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Abstract. Quantitative and qualitative changes of the 
nuclei and nucleoli in psoriatic epidermis at different in­
tervals during therapy with psoralen and long-wave 
ultraviolet light (PUVA) were revealed with the electron 
microscope. Early in the therapy (24 to 96 hr after com­
mencing treatment) changes occur, including irregularity 
of the nuclear envelope, enlargement of the nuclei and 
nucleoli, temporary disappearance of fibrillar centres, fol­
lowed by temporary increase in nuclear bodies and in­
creasing amounts of heterochromatin. After clearing of 
lesions. the nuclear and nucleolar structures were identi­
cal with those of normal keratinocytes. except that the 
relative amount of heterochromatin was greater. It is sug­
gested that PUV A therapy brings about inhibition of 
abnorma I keratinization. possibly due to gene repression, 
and that this may be related 10 changes in the fibrillar 
centres of psoriatic keratinocyte nucleoli. 

Key words: Psoriasis; PUV A therapy; Nuclear changes: 
Gene repression; Fibrillar centres 

There are several published reports of successful 

therpy of psoriasis with oral psoralens and long­

wave ultraviolet light (UV A), as well as a wide 

variety of studies on the effects of these agents. 

There is evidence to suggest that the therapy acts 

by a direct effect on DNA. An increased frequency 

of chromosome aberrations in human lymphocytes 

(10, 11) and the induction of DNA repair synthesis 

in human fibroblasts ( I) have been reported after 
8-methoxypsoralen (8-MOP) plus UV A therapy

(PUV AJ in vitro.
ln view of this knowledge, it is important that 

studies should be conducted on nuclear changes in 

connection with PUV A therapy of psoriasis pa­
tients. 

The purpose of the present study was to define 

the ultrastructural alterations in psoriatic keratino­

cyte nuclei during and after PUV A therapy. As far 

as we know, there is no other published detailed 

description of these changes. 

MATERIALS AND METHODS 

The material consisted of biopsy specimens from 17 pa­
tients who had had extensive and long-standing psoriasis 
for several years. Patients with pustular psoriasis were not 
admitted to the study. The ages of the patients ranged 
from 17 to 57 years. Prior to this investigation, the lesions 
had not been treated for at least I month. 

Between 30 and 60 mg of 8-methoxypsoralen (8-MOP) 
was given 2 hr prior to the UV A exposure, depending 
upon the patient's body weighl. The lesions were exp0sed 
to long-wave ultraviolet light with a peak range of 360-370 
nm. from General Electric high output blacklight lamps 
(no. F72TI2/BL/HO). The initial treatment was from 0.5 
to 2.5 Joules/cm', depending upon the skin type. The 
patients were treated 2 or 3 times per week. Three speci­
mens were taken from each patient: I) before treatment, 2) 
24. 48. 72 or 96 hr after the first treatment, and 3) one 
week after the lesions had cleared clinically. The tissue 
specimens were fixed in 2 % osmium tetroxide solution in 
0.1 M phosphate buffer at 4°C for 2 hr. Following dehydra­
tion in a grad ed series of ethanol dilutions, the blocks were
embedded in Epon 812. Ultrathin sections were cut on a
Porter-Slum MT-2 ultramicrotome. Sections were stained
with uranyl acetate and lead citrate and observed with a
Siemens Elmiskop I A electron microscope.

Thirty spinous cell nuclei, each containing one or more 
nucleoli, were selected at random from each specimen. 
Each nucleus was photographed at magnifications of 4 000 
and 10000. Our attention was concentrated upon the spin­
ous cell nuclei, since basal cells are germinative cells 
whose nuclei show various aspects. depending on their 
cell cycle phase, and because granular cells show distinct 
changes in nuclei <luring keratinization. The spinous cells 
studied were always at least three cells away from the 
basal lamina. The area of each nucleus and nucleolus was 
measured with a planimeter. The relative amounts of 
heterochromatin were estimated by a photographic 
method by which the image of a fine-meshed grid was 
superimposed on the nuclear image and the structures 
beneath the point.s of intersection of grid lines were 
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Fig. I. A psoriatic keratinocyte nucleus and nucleolu� 
before therapy. (") The nuclear emelope is smooth. 
heterochromatin is sparse anda nuclear body (-+) can be 
seen. No. nucleolus. (X3400.) (b) The nucleolus show, 

identitied to provide an expression of the proponion of 
dense chromatin in each nucleus. The nurnber of nuclear 
bodie, in these nuclei wa, also counte<l. 

