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A flow-cytometric study was performed in monogenic disorders
of keratinization, to assess DNA distribution as well as the
expression of keratins and involucrin. In addition, the changes
in expression of these markers under influence of calcipotriol
treatment were investigated.

Proliferation, measured by the percentage of epidermal cells
in SG2M-phase of the cell cycle, was increased in Darier’s
disease, lamellar ichthyosis, congenital bullous ichthyotic
erythroderma of Brocq and the Comel-Netherton syndrome,
whereas normal proliferation was found in autosomal dominant
ichthyosis vulgaris, X-linked recessive ichthyosis, keratosis pil-
aris, ichthyosis bullosa of Siemens and the Sjogren—Larsson
syndrome. Keratin 6 was enhanced in erythrodermic lamellar
ichthyosis, congenital bullous ichthyotic erythroderma of Brocq
and the Comel-Netherton syndrome, showing also reduction of
keratin 10. Involucrin was only slightly reduced in erythrodermic
lamellar ichthyosis, congenital bullous ichthyotic erythroderma
of Brocq and the Comel-Netherton syndrome, compared to the
pronounced reduction in all other skin disorders studied.
Calcipotriol was found to enhance differentiation in Darier’s
disease, erythrodermic lamellar ichthyosis, and congenital bull-
ous ichthyotic erythroderma of Brocq. Only Darier’s disease did
not show clinical improvement.

In conclusion, flow cytometry provides a useful method for
quantification of epidermal cell characteristics in monogenic
disorders of keratinization. Further studies need to be performed
to establish its usefulness as a diagnostic and prognostic tool.
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One of the changes of normal, terminally differentiating ker-
atinocytes is the specific expression of keratin intermediate
filaments. Several methods for detection of these intermediate
filament proteins are available. Two-dimensional polyacryl-
amide gel electrophoresis is most often used to characterize
keratin proteins biochemically (1, 2). This method allows
specific detection of the whole repertoire of keratins present
in a tissue specimen, though the localization of the keratins is
lost. Immunohistochemical methods using monoclonal anti-
bodies recognizing single or sets of related keratins have the
advantage that topographical information is maintained (3-5).
A limitation of this approach is that only qualitative or semi-
quantitative information can be obtained. Flow-cytometric
analysis of intermediate filament proteins in single cell
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suspensions of epidermal cells allows rapid simultaneous
quantification of two or more characteristics per individual
cell. with high reproducibility and statistical accuracy (6).
Immunohistochemical and flow-cytometric approaches have
been used to determine the epidermal cell characteristics in
normal and psoriatic skin and to evaluate the effects of
therapies on proliferation and differentiation in psoriasis (7-9).
Little information is available on epidermal cell kinetics in
monogenic disorders of keratinization. Some immunohisto-
chemical studies have been performed with the monoclonal
antibody Ki-67, recognizing a proliferation-associated nuclear
antigen (7). However, no quantitative data are available on
epidermal cell characteristics in monogenic disorders of ker-
atinization, using a flow-cytometric approach. The vitamin D3
analogues calcipotriol and calcitriol (1225-dihydroxyvitamin
D3) have been shown to inhibit cell proliferation (10-12) and
induce terminal differentiation (10, 13-15) in cultured human
keratinocytes. Immunohistochemical evaluation of treatment
of psoriatic plaques with calcipotriol has revealed a rapid
decrease of the number of proliferating cells, measured as Ki-
67-positive nuclei, after 2 weeks, resulting in a total decrease
of 48% after 12 weeks. Ks8.12-binding revealing keratin 16
expression has shown a tendency to diminish after 4-12 weeks
of treatment (8). Flow-cytometric analysis has shown a
decrease in DNA-content and a reduction of Ks8.12-binding
in psoriasis, after 6 weeks of treatment with calcipotriol (9).

The aim of the present investigation was to assess, using a
flow-cytometric approach, DNA distribution, as well as the
expression of intermediate filament proteins and involucrin,
markers for epidermal proliferation and differentiation, in
order to characterize epidermal cell characteristics in Darier’s
disease, keratosis pilaris (KP), autosomal dominant ichthyosis
vulgaris (ADIV). X-linked recessive ichthyosis (XRI), and
congenital ichthyoses. Furthermore, the changes in expression
of these keratins under influence of calcipotriol treatment were
analyzed using flow cytometry.

