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Abstract

Plasma levels of transforming growth factor (TGF)-B;, tissue inhibitors of metalloproteinases
(TIMP)-1, matrix metalloproteinase (MMP)-1 and interleukin (IL)-18 when analyzed
separately demonstrate an association with psoriasis severity and treatment efficacy. To
determine the highest correlation with the Psoriasis Area and Severity Index (PASI) score we
carried out an analysis of these four proteins combined as the TTMI score. Concentrations of
proteins were measured using an enzyme immunoassay in the plasma of 32 patients with
chronic plaque-type psoriasis. The concentration of each biomarker was multiplied by the
respective coefficient and the final individual TTMI score was the sum of these four values.
TGF-B;, TIMP-1 and I1.-18 demonstrated significant positive correlation, whereas MMP-1
demonstrated significant negative correlation with the PASI score. The TTMI score calculated
for individual patients varied from —79620 to 145713 (43050+8081) and demonstrated
significant correlation with the PASI score. The lowest TTMI mean value was observed in
patients with a PASI score <16 and the highest value was in patients with a PASI score >20.
The combined measurement of plasma TGF-B1, TIMP-1, MMP-1 and IL-18 has superior
value as a biomarker of psoriasis activity in comparison with their separate analysis.
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Introduction

Psoriasis is characterized by hyperproliferation of keratinocytes, which is under the
control of a network of regulatory substances released by inflammatory cells,
keratinocytes and dendritic cells in the inflammatory infiltrates (Krueger 2002).
Psoriasis activity can be related to an imbalance between stimulation and inhibition of
keratinocyte proliferation by these bioactive compounds. One of the most important
inhibitors of epithelial cell proliferation is transforming growth factor (TGF)-B;, a
strong stimulus for tissue inhibitors of metalloproteinases (TIMP), affecting the
activity of extracellular matrix metalloproteinases (MMP) responsible for collagen
degradation (Wataya-Kaneda et al. 1996, Furue et al. 1997, Wang et al. 1997, Leivo
et al. 1998, Flisiak et al. 2005). TGF-f; gene polymorphism may be important for the
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type of psoriasis (Baran et al. 2007). In contrast, the stimulatory effect on keratinocyte
hyperproliferation demonstrates interferon (IFN-y) produced by T and natural killer
cells as a result of stimulatory activity of interleukin (IL)-18 (Gillespie & Horwood
1998, Ohta et al. 2001). The source of I1.-18 is monocytes and macrophages, but in
the skin this cytokine is produced mostly by keratinocytes and acts as a proin-
flammatory cytokine promoting the infiltration of type 1 T cells into lesions
(Companjen et al. 2000, Kanda et al. 2007). As we demonstrated previously, plasma
levels of TGF-fB;, TIMP-1, MMP-1 and IL-18 when analyzed separately demonstrate
an association with psoriasis severity and treatment efficacy (Flisiak et al. 2002, 2005,
2006b). To determine the highest correlation with the Psoriasis Area and Severity
Index (PASI) score we carried out an analysis of the four proteins mentioned above
combined as a single biomarker.

Materials and methods
Patients

The study was carried out in 32 patients (10 females and 22 males) aged between
14 and 79 years (mean 41.5 +3.3), admitted to the Department of Dermatology and
Venereology, Medical University of Bialystok in 2006, because of exacerbation of
chronic plaque-type psoriasis. The disease duration varied from 2 to 36 years (mean
17.4+1.4) and duration of present relapse from 2 weeks to 6 months (mean 2.4 +
0.3 months). Patients with other forms of psoriasis, chronic diseases of liver, bowel,
kidney, joints and any other inflammatory chronic disease were excluded from the
study. Blood samples were collected before any treatment. Plasma levels of TGF-f,
TIMP-1, MMP-1 and IL-18 were analysed with respect to the PASI score and normal
values collected from 15 healthy controls with a mean age similar to that of the
patients. The study was approved by the Bioethical Committee of the Medical
University of Bialystok.

PASI score

A PASI score was calculated in all patients according to rules proposed by Fredriksson
and Pettersson (1978). The head, trunk, and upper and lower limbs were assessed
separately for erythema, infiltration and desquamation. The degree of severity of each
symptom in each body part was scored from O to 4. The area covered by lesions of a
particular body part was assigned a score from 0 to 6. The score for each of the four
body parts was obtained by multiplying the sum of the severity scores of the three
symptoms by the area score, then multiplied by the constant weighted value assigned
to a particular body part as follows: head, 0.1; trunk, 0.3; upper limbs, 0.2; and lower
limbs, 0.4. The sum of the scores of body parts gives the PASI.