RESULTS 

Qualitalil'e study 

Spinous cell nuclei in psoriatic Iesions before 

PUV A therapy are characterized as reponed previ­

ously ( 13) as follows: (al the nuclei and nucleoli are 

Fig. 2. A nucleus and nucleolus at 24 hr after 1st treat• 
ment. (al The nuclear envelope is irregular. showing 
zigzag contour� and nuclear pseudoinclusions (PI). 
Heterochromatin granules are aggregated along the pe­
riphery of the nucleus. around the nucleolus (No) and in 
sorne central pan, of the nucleus. - . nuclear bodie, 
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distinct nucleolonema which con,i,t of a granular cornpo­
nent (G) and tibrillar centre, (FC) �urrounded by a fibril­
lar component (Fl. ->. nuclear body. ( x 11 000. l 

much larger than those of the normal keratinocyte�. 

re!>pectively. ( b) the nuclear envelope b smooth. 

(cl le\!) heterochromatin can be �een than in normal 

keratinocytes, (d) nuclear bodies can often be 

observcd in the nuclcoplasm. and (e) the nucleoli 

shO\\ a di!>tinct nucleolonema which consists of a 

granular component. a fibrillar componem and fi­

brillar centres surrounded by the fibrillar compo­

nent (Figs. I a and b). 
By ::!4 hr after the first tre:11ment. thc nuclcur 

showing edematous change. (x3000.) (b) The nucleolus 
re1ains a nucleolonema with fibrillar centres (FCl. some of 
which are smaller than those before therapy. G. granular 
component: f/. heterochrornatin granules: .... . nuclear 
body: S. internucleolonemal spaces. ( x I O 000.) 



Fig. 3. A nucleus and nucleolu� a1 48 hr af1er ls1 treat­
ment. (al The nuclear envelope is �1ill irregular. Hetero­
chroma1in granules appear 10 be incrcased in all parts of 
1he nucleus. No, nucleus. ( x3 000.) (b) The nucleolus eon-

structure had altered distinctly. The size of the 
nuclci was increa�ed. The nuclear envelope had 

becomc irregular. exhibiting zigzag contour<, along 

the entire periphery of the nucleus. Cros� sections 

of �urfocc invaginations sometimes rcvealcd 
nuclear pseudoinclusions (Fig. 2a). Heterochroma­
tin granules were aggregated along the periphery. 

around the nucleolu\ and in some central parts of 

Fig. 4. A nucleus and nucleolus al 72 hr after 1s1 treat­
ment. (a) The nuclear envelope is fairly regular. He1ero­
chroma1in granules are increased throughout the nucleus. 
Multiple nuclear bodie� ( ...... ) are present. No, nucleolus. 
(xJOOO.) (bl Fibrillar centres (FC) are present, mainly a1 
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sists of granualr (G). and fibrillar components showing a 
globular form (white arrows). Few fibrillar centres can be 
seen. H, he1erochromatin granules: -+, nuclear body. 
(X20 000.) 

thc nucleus. Perichromatin granules were increased 

in number, compared with those before therapy. 

uclear bodies were often <,een. Most of these had 

a homogeneous or fine filamcntous structure. show­

ing liltle edematous changc. Nucleoli retained a dis­
tinct nucleoloncma with fibrillar centrc�. although 
some fibrillar centres were ,mallcr than those bc­

fore therapy. Enlargement of internucleolonemal 

1he periphery of the nucleolus, although they are smaller 
1han those seen before therapy. A nuclear body (-+) 
close to the nucleolus can be seen. G, granular compo­
nent. (x 10000.) 
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Fig. 5. A nucleus and nucleolus al 96 hr afler 1st trea1-
ment. (a) The nuclear envelope i� moslly smoolh. 
Heterochromatin granule� �ccm 10 be dccreased, a� com­
pared with those at 72 hr af1er 1,t trealment. No. 

spaces was also seen. Ho\\ever. no changes were 

found in the fibrillar and granular components of the 

nucleolus (Fig. 2 b ). 

At 48 hr after the fir ·t treatment. the nuclear 
envelope was still irregular. but nuclear p�eudoin­
clusions. as secn at 24 hr after che first treat­
ment. were no longer observed, Heterochromatin 
granule appearcd to be increased. not only along 

the periphery and around the nucleoli. but also in 
the central areas of the nucleus (Fig. 3a). In most of 

Fig. 6. A nucleus and nucleolus one week after clearing of 
a psoria1ic lesion. (a) Heterochromatin granules are more 
prominent than before therapy. Nucleitr bodie� are not 
�een. The nucleolus (No) b compact. (x4000.) (b) The 
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nuclcolus: ...... nuclear body. (x3 000.) (b) Two large libril• 
lar centres ( FC) can be �cen. G. granular componcnt. 
(X 10000.) 

the nucleoli, no fibrillar cenlrcs could be found and 

the nucleoli consisted of a fibrillar and a granular 

component. The fibrillar component was seen in a 

globular form (Fig. 3b). uclear bodies seemed to 
be increased in number at this time. 

