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Patients suffering from psoriasis show many alterations with
respect to their immune system as documented by in vitro test
systems. In the present study we investigated the in vitro
production of interferons (IFN) of leukocytes from psoriatic
patients to stimulation with a variety of IFN inducers. Fur-
thermore, the lymphoproliferative responses were tested.
Whole blood cultures of 30 psoriatic patients showing mod-
erate to severe disease activity and 21 cultures from healthy
controls were stimulated with the mitogens PHA, ConA, and
PWM, with PPD and Tetanus Antigen as IFN y inducers and
with C. parvum, PolyI-PolyC, and Herpes simplex virus as

inducers of IFN «. Interferon activity was tested in the super-
natant of 48-h cultures by using an antiviral assay. Lympho-
proliferation was assayed in 5-d cultures in parallel. Psoriatic
patients showed a significantly decreased IFN production to
all the stimuli tested. There were no significant differences in
the lymphoproliferative responses; only the response to
PWM was slightly decreased. The decreased IFN production
by leukocytes from psoriatic patients seems to be very re-
markable since increased susceptibility to infections is not
generally known in these patients. | Invest Dermatol 90:511 -
514, 1988

ncreasing evidence suggests that abnormalities of the im-

mune system may be of major importance in the pathogen-

esis of psoriasis. Several authors report alterations of mono-

cytic and lymphocytic functions [1-6] as well as

abnormalities of humoral immunity [7,8]. Recently the pres-
ence of interferon in suction blister fluid from psoriatic lesions was
described [9]. Furthermore, PUVA treatment [10] as well as Goeck-
erman therapy [11] resulted in a significant increase of interferon in
serum and suction blister fluid from patients with psoriasis. Inter-
feron usually is induced by viruses. Therefore, it is of interest that at
least one group has presented evidence that retroviruses may play a
role in psoriasis [12,13]. Interferon represents a potent modulator of
several cellular functions [14]. Any alteration in the production of
these mediators, particularly any regarding the cellular components
of the immune system, might result in a disturbance of the immune
response [15]. We, therefore, investigated the production of inter-
ferons (IFN) in leukocyte cultures upon stimulation with a variety
of IFN « as well as IFN y inducers. The lymphoproliferative re-
sponses were tested in parallel.

MATERIALS AND METHODS

Patients and Controls The psoriasis group consisted of 30 pa-
tients (18 male and 12 female), exhibiting symptoms of plaque-type
psoriasis with moderate to severe disease activity. Neither control
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nor psoriasis subjects had received any medication (particularly local
and systemic steroid therapy, Goeckerman treatment, and therapy
with ultraviolet light) for at least 3 weeks prior to our studies. The
age and sex distribution for control and test subjects was not statisti-
cally different; further, there were no correlations between results
obtained and age or sex. The control group consisted of 21 (10 male
and 11 female) healthy blood donors.

Whole-blood Technique Measurements were performed as de-
scribed previously [16]. In brief, 10 ml of heparinized (50 units/ml)
blood was collected and immediately mixed at a ratio of 1:15 with
culture medium (RPMI 1640 supplemented with 2 mM glutamine,
100 units/ml penicilline, and 100 pg/ml streptomycine but with-
out additional serum). The white cell count was routinely deter-
mined in an automated particle counter. Furthermore, a differential
lymphocyte count yielded normal results in all instances. Because of
these findings the blood/medium ratio remained unchanged in all
experiments. For both the lymphoproliferative and the IFN tests,
the blood suspension was distributed in 0.9 ml aliquots into tubes to
which mitogens or antigens were added at the appropriate concen-
trations (see below) in aliquots of 0.1 ml. The contents of the tubes
were mixed and distributed into the wells of round-bottom 96-well
plates (Nunc, Wiesbaden, FRG) at aliquots of 0.2 ml for the lym-
phoproliferative test and 0.1 ml for the IFN test.

Lymphoproliferative Test After 5 days of incubation at 37°C
cells were labeled with the addition of *H-thymidine (1 £CI/well;
specific activity 25 Ci/mmol, Amersham Buchler, Braunschweig,
FRG) to the wells and incubated for an additional 4 h. The nonsolu-
ble radioactivity, precipitated on filter paper by using a harvesting
device (Skatron,-Norderstedt, FRG), was determined in a liquid
scintillation counter (LKB, Bromma, Sweden).