MATERIALS AND METHODS

Subjects and skin sampling

Twenty-five patients (3 ADIV, 5 XRI, 5 Darier, 3 KP. 9 congenital
ichthyosis) participated in the study. The group of congenital ichthy-
oses consisted of 1 erythrodermic lamellar ichthyosis (ELI), 2 non-
erythrodermic lamellar ichthyosis (NELI), | ichthyosis bullosa of
Siemens (Siemens). 2 congenital bullous ichthyotic erythroderma of
Brocq (Brocq), 1 Comel-Netherton syndrome (CNS), and 2 patients
with the Sjégren-Larsson syndrome (SLS). A superficial skin sample.
about 0.2 mm thick and 3 mm in diameter, was removed from a
representative area from each side with a razor blade in conjunction
with a metal guard, from all patients before treatment. Similar samples
were taken from 11 healthy volunteers. Eighteen patients (2 ADIV.
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5 XRI. 3 Darier, 3 KP, 1 ELL 2 NELI, 1 Siemens and 1 Brocq)
completed a double-blind bilaterally paired comparative treatment
period of 12 weeks with calcipotriol ointment 50 pg/g and the ointment
vehicle only, At week 12, similar biopsies were taken from both sides,
All 25 patients were recruited from the centre in Nijmegen. Twenty-
four of them (except for one ADIV ) constituted a subgroup, participat-
ing in a multicenter study from which the clinical results have been
published before (16). For practical reasons only skin samples obtained
from patients treated at the centre of dermatology in Nijmegen were
analyzed using flow cytometry.

Monoclonal antibodies

— AF124 (National Cancer Institute, Bethesda, Maryland, USA) (17)
to assess keratin 6, which is expressed in hyperproliferative
epidermis.

— RKSE60 (Department of Pathology, University Hospital
Maastricht, Netherlands) (18) to assess keratin 10 expression,
present in differentiated epidermis.

— Anti-involucrin (Biomedical Technologies, Inc, Stoughton, USA)
(19) to assess involucrin expression, a marker for terminal
differentiation.

— 6B10 (Eurodiagnostics, Apeldoorn, Netherlands) (20) to assess
keratin 4, which is expressed following treatment with retinoids.

— 1C7 (Eurodiagnostics, Apeldoorn, Netherlands) (20) to assess ker-
atin 13, which is also expressed following retinoid treatment,

Analytical procedures

Cell suspensions were prepared using a trypsinization procedure in
order to dissociate biopsy specimens into single cells. The biopsy
specimen was washed in phosphate-buffered saline (PBS) and incub-
ated with the dermal site downward in 1 ml of PBS containing 1%
trypsin (DIFCO, Detroit, Mich.) and 0.3% dithioerythritol (Sigma,
St. Louis, Mo.) at 37°C for 20 min. Subsequently, the specimen was
fixed in 500 pl ice-cold 70% ethanol and dissociated by sonification
(Sonifier B-12, Branson Sonic Power, Danbury, Coun.) for 5s at
70 W. This resulted in a cell suspension containing only epidermal
cells, for dermis and stratum corneum remained intact and floated on
the surface.

Aliquots of these ethanol-fixed cell suspensions were immunostained
with the monoclonal antibodies anti-involucrin, 6B10, 1C7, RKSE60
and AF124. As second antibody, goat anti-mouse IgG conjugated
with fluorescein isothiocyanate (FITC) (GAM-FITC: Tago,
Burlingame, U.S.A.) was used for all stainings, except for detection
of AF 124 which required a FITC-conjugated swine anti-rabbit [gG
(SAR-FITC; Dakopatts, Copenhagen, Denmark). These antibodies
were added in a 1:25 dilution for 30 min at room temperature. After
the two incubation steps, the cells were washed twice and resuspended
in 200 ul PBS, pH 7.8, containing propidium iodide (PI) 40 mg/l
(Calbiochem, San Diego, U.S.A.). Afterwards the cell suspensions
were incubated for 15min with 50 pl RNAse (1 mg/ml in PBS)
(Sigma, St. Louis, U.S.A.) at room temperature and filtered in order
to remove clumps; fluorescence was measured using an Ortho 50H
flow cytometer (Ortho Instruments, Westwood, U.S.A.). Both FITC
and PI were excited with a 5 W argon laser (164-05, Spectra Physics,
Mountain View, U.S.A.) tuned at 488 nm, and emission was recorded
at 515-530 nm (FITC) and =630 nm (PI). The data were stored and
analyzed with a Digital PDP 11/34 computer (Digital Equipment,
Galway, Republic of Ireland ). Green fluorescence derived from FITC
indicated staining with the primary antibodies. Red fluorescence
derived from PI was used to establish the DNA content per cell,
allowing a differentiation between the cells in the consecutive phases
of the cell cycle. The cells with elevated DNA content reflected the
cells in the SGZM phase of the cell cycle. Therefore, the percentage
of cells in SG2M phase was measured as a marker of proliferation.
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RESULTS

Epidermal cell characteristics in monogenic disorders of
keratinization

Flow-cytometric measurements of cell suspensions obtained in
the various monogenic disorders of keratinization are summar-
ized in Table I.

The SG2M values have been measured for each of the
monoclonal antibodies, resulting in a total amount of five
SG2M values in each sample. In the tables, the mean values
are shown +S.E.M.

As most disorders are extremely rare, the number of patients
in the various groups was too low to perform statistical
analysis. To allow a comparison between the flow-cytometric
data before calcipotriol treatment found in the various skin
disorders, alterations more than one standard deviation from
the mean values in the normal control group were taken into
consideration.

