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EVALUATION OF SYSTEMIC IMMUNOLOGICAL FACTORS 
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Ab.,·tract. Systemic immunological parameters were 
monitored in 26 polymorphous light eruption (PMLE) pa­
tients prior to. <luring and after photochemotherapy by 
either an oral or topical (bath) regimen. Pre-therapy in­
vestigations showed a normal immune status as regards 
the numbers of peripheral T-cells as well as the response 
of peripheral blood lymphocytes lo PHA, ConA and 
PPD. Measurement of the immunological parameters after 
four PUV A exposures revealed a statistically significant 
increase in the lymphocyte PHA responses. After the 
completion of a PUVA course of some 20 irradiations. 
normalized PHA responses were found. The total lympho­
cyte count increased slightly during the treatment bur the 
relative numbers of T- and B-cells changed very little. The 
immunological changes observed were of only moderate 
strength and it remains doubtful whether they play any 
major rote in the hyposensitizing effect of PUVA irradia­
tions in PMLE. 
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Psoralen photochemotherapy (PUVA) is effective 
in some skin disorders with a possible auto-immune 

or allergic etiology, e.g. lichen planus ( 19). atopic 

dermatitis ( 16). and polymorphic light eruption 

(PMLE) (8). UV-irradiation has distinct effects on 

the immune system of both experimental animals 

and man (5). Recent studies have shown that PU VA 

treatmenl may affect the peripheral lymphocytc 

population and the general immune statu� of the 

treated patient ( 17). Little is known, however. about 

the possible intluence of PUVA treatmenl on the 

immune status of patients with allergic disorders. 

This paper reports the results of immunological 

studies in 26 PMLE patients treated with either 

systemic or topical PUV A. 

MATERIAL AND METHODS 

Phot,1che111otherapy 

Twenty-six patients with long-standing, recurring poly­
morphic light eruptions were included in the study. Thir-

teen of the patients received oral methoxsalen (0.6 mg/kg) 
2 hours before irradiation, and the other 13 patients were 
bathed for JO min in a trioxsalen-water solution (50 mg/ 
150 1) immediately prior to irradiation. The details of the 
diagnostic criteria. patient characteristics, PUVA dosages 
and clinical results have been given in an earlier report 
( 11). 

Lymphcn·_vte s11bpop11/atio11s 

These were determined in the 13 orally treated patients. 
Heparinized (50 U/ml) venous blood was obtained from 
each subject between 8 and t0 a.m. Blood samples were 
taken before starting PUVA treatment (sample I), 24-48 h 
after the 4th PUVA exposure (sample II) and 24-72 h afler 
the last PUV A treatment, i.e. after I 3 to 42 (mean 22) 
exposures (sample I Il). The mononuclear cells were iso­
lated on a Ficoll-Isopaque (Pharmacia Fine Chemicals, 
Uppsala, Sweden) density gradient (2) and washed twice 
with Hanks' balanced salt solution. All washes were per­
formed at 22°C. After the washes, more than 95 % of cells 
were mononuclcar. and their viability exceeded 90% as 
determined by the trypan blue (0. 25 %) exclusion test. 

T-lymphocytes were estimated by an E-rosette test ac­
cording co Jondal el al. (12). The number of suppressor 
cells was estimated by measuring the numbers of theo­
phylline-sensitive E-rosetting cells (E"-RFC) (21). Surface 
immunoglobulin (Smlg) positive cells were dctermined 
as described by Pettersson et al. (20). 

Lymphocyte rra11.�/imnario11 

The samples from orally treated patients and the samples 
from patients treated with balh PU VA were analysed in 
two different laboratories. but thc time schedules for 
blood sampling were always as described earlier (samples 
1-111). Heparinized whole blood from patients in the oral
PUVA series was diluted I: 7 with RPMl 1640 (Grand
Island Biological Co .. Grand Island. N.Y.) and used for
lymphocyte stimulation as described earlier (4) with
slight modifications. In brief, 175 µI of a blood-RPMI
mixture was placed in the flat-bottom wells of a micro­
titre plate (Micro Test Il. Falcon Plastics, Oxnard, Calif.).
Thereafter, the mitogens in 25 µI of RPMI were added 10
the chosen wells. Control cultures received 25 µI of plain
medium. The final concentrations of phytohemagglutinin
(PHA M; Difco Laboratories, Detroit. Mich.) were 25. 125
and 625 µg/ml. those of concanavalin A (ConA; Pharmacia
Ltd, Uppsala, Sweden) were 5. 25 and 125 µg/ml and those
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Table I. Ejfecr of oral merlwxsale11 phoroche11101hernpy 011 /_1·111p/,ocyre s11bpop11lario11s i11 Pl'v!LE p11tie111s 

