind with IL-12/23 which have already interacted 
with IL-12Rβ1.1,13 The continuous expression of TNF-α 
may indicate the presence of a certain pool of IL-12/23 
that is not naturalized by ustekinumab. At the same time, 
the signaling pathways leading to TNF-α secretion are 
activated. Such observations are supported by the values 
of clinical parameters during pharmacotherapy, indicat-
ing an improvement. It must be noted that TNF-α shows 
activity that intensifies IL-12/23 secretion,17 leading to per-
manent inflammation.18–20

Conclusions

The obtained results of the clinical and molecular anal-
yses in patients with psoriasis vulgaris during the anti-
IL-12/23 therapy indicate the efficacy of ustekinumab. 
It also seems that TNF-α could serve as a supplementa-
ry molecular marker in the diagnostics of psoriasis and 
the evaluation of the efficacy and safety of anti-cytokine 
therapy. In light of our observations, anti-cytokine therapy, 
oriented on molecular objectives, may constitute an effec-
tive form of therapy in cases of psoriasis vulgaris.

When evaluating the  pharmacotherapy results, one 
should take into account the  scale of  disease clinical 
progression and the changes in the expression profiles 
of the analyzed genes.
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