Interferon assay The Interferon assay was performed as described
previously [16,17]. In brief, the Interferon standard (human recom-
binant IFN 2, diluted to 10> IU/ml, Hoffmann La Roche, Bale,
Switzerland) and three-fold dilutions (1/3, 1/9, 1/27, etc.) of the
test samples were prepared in medium RPMI 1640, supplemented
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with 2% to 5% fetal calf serum and added to confluent monolayers
of human HEp-2 cells in 96-well plates (4 X 10* cells/well). The
plates were incubated for 24 h and the cells were washed twice
before they were infected with 200 ul versicular stomatits virus at
an m.o.i. of 1.0 (diluted in basal medium Eagle, Gibco Biocult,
Karlsruhe, FRG, supplemented with 2% FCS) and incubated for
another 48 h. Then they were fixed, stained, and evaluated for the
presence of the cytopathic effect. The antiviral activity, expressed in
IFN units, was calculated as the reciprocal of the highest dilution of
the sample, reducing the number of the viral plaques by 50%. One
laboratory unit of IEN is equivalent to 1 international unit of IFN.

In selected patients we have typed the interferon induced by the
different stimuli. The mitogens and the antigens exclusively in-
duced IFN y, and the IFN induced by C. parvum, Poly I-Poly C, and
HSV represented IFN « to the largest extent.

Mitogens and antigens The following mitogens were used:
Phytohemaglutinin, from Phaseolus vulgaris (PHA/Wellcome,
Burgwedel, FRG; 2,5 ug/ml); Concanavalin A (Con A/Pharmacia,
Freiburg, FRG; 5 ug/ml); and pokeweed mitogen (PWM/Gibco,
Wiesbaden, FRG; 1:500). The following additional stimulants
were used: Tuberculin derivative (PPD/Statens Serum institut, Co-
penhagen, Denmark; 10 ug/ml); C. parvum, a killed suspension of
bacteria (strain CN 6134, Wellcome, Burgwedel, FRG; 100 ug/
ml); Tetanus antigen (TET/Institute Merieux, Lyon, France;
10 pg/ml); and poly I-poly C (Serva, Heidelberg, FRG, 100 ug/
ml). Herpes simplex virus type I (HSV strain WAL, 107 phys. parti-
cles/ml) was prepared as described previously [18].

Serum IFN titers Sera from patients and controls were tested for
IFN activity as described above.

Statistical analysis Statistical evaluations were performed by
using the Mann-Whitney U-test.
RESULTS

The results of the in vitro IFN responses of psoriasis patients and
controls to three different mitogens (PHA, Con A, and PWM) and
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to the antigens PPD and tetanus inducers of IFN y are shown in Fig
1. The IFN response upon stimulation with C. parvum, poly I-poly
C, and HSV as IFN « inducers are presented in parallel. Psoriatic
patients showed a significantly decreased IFN production to all the
inducers of IFN y and IFN « tested.

The results of the in vitro lymphoproliferative responses of nor-
mal blood donors to the three mitogens (PHA, Con A, and PWM)
and to the antigens PPD, tetanus, and HSV are shown in Fig 2. The
same type of data is summarized for patients with psoriasis in paral-
lel. Only the response to PWM was found to be slightly reduced (p
<0.05). No significant difference could be detected upon stimula-
tion with the other stimuli tested. In addition, no significant serum
IFN levels were detected in the sera of patients and controls (data
not shown).

DISCUSSION

Our results clearly demonstrate a significantly decreased production
of IEN to all stimuli tested. The defect is not a result of decreased
proliferative capacity of lymphocytes, because the lymphoprolifera-
tive responses generally were found to be normal and in agreement
with previous reports [1,3]. A significantly decreased response could
only be detected after stimulation with PWM, which could be the
cause of the decreased immunoglobulin synthesis by PWM-stimu-
lated mononuclear cells from psoriatic patients [2]. However, there
are reports describing a decreased mitogenic response of peripheral
blood lymphocytes in psoriasis to stimulation with Con A [1,4].
Conflicting results may be caused by stimulation with a different
concentration of the mitogen or by testing patients in different
states of the disease and could be the effect of preceeding antipsori-
atic therapy [19], which was excluded in our study.

Decreased IFN production in the peripheral blood is in contrast
to increased levels of IFN y in suction blister fluid [9] which may be
the result of increased local IFN production. IFN y is produced by
activated T-cells [14]. HLA DR' dendritic cells, which were
present in the plaques from patients with active psoriasis, may di-
rectly activate T cells or may presentan as yet unknown antigento T
cells [20,21]. Since IFN y could also be detected in the blister fluids
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Figure 1. Interferon production of leukocytes from psoriatic patients and normal blood donors to stimulation with inducers of IFN & and . The closed
symbols represent values obtained from psoriatic patients (n = 30), and the open symbols are those from normal donors (n = 21). Medians are indicated as

horizontal lines.
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[11]aviral actiology of psoriasis could possibly be assumed, particu-
larly when regarding the finding of a retrovirus-like particle in the
patients [12,13]. However, IFN « as well as IFN y exerts an antipro-
liferative effect on cultured keratinocytes [22]. These in vitro results
are in contrast to the significantly increased proliferation of keratin-
ocytes in vivo.