Measurement of TGF-f8;, TIMP-1, MMP-1 and IL-18

Venous blood was collected on ice using vacutainer tubes with EDTA (ethylenedia-
minetetraacetic acid) and centrifuged at 1000g within 30 min of collection. Plasma
samples were additionally centrifuged at 10 000g for 10 min at 2-8°C for complete
removal of platelets, divided for further measurements and stored at —20°C.
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To activate latent TGF-B; to its immunoreactive form, samples were acidified with
mixture of 2.5 N acetic acid and 10 M urea and after incubation were neutralized by
adding of 2.7 N NaOH and 1 M HEPES (4-(2-hydroxyethyl)-1-piperazineethane-
sulfonic acid). Activated samples were diluted and assayed in duplicate using the
quantitative sandwich ELISA technique with recombinant human TGF-soluble
receptor type II as a solid phase precoated onto a microplate (Quantikine, R&D
Systems Inc., Minneapolis, MN, USA). For measurement of IL-18 plasma
concentrations samples were assayed with the quantitative sandwich ELISA technique
using two monoclonal antibodies against two different epitopes of human IL-18
precoated onto microtitre wells (Medical & Biological Laboratories Co. Ltd, Nagoya,
Japan). For MMP-1 and TIMP-1 measurement samples were incubated in microtitre
wells precoated with anti-TIMP-1 or anti-MMP-1 antibodies (Biotrak ELISA Kkit,
Amersham Pharmacia Biotech, Little Chalfont, UK). Any TIMP-1 or MMP-1
remaining in the microtitre wells after four cycles of washing and aspiration was
detected by peroxidase-labelled specific antibodies.

The optical density was read with a microtitre plate photometer Stat Fax 2100
(Alab, Warsaw, Poland) at 450 nm and concentrations of particular substances were
determined by interpolation from calibration curves prepared with standard samples
provided by the manufacturer.

Calculation of TTMI score

The main idea of the TTMI score was to assign a similar power of each substance
included into the examined panel of biomarkers. It was calculated with data obtained
from the analysis of plasma samples of healthy controls. For the purpose of this
calculation all values were expressed in pg ml~'. Mean concentrations of TGF-pB,,
TIMP-1, MMP-1 or IL-18 were divided by mean concentration of TGF-fB;. These
constant weighted values were assigned to particular biomarkers as follows: 1 for
TGF-B;, 60 for TIMP-1, -0.65 for MMP-1 and 0.011 for IL-18. A negative value was
assigned to MMP-1 because of negative correlation between the PASI score and
MMP-1 concentrations. Concentration of each biomarker measured in psoriatic
patients was multiplied by the respective coefficient and the final individual TTMI
score was calculated as the sum of these four values according to the following
formula:

TTMI score = Crgpg; + 60X Crpyp.y — 0.65xCyypy + 0.01 1%y g

Statistical methods

Values were expressed as the mean and standard error (+SE). The statistical
comparison of group means was calculated by a two-tailed Student’s z-test. For
correlation analysis, the Pearson product moment correlation was used and linear
regression performed. A value of p<0.05 was considered to be statistically significant.

Results

As demonstrated in Table I individual values of plasma TGF-$,, TIMP-1, MMP-1
and IL-18 concentrations in psoriatic patients varied significantly. Mean levels of
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Table I. Mean (+SE) concentrations of TGF-$;, TIMP-1, MMP-1 and IL.-18 in controls and patients with
psoriasis; minimal and maximal values in psoriatics are also provided.

Controls Psoriatic patients
Mean +SE Min Max Mean+SE Min Max
TGF-f; (pgml™") 18278+1613 9780 33420 18989+2128 5923 51527
TIMP-1 (pg ml~!) 1102000467000 786000 1555000 1176020497320 486 2812
MMP-1 (pg ml~ 1) 119004900 2100 14700 1901042800 0.1 81
IL-18 (pg ml~ 1Y) 206+32 23 442 370 +48* 86 1190
TTMI (score) 39796 +3997 13994 56 825 43050+8081 —79620 145713

*Statistically significant difference.