T-lymphocytes
Lymphocytes 

Sample Total E-RFC (%) 

(11=9) 2 5 10'' I 548 61.4 
±339 ±404 ± I 1.4 

Il (11= I I) 3 013 I 957 63.9 
±723 ±700 ±10.7 

111 (11= I Il 2 057 I 264 60.4 
±894 ±649 ±8 0  

Controls 2 826 I 857 66.3 
(11 = I 3) ±976 ±610 ±6.0 

" Mean ± SD. 

of purified protein derivative of luberculin (PPD; Statens 
Seruminstitut. Copenhagen. Den mark) were 0.0 I. I and 
100 µg/ml. The total incubation time for PHA and ConA 
stimulated cultures was 96 h. and lha1 for PPD. 120 h. 
Eighteen hours before harvesting. 20 µI of '"1-labelled 5-
iodo-2' -deoxyuridine ('"I UdR) (0.25 µCi. sp. act. 90-
110 mCi/mg, The Radiochemical Centre. Amersham. Eng­
land) was added to each well. togelher with 5-fluoro-2'­
deoxyuridine in order lo increase the uptake of 12'1 UdR 
(I). The resuhs were expressed as counts per minute. All 
counts have been corrected 10 the reference day of 
"·'I UdR. The statistical significance of any differences be­
tween responses before. during and after PUVA 1herapy 
were analysed by paired Wilcoxon test. 

In patients treated with the bath PUVA regimen. the 
proliferative responses of lymphocytes to PHA and PPD 
were measured with a modificd whole-blood culture 
method. Heparinized vcnous blood was dilu1ed I: 12 with 
RPMI 1640 culture medium. supplcmcntcd with !Oo/c 

pooled human serum from heailhy males. and distributed 
on microlitre plales. 150 µI per well. PHA and PPD were 
added in 50 µI of medium 10 obtain a final concentration 
of 15 µg/ml and 10 µg/ml. respectivcly. Thcse were con­
centrations that generally gave maximal stimulations in 
preliminary tests. Cultures for PHA responses were in­
cubated for 72 h and those for PPD responses for 144 h 
al 37°C in 5 % humified CO, atmosphere. 24 hours before 
the 1crmination of culture,. 3H-thymidine (Radiochemical 
Ccntrc. Arner\ham. England) was adJcd (final concen1ra-
1ion 2 µCi/ml). Microtilre plate cullures were harvested 
on fibrc glas5 filters. and the harvested material solubilized 
(Soluene 350 containing 10% wa1er) prior 10 liquid scintil­
lation counting. Median responses of triplicate cullure, 
were used to calcula1e specific responses lo PHA and PPD 
(median response of qimulated culture minus median 
rcsponsc of unstimulated cullure). Differences between 
responses before. during and after the treatment were 
analysed by paired Wilcoxon 1es1. 

RESUL TS 

Ly111phucy1e s11bp11p11/a1io11s 

The results of the lymphocyte subpopulation esti­
mations are shown in Table I. Neither the 1otal 
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B-lymphocytes

E,,-RFC (%) Smlg (%) 

817 32.9 200 9.2 
±257 ± 10.9 ±93 ±4.6 
I 124 36.4 25 9 8.8 
±557  ± 10.7 ± 143 ±4.8 

718 34.6 175 8. 6
±396 ±10.I ±73 ±2.2 

819  33.4 222 8.2 
±494 ±Il. I ±83 ±2.8 

numbers of T-lympho<.:ytes (E-RFC) and B-lympho­

cytes (Smlg-positive cells) nor the number of sup­
pressor T-lymphocytes (E,,-RFC) differed signif­

icantly between the patients and normal controls 

before treatment. Du ring PU VA thcrapy a non­
significant increase in the absolute number of total 

lymphocytcs was observed, but the relative num­

bers of T- and B-cells changed very little. 

ly111phocy1e lm11sfor111a1io11 

The results from the lympho<.:yte stimulation tests 

of the orally treatcd patients (patient group A) are 

given in Fig. I. and those of the balh-PUVA pa­
tients (patient group B) in Fig. 2. In both patient 

groups. normal pretreatment values for PHA re­
sponsc werc obtained. but a statistically significant 
(p<O.O I) rise in the PHA response was seen in the 

blood sample taken after the 4th PUVA exposure 

(Figs. I and 2). This incrcasc was recorded in 12 of 

the 13 group B patients and in 6 out of 8 group Apa­

tients (5 patients not assayed). By the completion of 

the PUV A course (Sample 111) the PHA responses 

had returned to pretreatment values (Figs. I and 2). 