At 72 hr after the lirst trealment. thc nuclear 

envelope became relatively regular. Heterochroma­

tin granules wcre increased throughout the nucleus, 
together with an increase in perichromatin granules. 

uclear bodies were seen more often than at 48 hr 

nucleolus shows neither dislinct nucleolonema, nor fibril­
lar centrcs. F, librillar component: G. granular compo­
nent. (X 14000.) 
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Table I. The e.ffect of PUVA therapy 011 nuc/ear and nucleo/ar size, nuclear bodies and heterochromatin 

Area=µm' (mean±S.D.). Number=number per nucleus (mean±S.E.). 

Relative amount= 
Heterochromatin 

x 1()0 (mean±S.D.). 
Total nuclear substance 

Nuclear size Nucleolar size Nuclear bodies Heterochromati n 
(11 =30) (11 =30) (n=30) (11= 10) 
Area Area Number Relative amount 

Before therapy 139±21 14.7±2.2 1.71 ±0.05 12.6±3.0 
24 hrs aftcr therapy 173=38" 15.9±2.9 1.42±0.08 34.8±4.1" 
48 hrs after therapy 162::::27 18.8±6.0 2.33±0. 10° 40.5±7.8° 
72 hrs after therapy 141±20 28.1±8.3" 4.25±0.13" 61.3±8.8" 
% hrs after therapy 137± 15 20.3±4. I" 1.50±0.09 42.9± 19.6° 

After clearing 93± 19" 6.3±1.9· 0.31 ±0.05" 36.1±2.9" 

0 Significant increase as compared with corresponding value before therapy atp<0.05 or <0.01.
• Signiticant decrease as compared with corresponding value before therapy at p<0.05 or <0.01.

after the first treatment (Fi�. 4a). Nucleoli were 

larger and increased in volume relative to that of the 

nucleus. Fibrillar centres appeared again. mainly at 

the periphcry of the nucleoli, although they were 

small er than those before therapy. At this time we 

could often find nuclear bodies close to the 

nucleolus (Fig. 4b). 

At 96 hr after the first treatment, the nuclear 

envelope was mostly smooth. as seen in the nuclei 

before therapy. Heterochromatin granules seemed 

to be decreased as compared with those at 72 hr 

after the first treatment (Fig. Sa). Nucleolar fibrillar 

centres had returned to the size existing before 

therapy. They were surrounded by a fibrillar com­

ponent (Fig. 5h). Nuclear bodies and perichromatin 
granules were also similar in number to those before 

therapy. 

One week after clearing of the lesions. the 

nuclear envelope was mostly smooth. Hetero­

chromatin granules were still incraeased as com­

pared with those before therapy and were dis­

persed throughout the nucleus. Nuclear bodies 

were not seen in most nuclei (Fig. 6a). The nu­

cleoli were compact and did not show a distinct 

nucleolonema. Nucleolar fibrillar and granular com­

ponents were intermingled. No or few fibrillar 

centres could be observed (Fig. 6b ). 

Quantitative study 

At 24 hr after the first treatment, the size of the 

nuclei was significantly increased and, after clear­

ing, it decreased significantly compared with the 

size before therapy (Table I). After clearing, the 

nuclear size was similar to that of normal keratino­

cytes (13). 

The size of nucleoli was significantly increased at 

72 and 96 hr after the first treatment and it decrased 

after clearing (Table I). The size of the nucleoli 

after clearing was similar to that of normal 

keratinocyte nucleoli ( 13). 

The frequency of nuclear bodies was signifi­

cantly increased at 48 and 72 hr after the tirst treat­
ment and decreased after clearing (Table I). The 

frequency of nuclear bodies after clearing was simi­

lar to that in normal keratinocytes (13). 

The relative amount of heterochromatin was 

significantly increased at 24 to 94 hr after clearing 

(Table l)_ but it did not decrease to the amount 
found in no1·mal keratinocyte nuclei, evcn after 

clearing (13). 

DTSCUSSION 

The present study indicates that the nuclei and 

nucleoli of psoriatic keratinocytes are markedly af­

fected by 8-MOP and UV A irradiation (PUV A 

therapy). A series of early changes occurs, includ­

ing irregularity of the nuclear envelope, changcs in 

size of the nuclei and nucleoli, temporary disap­

pearance of fibriUar centres followed by temporary 

increase in nuclear bodies and condensation of 

heterochromatin along the nuclear envelope and 

around the nucleolus as well as in the central part of 

the nucleus. After clearing of the lesions, nuclear 
and nucleolar structures were similar to those of 

normal keratinocytes except that the relative 
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amounts of hetcrochromatin were significantly 

greater. 