TGF-B; TIMP-1 and MMP-1 did not demonstrate statistically significant differences
in comparison to controls (Table I). In contrast, mean plasma levels of IL-18 were
significantly higher than normal (p =0.02). The PASI score varied from 10.2 to
24 (mean 18.1+0.7). TGF-B;, TIMP-1 and IL-18 demonstrated significant positive
correlation whereas MMP-1 demonstrated significant negative correlation with
PASI values (Table II). An analysis performed between analysed substances showed
no significant correlation except between TGF-f; and MMP-1 (r= —0.419;
p <0.001). Calculated for individual patients the TTMI score varied from —79
620 to 145713 (mean 43 050+8081). The lowest mean value (—14 837 +16 842)
was observed in patients with a PASI score <16 and the highest one (90 464 +10
487) in those patients with a PASI score >20 (Figure 1). Differences between the f
our groups with different levels of disease activity were statistically significant.
As shown in Figure 2 a significant positive correlation was demonstrated between
TTMI and PASI scores (r=0.719), which was much higher than demonstrated
between PASI and separately analysed measures (r values between 0.398 and 0.532)
(Table II).

Discussion

As we demonstrated previously, measurement in plasma of some bioactive substances
that are secreted by activated skin or inflammatory cells can be useful for assessment
of psoriasis activity. The first of these biomarkers is TGF-fB;, which is a potent
inhibitor of keratinocyte proliferation and differentiation (Kane et al. 1990, Wataya-
Kaneda et al. 1996, Furue et al. 1997, Wang et al. 1997). In this study and previous
studies we demonstrated its elevated plasma concentration in severe forms of

Table II. Correlations expressed as r values between TGF-B;, TIMP-1, MMP-1, IL-18 and the PASI score
and between particular analysed substances.

PASI IL-18 MMP-1 TIMP-1
TGF-B, 0.439* 0.183 —0.419*% 0.095
TIMP-1 0.518* 0.110 —0.174 -
MMP-1 —0.398* —0.147 - -
IL-18 0.532* - - -

*Statistically significant correlation.
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Figure 1. TTMI score in patients with different levels of psoriasis demonstrated through the PASI score.

psoriasis. A subsequent decrease after successful treatment indicates a role in the
pathogenesis of the disease (Flisiak et al. 2002, 2003). A possible reason for the
elevated TGF-pB; plasma level could be skin inflammation associated with disease
activity, which was supported by a significant correlation between TGF-B; concen-
tration in psoriatic scales and sedimentation rate as we previously demonstrated
(Flisiak et al. 2002). Another source could be the vascular expansion associated with
activation of endothelial cells and fibroblasts which are known as important source of
TGF-B; (Singer & Clark 1999, Oyama et al. 2000, Flisiak et al. 2003). The possible
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Figure 2. Correlation between the TTMI score and the PASI score.
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role of TGF-f, in the pathogenesis of psoriasis is related to inhibition of T-lymphocyte
adhesiveness to dermal microvascular endothelial cells, so reduction of its expression
and function may contribute to lymphocyte infiltration into psoriatic plaques (Cai et
al. 1996). TGF-; deficiency can also be a reason of insufficient keratinocyte growth
inhibition leading to hyperproliferation and enhanced psoriatic severity (Wang et al.
1997).

Since TGF-; is known as an inductor of TIMP-1, downregulation of this system
can be responsible at least in part for the hyperproliferation related to low TGF-,
expression. Some research has demonstrated TIMP-1 overexpression in psoriatic
lesions and its elevated levels in serum (Myers et al. 2004, Flisiak et al. 2005, 2006a).
TIMP-1 overexpression causes inhibition of MMP activity and as a consequence
decrease of collagen degradation. Since vascular endothelial growth factor (VEGF)
demonstrates correlation with some MMPs, this effect can also be associated with
inhibition of angiogenesis (Simonetti et al. 2006). As we showed previously and
confirmed in this study plasma concentrations of TIMP-1 demonstrate a significant
positive correlation whereas MMP-1 demonstrate a significant negative correlation
with the PASI score (Flisiak et al. 2006a). Additionally we demonstrated elevated
concentrations of MMP-1 in scales from psoriatic lesions, but levels decreased in
patients with a more severe form of the disease. A similar effect was also observed with
respect to concentrations of TIMP-1 in psoriatic scales, with the opposite tendency
regarding plasma TIMP-1 levels (Flisiak et al. 2006a). Thus, severe forms of psoriasis
were associated with a deficiency of the TIMP-1/MMP-1 complex in superficial skin
layers and higher TIMP-1 levels in plasma. An increase in plasma TIMP-1
concentration is probably a result of TGF-f; stimulatory effect and competitive
binding of TIMP-1 may be responsible for decreased plasma MMP-1 levels. This
opposite activity of TGF-B; and MMP-1 has recently been confirmed through the
effect of NB-UVB irradiation decreasing synthesis of type I collagen in human skin
fibroblasts by inhibiting TGF-; expression and stimulating the release of MMP-1
(Choi et al. 2007).