In patient group A. responses to ConA were nor­

mal both before and du ring the treatment, but 

showed a �light non-significant decrease at the end 

of the treatment. 
In both patient groups a normal PPD response 

was recorded prior to PU VA thernpy (Figs. I and 2). 

The results obtained during treatment differed in 
thc two patient groups. A significant (p<0.05) de­
crease was found afler the 4th PU VA exposure in 
patient group A. while the opposite was true for pa­

tient group B (p<0.05). PosHreatment values for 

group A werc not statistically significantly different 

from starting valucs. while the PPD responses in 
group B were still abnormally high (p<0.05). 
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'-------PATIENTS-----' Fig. I. Lymphocyte transformation by different concentra­tions of PHA. ConA and PPD before. during. and after oral methoxsalcn plus UY A 1reatment (patient group A). Mean ± SO '"1-UdR incorporations are given. The sym­bols x-x, •-• and 0-0 ref er to PHA concentrations of 25, 125 and 625 µg/ml. ConA concentrations of 5, 25 and 125 µ.g/ml, and PPD concentrations of 0.01. I and I 00 µg/ml. respectively. 
DISCUSSION PM LE is considered to represent a delayed-type hypersensitivity rcaction. although the putative irracliation-inducecl cutaneous allergen has not been iclentified ( 10). The pretreatment immunological in­vestigations in the present study indicate that clear­cut abnormalities in lymphocyte subpopulation counts or stimulation responscs cannot be demon­strated in PMLE patients, at least not in the clini­cally inactive stages of the diseasc. These results are in agreemenl with and extend the findings of Jung & Bohnerl (13) and Menter et al. (15) who describcd normal lymphocyte PHA responses in pa­tienb wich PMLE and actinic reticuloid, respec­tively. In previous studies both increased (7. 9) and de­creased (3. 9) T-cell counts have been reported <lur­ing and after PUVA therapy in psoriatic patients and healthy controls. Studies on T-lyrnphocyte subpopulations du ring PU VA treatment of psoriasis 
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L___ PHA-----' L___ P P D______J Fii::. 2. Lymphocyte transformation by 15 µ.g/ml of PHA and 10 µ.g/ml of PPD before, du ring and after topical (bath) trioxsalcn plus UVA treatment (patient group B). Yalues of each individual patient are given. 
have shown decreased numbers of helper T-cells ( 17) and either decreased (7) or normal ( 17) numbersof suppre:s:sor T-cells. Our results 5howed a non­significant increase <luring and decrease after the treatment in the total lymphocytc count with vcry small changes in the relative numbers of T- and B­cells (Table I). The major positive finding of the present study was lhe statistically significant rise in PHA re­sponses recorded after the 4th PUVA exposure. though not after some 20 exposures. Although in vitro studies have shown decreased responses of lymphocytes to PHA after psoralen and UVA ( 14), previous studies with normal controls ( 18) and psoriatic patients (6. 23) have shown normal PHA responsiveness both after single exposures and after about 15-20 exposures of PU VA. As an in­creased PHA responsiveness in the present study was found both in the orally medicated and in the psoralcn bath treated patient group, the effect is probably linked to a true photochemotherapeutic action of the treatment and not, for examplc. to a 
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mere systemic effect of the psoralen drug. as only 

minute amounts of the psoralen are absorbed 

through the skin during the 10-min bathing pro­

cedure (22). 

The increased responsiveness to PPD <luring 

local PU VA treatment might be coincidental, as it 

could not be shown in systemic PUVA. Even in 

local PUVA the increase was not significant when 

expressed as an index (observed values compared 

with responses of 3 control subjects on each day}. 

In comparison, the increase PHA responsiveness 

was significant (p<0.01) even when expressed as 

an index. 
Taken together, the results of this study indicate 

that the systemic immunological effects of photo­

chemotherapy in PMLE are of moderate strength 

and of short duration, and no harmful long-term 

effects on immune parameters were detected. Our 

study also rather supports the view that systemic 

irnrnunological factors do not play any decisive role 

in the process or PUVA hyposensitization in PMLE. 

REFERENCES 

I. Asantila, T. & Toivanen, P.: Potentiation by fluoro­
dex-uridine of ""I-deoxyuridine uptake by human and 
chicken lymphocytes in the quantitation of mitogenic
response. J lmmunol Methods 6: 73, 1974.

2. 80yum. A.: Isolation of mononuclear cells and granu­
locytes from human blood. Scand J Lab lnvcst 21: 
77, 1968.

3. Cormane, R. H., Hamerlinck, F. & Siddiqui, A. H.:
lmmunologic implications of PUVA therapy in psoria­
sis vulgaris. Arch Dermatol 265: 245. 1979.