As reported previously [10,11], clearing of the lesions in psoriasis
is associated with an increase of IFN in suction blisters and in the
serum of the patients. However, we were unable to detect any sig-
nificant serum IFN levels in psoriatic patients and in the control
subjects. Detectable serum IFN levels could be the result of preceed-
ing therapy. Differences could also be due to the methods applied.
‘We have no obvious explanation for this apparent disagreement at
present.

Increased levels of IFN in the peripheral blood and skin lesions
appear to be in contrast with a well-known hyperproliferation of
keratinocytes. However, a variety of different mediators triggering
immunologic and proliferative responses, which may be inducers
for the proliferation of keratinocytes in the disease exist. Interleukin
1 can stimulate the proliferation of human keratinocytes in vitro
[23,24]. However, Takematsu et al. [25] found a significantly di-
minished presence of IL-1 activity in scale extracts prepared from
skin specimens from psoriasis patients in comparison to horny tissue
extracts prepared either from normal skin or from noninnflamma-
tory skin. Since interleukin 1 production is regulated by a and #
interferons [26], a decreased production of interferon could be the
cause of reduced interleukin 1 levels in the skin of the patients.
However, there was no correlation between interleukin 1 produc-
tion and DNA synthesis in keratinocyte cultures from uninvolved
psoriatic skin [27].

The finding of a decreased interferon production might suggest
that exogenous interferons could be useful in inhibiting skin prolif-
eration in patients with psoriasis [28]. However, neither IFN « nor
IFN y had any effect on a DNA synthesis in psoriatic epidermis
following intralesional injection [29]. Furthermore, the in vivo ap-
plication of IFN e and IFN y did not support an essential role for
these mediators in the improvement of the disease [29-31].

Our results are in agreement with a previous report by Goan et al.
[32], who found a decreased production in IFN y by leukocytes from
psoriatic patients upon stimulation with the mitogen Con A. In
contrast, normal IFN values were measured with PHA or PWM as
IFN inducers. Differences could be due to distinct culture condi-
tions to generate IFN. Because we used whole blood cultures it
cannot be excluded at present that the decreased ability of leuko-
cytes to produce IFN in psoriatic patients may be caused by inhibi-
tory factors in the serum of the patients. These factors could inhibit
the interferon production of leukocytes at the cellular level. This
possibility will be tested in a further study.

Furthermore, it appears that the diminished production of IFN
might not be essential for the pathogenesis of psoriasis but rather
circumstances blocking the action of IFN. Possible explanations
could be the alteration of IFN receptors or the presence of inhibitory
factors that were recently found in sera of patients with psoriasis
[33].

Therefore, decreased production of interferon in psoriasis does
not necessarily have to be a primary event in the pathogenesis of the
disease. Rather, it may be the result of a complex regulatory process
triggered by the chronic inflammatory process in the skin of the
patients.

REFERENCES

1. Guilhou JJ, Meynadier J: Immunological aspects of psoriasis. Br J
Dermatol 95:295-301, 1976

Gu SQ, Ros AM, von Stedingk LV, Thyresson N, Wasserman J: T
lymphocyte subpopulations and pokeweed mitogen-induced immu-
noglobulin synthesis in vitro by mononuclear cells from psoriasis
patients. Int Arch Allergy Appl Immunol 66:372-381, 1981

Hopsu-Havu VK, Helander I: Cell-mediated autohypersensitivity in
psoriasis. Acta Derm Venereol 54:333-337, 1974

Krueger GG, Hill HR, Jederberg WW: Inflammatory and immune
cell function in psoriasis—a subtle disorder. J Invest Dermatol
71:189-194, 1978

Hunyadi J, Dobozy A, Kenderessy AS, Simon N: Suppressor function
of peripheral blood mononuclear cells in patients with psoriasis
vulgaris. J Invest Dermatol 75:217-218, 1980



514 KAPP ET AL

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Sauder DN, Bailin PL, Krakauer S: Suppressor cell defect in psoriasis.
Adv Exp Med Biol 121:299-305, 1979

Kapp A, Kemper A, Schépf E, Deicher H: Detection of circulating
immune complexes in patients with atopic dermatitis and psoriasis.
Acta Derm Venereol 66:121-126, 1986

Kapp A, Wokalek H, Schopf E: Involvement of complement in psoria-
sis and atopic dermatitis— measurement of C3a and C5a, C3 , C4
and C1 inactivator. Arch Dermatol Res 277:359-361, 1985

Bjerke JR, Livden JK, Degre M, Matre R: Interferon in suction blister
fluid from psoriatic lesions. Br J Dermatol 108:295-299, 1983

Diezel W, Waschke SR, Sonnichsen N: Detection of interferon in the

sera of patients with psoriasis, and its enhancement by PUVA treat-
ment. Br J Dermatol 109:549-552, 1983