IL-18, in addition to its proinflammatory activity through its ability to enhance the
production of IFN-y, chemokine CXCL10/IP-10 and upregulation of MHC II, also
has a stimulatory effect on keratinocyte hyperproliferation (Wittmann et al. 2005). IL-
18 and its mRNA were demonstrated in human keratinocyte cultures (Naik et al.
1999, Mee et al. 2000, Kanda et al. 2007). According to Companjen et al. (2004)
expression of I1.-18 is more prominent in active lesions of psoriasis, than in established
psoriatic lesions. Moreover IL-18 can be involved in psoriasis activation related to a
stress reaction (Park et al. 2005). According to the present data, our previous research
and the results of other investigators, the plasma concentration of IL-18 is elevated in
psoriatic patients, and demonstrated significant positive correlation with the disease
activity (Arican et al. 2005, Flisiak et al. 2006b).

All substances measured in this study can serve separately as biomarkers of psoriasis
activity because they correlate significantly with the PASI score. However, when
combined, their value as a biomarker is much higher, as is shown by an r-value
exceeding 0.7. In conclusion, we assume that the combined measurement of plasma
TGF-B;, TIMP-1, MMP-1 and IL-18 has superior value as a biomarker of psoriasis
activity in comparison to the separate analysis of these substances involved in psoriasis
pathogenesis.

RIGHTES



Biomarkers Downloaded from informahealthcare.com by Hacettepe Univ. on 11/18/12
For personal use only.

Plasma TGF-B;, TIMP-1, MMP-1 and IL-18 as combined biomarker for psoriasis 555

References

Arican O, Aral M, Sasmaz S, Ciragil P. 2005. Serum levels of TNF-alpha, IFN-gamma, IL-6, IL-8, I1.-12,
IL-17, and IL-18 in patients with active psoriasis and correlation with disease severity. Mediators of
Inflammation 24:273-279.

Baran W, Szepietowski JC, Mazur G, Baran E. 2007. TGF-beta(1) gene polymorphism in psoriasis vulgaris.
Cytokine 38:8-11.

Cai JP, Falanga V, Taylor JR, Chin YH. 1996. Transforming growth factor-beta receptor binding and
function are decreased in psoriatic dermal endothelium. Journal of Investigative Dermatology 106:225—
231.

Choi CP, Kim YI, Lee JW, Lee MH. 2007. The effect of narrowband ultraviolet B on the expression of
matrix metalloproteinase-1, transforming growth factor-betal and type I collagen in human skin
fibroblasts. Clinical & Experimental Dermatology 32:180-185.

Companjen AR, Van der Velden VH, Vooys A, Debets R, Benner R, Prens EP. 2000. Human keratinocytes
are major producers of IL-18: predominant expression of the unprocessed form. European Cytokine
Network 11:383-390.

Companjen A, Van der Wel L, Van der Fits L, Laman ], Prens E. 2004. Elevated interleukin-18 protein
expression in early active and progressive plaque-type psoriatic lesions. European Cytokine Network
15:210-216.

Flisiak I, Chodynicka B, Porebski P, Flisiak R. 2002. Association between psoriasis severity and
transforming growth factor betal and beta2 in plasma and scales from psoriatic lesions. Cytokine
19:121-125.

Flisiak I, Porebski P, Flisiak R, Chodynicka B. 2003. Plasma-transforming growth factor betal as a
biomarker of psoriasis activity and treatment efficiency. Biomarkers 8:437-443.

Flisiak I, Mysliwiec H, Chodynicka B. 2005. Effect of psoriasis treatment on plasma concentrations of
metalloproteinase-1 and tissue inhibitor of metalloproteinases-1. Journal of European Academy of
Dermatology & Venereology 19:418-421.

Flisiak I, Porebski P, Chodynicka B. 2006a. Effect of psoriasis activity on metalloproteinase-1 and tissue
inhibitor of metalloproteinase-1 in plasma and lesional scales. Acta Dermato-venereologica 86:17-21.
Flisiak I, Klepacki A, Chodynicka B. 2006b. Plasma and scale levels of interleukin 18 in comparison with

other possible clinical and laboratory biomarkers of psoriasis activity. Biomarkers 11:194-200.

Fredriksson T, Pettersson U. 1978. Severe psoriasis — oral therapy with a new retinoid. Dermatologica
157:238-244.