4. Eskola, J., Soppi. E., Viljanen, M. & Ruuskanen. 0.:
A new micro-method for lymphocyte stimulation using
wholc blood. lmmunol Commun4:297, 1975.

5. Fox, I. J., Perry, L. L.. Sy, M.-S., 8enacerraf. B. &
Greene, M. I.: The influence of ultraviolet light ir­
radiation on the immune system. Clin Immunol lm­
munopathol /7; 141. 1980.

6. Fräki, J. E., Eskola, J. & Hopsu-Havu. V. K.: EtTect
of 8-methoxypsoralen plus UV A (PUV A) on lympho­
cyte transformation and T cells in psoriatic patients.
Br J Dermatol /00: 543, I 9'79. 

7. Guilhou. J. J., Clot. J .. Guillot, 8 .. Andary, M. &

Meynadier, J.: lmmunological aspects of psoriasis.
IV. Presence of circulating immune complexes in pa­
tients before and after PUV A therapy; correlations
with T-cell markers. Br J Dermatol /02: 173. 1980.

8. Gschnait, F., Hönigsmann, H., Brenner, W., Fritsch.
P. & Wolff, K.: lnduction of UV light tolerance by 
PUVA in patients with polymorphous light eruption.
8r J Dermatol 99: 293, 1978.

9. Haftek, M., Glit'iski, W., Jabloriska, S. & Obalek, S.:

Dermatouener (Stockholm) 62 

T lymphocyte E roselte function during photochemo­
therapy (PUVA) of psoriasis. J Jnvcst Dermatol 72: 

214. 1979.
10. lansen, C. T. & Hclander. I.: Cell-mediated immunity

in chronic polymorphous light eruptions. Leukocyte
migration inhibition assay with irradiated skin as anti­
gen. Acta Dermatovener (Stockholm)56: 121. 1976.

I 1. Jansen. C. T .. Karvonen, J. & Malmihaiju, T.: PUVA 
therapy of polymorphous light eruptions: Comparison 
of systemic methoxsalcn and topical trioxsalen regi­
mens and evaluation of local protective mechanisms. 
Acta Dermatovener (Stockholm)62: 317, 1982. 

12. Jondal, M., Holm, G. & Wigzell. H.: Surface markers
on human Tand 8 lymphocytes. I. A large population
of lymphocytes forming non-immune rosettes with
sheep red blood cells. J Exp Med /36: 207, 1972.

13. Jung. E. E. & 8ohnen, E.: Chronische polymorphe
Lichtdermatose. Untcrsuchungen an Lymphocyten
in vitro. Dermatologica /48: 209, 1974.

14. Kruger, J. P., Christophers, E. & Schlaak, M.: Dose­
effects of 8-methoxypsoralen and UV A in culturcd
human lymphocytes. 8r J Dermatol 98: 141. 1978.

15. Mentcr, M. A., McKerron, R. A. & Amos, H. E.:
Actinic reticuloid: an immunological investigation
providing evidence of basement membrane damage.
Br J Dermatol 90: 507. 1974.

16. Morison, W. L., Parrish, J. A. & Fitzpatrick, T. 8.:
Oral psoralen photochemotherapy of atopic derma­
titis. Br J Dermatol 98: 25, 1973.

17. Morison, W. L., Parrish, J. A., Moscicki, R. & Bloch.
K. J.: Abnorma! lymphocyte function following long­
term PUVA therapy for psoriasis. J Invest Dermatol
76: 303, 1981.

18. Morison, W. L., Parrish, J. A., Bloch, K. J. & Krug­
ler. J. I.: In vivo effects of PUVA on lymphocyte
function. Br J Dermatol /04: 405, 1981.

19. Ortonne. J. P., Thivolet, J. & Sannwald, C.: Oral
photochemotherapy in thc treatment of lichen planus.
Br J Dermatol 99: 77. 1978.

20. Petterson, D., Mellstedt, H. & Holm. G.: lgG on 
human blood lymphocytes studicd by immuno­
tluorescence. Scand J lmmunol 8: 535, I 978.

21. Shore, A., Dosch, H. M. & Gelfand, E. W.: lnduc­
tion and separation of antigen dependent T helpcr and
T suppressor cells in man. Nature 274: 586. 1978.

22. Väätäinen. N. & Taskinen, J.: Penetration of triox­
salen into skin from trioxsalen baths. Arch Dermatol
Res 270: 157, 1981.

23. Wassilew, S. W.: Stimulation of lymphocytes in pa­
tients with psoriasis under photochemotherapy. A
study of lymphocyte transformation. Arch Dermatol
Res26J: 127. 1978.

Received February 21, /982 

Jaakko Karvonen, M.D. 
Department of Dermatology 
University Central Hospital 
SF-90220 Oulu 22 
Finland 