Livden JK, Bjerke JR, Degre M, Matre R: The effect of Goeckerman
therapy on interferon in serum and suction blister fluid from patients
with psoriasis. Br ] Dermatol 114:217-225, 1986

Iversen OJ, Dalen AB: The major internal Protein, p 27, of a retrovi-
rus-like particle is expressed in blood lymphocytes from psoriatic
patients. Arch Virol 85:197-207, 1985

Iversen OJ, Rodahl E, Dalen AB: Rabbit antibodies against the major
internal protein of a retrovirus-like particle bind to epidermal cells in
psoriatic skin. Arch Virol 86:341-346, 1985

Kirchner H: Interferons, a group of multiple lymphokines. Springer
Semin Immunopathol 7:347-374, 1984

Kirchner H: The interferon system as an integral part of the defense
system against infections. Antiviral Res 6:1-17, 1986

Doldi K, Leroux M, Augustin R, Kirchner H, Kalden JR: Proliferation
and interferon production in whole blood samples and isolated lym-
phocytc preparations. J Interferon Res 5:55-64, 1985

Kirchner H, Kleinicke CH, Digel W: A whole-blood technique for
testing production of human interferon by leukocytes. J Immunol
Methods 48:213-219, 1982

Leroux M, Schindler L, Braun R, Doerr HW, Geisen HP, Kirchner H:
A whole-blood lymphoproliferation assay for measuring cellular
immunity against herpes viruses. ] Immunol Methods 79:251-262,
1985

Morison WL, Parrish JA, Block KJ, Krugler JI: Transient impairment
of peripheral blood lymphocyte function during PUVA therapy. Br
J Dermatol 101:391-397, 1979

Baker BS, Swain AF, Fry L, Valdimarsson H: Epidermal T lympho-
cytes and HLA-DR expression in psoriasis. Br ] Dermatol 110:555 —
564, 1984

21.

22.

23.

24.

25.

26.

27

28.

29:

30.

31.

32:

33,

THE JOURNAL OF INVESTIGATIVE DERMATOLOGY

Gottlieb AB, Lifschitz B, Fu SM, Staiano-Coico L, Wang Cy, Carter
DM: Expression of HLA-DR molecules by keratinocytes, and pres-
ence of Langerhands cells in the dermal infiltrate of active psoriatic
plaques. J Exp Med 164:1013-1028, 1986

Nickoloff BJ: Lymphocyte-keratinocyte interactions mediated
through interferon. New observations relevant to psoriasis. Cutis
34:445-446, 1984

Sauder DN, Stanulis-Praeger BM, Gilchrest BA: Autocrine growth
stimulation of human keratinocytes by epidermal cell-derived thy-
mocyte activating factor (ETAF): implications for cellular aging.
Arch Dermatol Res (in press)

Ristow HJ: A major factor contributing to epidermal proliferation in
inflammatory skin diseases appears to be interleukin 1 or a related
protein. Proc Natl Acad Sci USA 84:1940- 1944, 1987

Takematsu H, Suzuki R, Tagami H, Kumagai K: Interleukin-1-like
activity in horny layer extracts. Decreased activity in scale extracts of
psoriasis and sterile pustular dermatoses. Dermatologica 172:236-
240, 1986

Candler RV, Rouse BT, Moore RN: Regulation of Interleukin 1 pro-
duction by alpha and beta interferons: evidence for both direct and
indirect enhancement. J Interferon Res 5:179-189, 1985

Kragballe K, Marcelo CL, Voorhees JJ, Sauder DN: Formation of
epidermal cell thymocyte-activating factor (ETAF) from cultured

human keratinocytes from normal and uninvolved psoriatic skin. J
Invest Dermatol 88:8-10, 1987

Ringenberg QS, Anderson PC: Interferons in the treatment of skin
disease. Int ] Dermatol 25:273-279, 1986

Schulze HJ, Mahrle G: Effect of interferons (rIFN, -alpha 2, rIFN-
gamma) on DNA-synthesis and HLA-DR expression in psoriasis.
Arch Dermatol Res 278:416-418, 1986

Harrison PV, Peat M]: Effect of interferon on psoriasis. Lancet 2:457 -
458, 1986

Schulze HJ, Mahrle G: Gamma interferon and psoriasis. Lancet
2:926-927, 1986

Goan SR, Volk HD, Eichhorn I, Diezel W: Differences in interferon-
gamma response of psoriatic lymphocytes to stimulation with var-
ious mitogens. Biomed Biochim Acta 45:903-906, 1986

Volk HD, Koyka I, Goan SR, Gruner S, Fiebig H, Sonnichsen N,
Diezel W: Serum-mediated inhibition of the interferon-gamma-in-
duced HLA-DR expression on monoocytes in patients with psoria-
sis. J Invest Dermatol 87:524 -527, 1986