Furue M, Kato M, Nakamura K, Nashiro K, Kikuchi K, Okochi H, Miyazono K, Tamaki K. 1997.
Dysregulated expression of transforming growth factor beta and its type-I and type-II receptors in basal-
cell carcinoma. International Journal of Cancer 71:505-509.

Gillespie MT, Horwood NJ. 1998. Interleukin-18: perspectives on the newest interleukin. Cytokine and
Growth Factors Review 9:109-116.

Kanda N, Shimizu T, Tada Y, Watanabe S. 2007. IL-18 enhances IFN-gamma-induced production of
CXCL9, CXCL10, and CXCLI11 in human keratinocytes. European Journal of Immunology 37:338—
350.

Kane CJ, Knapp AM, Mansbridge JN, Hanawalt PC. 1990. Transforming growth factor-beta 1 localization
in normal and psoriatic epidermal keratinocytes in situ. Journal of Cell Physiology 144:144-150.

Krueger JG. 2002. The immunologic basis for the treatment of psoriasis with new biologic agents. Journal of
the American Academy of Dermatology 46:1-23.

Leivo T, Leivo I, Kariniemi AL, Keski-Oja J, Virtanen I. 1998. Down-regulation of transforming growth
factor-beta receptors I and II is seen in lesional but not non-lesional psoriatic epidermis. British Journal of
Dermatology 138:57-62.

Mee ]B, Alam Y, Groves RW. 2000. Human Kkeratinocytes constitutively produce but do not process
interleukin-18. British Journal of Dermatology 143:330-336.

Myers A, Lakey R, Cawston TE, Kay L], Walker DJ. 2004. Serum MMP-1 and TIMP-1 levels are increased
in patients with psoriatic arthritis and their siblings. Rheumatology 43:272-276.

Naik SM, Cannon G, Burbach GJ, Singh SR, Swerlick RA, Wilcox JN, Ansel JC, Caughman SW. 1999.
Human keratinocytes constitutively express interleukin-18 and secrete biologically active interleukin-18
after treatment with pro-inflammatory mediators and dinitrochlorobenzene. Journal of Investigative
Dermatology 113:766-772.

Ohta Y, Hamada Y, Katsuoka K. 2001. Expression of II.-18 in psoriasis. Archives of Dermatological
Research 293:334-342.

RIGHTES



Biomarkers Downloaded from informahealthcare.com by Hacettepe Univ. on 11/18/12
For personal use only.

556 I. Flisiak et al.

Oyama N, Iwatsuki K, Satoh M, Akiba H, Kaneko F. 2000. Dermal fibroblasts are one of the therapeutic
targets for topical application of 1lalpha,25-dihydroxyvitamin D3: the possible involvement of
transforming growth factor-beta induction. British Journal of Dermatology 143:1140-1148.

Park HJ, Kim H]J, Lee JH, Lee JY, Cho BK, Kang JS, Kang H, Yang Y, Cho DH. 2005. Corticotropin
releasing hormone (CRH) downregulates interleukin-18 expression in human HaCaT keratinocytes by
activation of p38 mitogen-activated protein kinase (MAPK) pathway. Journal of Investigative Dermatol-
ogy 124:751-755.

Simonetti O, Lucarini G, Goteri G, Zizzi A, Biagini G, Lo Muzio L, Offidani A. 2006. VEGF is likely a key
factor in the link between inflammation and angiogenesis in psoriasis: results of an immunohistochemical
study. International Journal of Immunopathology & Pharmacology 19:751-760.

Singer AJ, Clark RAF. 1999. Cutaneous wound healing. New England Journal of Medicine 341:738-746.

Wang X]J, Greenhalgh DA, Bickenbach JR, Jiang A, Bundman DS, Krieg T, Derynck R, Roop DR. 1997.
Expression of a dominant-negative type II transforming growth factor beta (TGFbeta) receptor in the
epidermis of transgenic mice blocks TGFbeta mediated growth inhibition. Proceedings of the National
Academy of Sciences U S A 94:2386-2391.

Wataya-Kaneda M, Hashimoto K, Kato M, Miyazono K, Yoshikawa K. 1996. Differential localization of
TGF-Obeta precursor isotypes in psoriatic human skin. Journal of Dermatological Science 11:183-188.

Wittmann M, Purwar R, Hartmann C, Gutzmer R, Werfel T. 2005. Human keratinocytes respond to
interleukin-18: implication for the course of chronic inflammatory skin diseases. Journal of Investigative
Dermatology 124:1225-1233.

RIGHTES

Wy