There are some dif
f

crence� between the early 

changes and changes after clearing of the lesions. 

Compared with those before treatment. nuclei and 

nucleoli became larger after the first trcatment. 

while thcy becamc smallcr after clearing of the le­

siom,. Likewi,e. the number of nuclear bodies ,,a, 

increa..,ed after the fir,t treatment. whereas it was 

decrcascd after clearing. In addition. nuclear en­
velopc, became irregular after thc first trcatment. 
but regular after clearing. On the other hand. in­

crease in heterochromatin granulcs and disappear­

ance of fibrillar centres were ob'>erved. both after 

the fin,t treatment and after clearing of the lesion�. 

This suggests that there are two different types of 

changc, reflecting: I) regression of p,oriatic le­

siofö. and 2) processe\ triggered by PUVA treat­

ment. Of the various changcs in nuclei and nucleoli. 
the di'>appearance of fibrillar centers and decrea�e 

in nuclear bodies. a� ,een after cleaiing of the 

lesions. may reflect regression of psoiiatic lesions. 

On thc other hand. irregular nuclear envelopes. en­

largement of nuclei and nucleoli. and incrcase in 1he 
number of nuclear bodics. as scen after the first 
treatmcnt. ma}, reflcct proces,es triggered by 

PUV A treatment. The increase in heterochromatin 

granulcs may represcnt both regression of psoriatic 

lesions and processes triggered by PUV A treat­

ment. In fact. some of the previous reports prove 
this hypothesis. Toda et al. ( 12). using normal hu­

man <;kin. found that 6 hr after trimethyl-psoralen 
(TM P) application plus UV A irradiation. the 

keratinocytes next to thc melanocytes showed in­
dented nuclear cnvelope,. Konrad e1 al. (7) found 
enlargement of nucleoli of keratinocytes of normal 

and psoriatic skin peaking at 72 hr aftcr 8-MOP 

application plu<; UVA irradiation. Moreovcr. Jimbo 

et al. (6) reported an indcnted nuclear envelope, an 

increasc in the size of nuclei as wcll as nucleoli, and 

an increase in the numbcr of heterochromatin 

granules in the nuclei of human melanocytes during 

immediate and delayed tanning rcaction. In addition 
Wilborn & Montcs ( 14) reported that an increase in 
heterochromatin granule<; and a decrease in nuclear 
bodies wcre found in psoriatic lcs1ons showing ex­
cellent clinical respom,e after I and 3 months of 

anthralin treatment. 

It is also important lo describe the relationship 
between regre<;sion of psoriatic lesions and changes 

in the nuclei and nucleoli after PUVA treatment. In 
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general. fibrillar centres becomc prominent when 

there i, some abnormality of R. A synthesi� or 

somc disturbance in maturation or transport of 

ribosomal precursors (3. 4. 8). Consequently. it is 

pol.sible that the prcsence of multiple fibrillar 

centre<; in p�oriatic keratinocyte nuclcoli may be 
associated with abnormal kcratinizalion and that 

the disappearance of librillar ccntres aftcr clearing 

of le ... ions may be associated with normal keratini­

zation. The ,ignificance of the appearance of 
nuclcar bodie, is not J..nown. Bouteillc et al. (:!) 

suggested that they are rclated to cellular 

hyperactivity. Since it is known that psoriatic 

keratinocyte, sho\\ hyperactivit}. thc decrea�e in 

nuclcar bodies after clearing of lcsions may renect 

suppression of hypcractivity. The partition of 

chromatin into euchromatin and heterochromatin is 

modified by PUVA thcrapy. The conccntration of 

aggregated hcterochromatin is only about half as 

great in epidermal nuclei of psoriatic plaques a� in 

normal nuclei ( 13). Thi, value is rapid ly increased 

by therapy lo exceed the normal by 24 hr. The 

relative amount of heterochromatin remains high 

<luring all stages of thc therapy period that havc 
been examined. cven aftcr cleuring. The implica­

tions of this tinding with respect to the pm,sibilit) of 

gene repre:.sion by thc therapy are still being con­

sidered. Since heterochromatin represents repres­

�ed segment!> of chromo�omal R A (5. 9). It is sug­
gested that p,oriatic keratinocyte nuclei may huvc 
undcrgone gc.:ne repression by the therapy. The 

persi'>tence of relatively large amount� of hetero­
chromatin afler clearing suggests the possibility of 

long-term gcne repression. possibly due to photo­
addition of P'>Oralen to the DNA. 
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