The percentage of cells in the SG2M phase of the cell cycle
was elevated in Darier, ELI, NELI, Brocq, and CNS. Values
comparative to normal were observed in ADIV, XRI, KP,
Siemens, and the SLS.

Keratin 6 revealed an increase in ELI, Brocq, and CNS.

A reduction of keratin 10 was observed in CNS. A reduction,
less than one standard deviation from the normal controls,
was noticed in Darier, ELI, NELI, Siemens, and SLS.
Irvolucrin was diminished in all monogenic disorders of
keratinization studied. ELI, Brocq, and CNS exhibited only a
reduction of involucrin expression of more than one standard
deviation, whereas a reduction of more than three standard
deviations was observed in the other dermatoses.

The percentage of cells containing keratins 4 and 13 was
low in all subgroups.

Modulation of epidermal cell characteristics by calcipotriol
treatment

To allow a comparison between the flow-cytometric changes
by calcipotriol treatment, alteraticns of the nett calcipotriol
effect of more than one standard deviation from the mean
pretreatment values were taken into consideration.

Changes in epidermal cell characteristics in the monogenic
disorders of keratinization, after treatment with calcipotriol,
compared to its vehicle, are surmamarized in Table II. An
increase in involucrin expression in favour of the calcipotriol-
treated side was observed in Darier, ELI, and Brocq.

Alteration of keratin 10 expression paralleled the changes
observed in involucrin expression. Again, a unilateral increase
in favour of the calcipotriol treated side was observed exclus-
ively in Darier, ELI and Brocq.

Keratin 6 expression in ADIV, KP and Siemens was reduced
by calcipotriol, while an elevation was noticed in Darier, ELI
ard Brocq.

Modulation of keratins 4 and 13 was rather inconsistent:
keratins 4 and 13 were both upregulated by calcipotriol
in ADIV and Darier. In KP both were downregulated,
Contradictory modification was observed in ELI, NELI. and
Siemens. In Brocq only keratin 4 was modified upward,
whereas in XRI only keratin 13 was regulated downward.

Only moderate modulation was observed in the percentage
of cells in SG2M phase. An increase was observed in ADIV,



99

ation by calcipotriol

Z

Modulation of keratini

TRULIOU WO (S €< 444 [BULIOU WOLJ (IS T< 44 [RULIOU WOLJ (IS [ < 4
“20uaIahIp 9y} AQ pajedtpul 1 10 [oujodid]es 1jau Ay ‘apIs payeall-uIniaA pue -joirodiofed ayl 10)
pa)B2Ipul 218 SaFURYD A JUSUNEAL) JO PUI O] SUIASE] WOIJ SAPOQIUE [BUC[OUOU 2y 10§ aanisod sjjeo jo adeusorad jo sanjea wesw ul safueyo 2 1uasardal a[qu] A1 U PAEIIPUL SANJEA AL,

S TF0T— 2221 TF 99— 4 0F 1T #6101 «TOFV0— O1+50— . 80FL0- «00FL0 DUAIPYIP
01FsT 0TFET £0+90— 61+6€ ToF+L0 TOFS 1 — S0+60 FoF10— JPg=A
+'TFS0 C1F+Ey— FOFS] I'I+Sy TO0FE0 60F0T— r0FT0 T0F90 [owodmes NzDS

++407CC e N 0L+t +#x0'8 «9F8T— £PFES SEFS 001 FLE1— NualPrp
69 811 I'v+0C— 6 TTFYL SoI+es §THO1— rsFLL 0
68 00 LEETL— 81 0r+8y £r1F9°01 §1+50 SP+09— [omodmoed 9 unesay
Pl *L— «1FET— +£'T £EF90— #S €1 +9°01 PTFTo ST¥LT— ERlicie)iing
oL ¥s 10FT1 Ls— TSFLT SYI+SL— TeFsr— PTF90 JIYIA
0T ‘e— r+ri- P TTFIT SEFIE 0TF9P— SY+1T— [omjodiofes ] unessy
£0 +50 x10FS0— w0l — F1T9T— SFEFTS L 1FEE— £0F01 2duaIagIp
1o i0— 00+00 (e 01¥81 60F€0 1'0F€0 90+70 JryaA
o ] 1'0FS0— Tl S0+T0 0EFSS LTFOE— 10+l [owodiofea ¢ uneiay
«L0 T F0F01 ##+L 0 *TEFS1— *esb TFOL 6TFO- =l THOE 30UASYIP
0— 9T 90FT1— Lo TSl Fl1Fy0— L1FET— R JoryaA
0 0 SEFTO— 60 01+€0— L1FTL FIFET vOF91 [ouodiofes  unesayy
wexl 'Ll ##398— LOFr0— #xx'EC £01F0¢ +#xS LFCE] 01FET— *ex80F 80— auIIPIP
6L rsl L0+90 SeEl— gSF00l TEF60— 01+172 LSF6L JpIg2s
9¢C 89 00+2T0 96 L9F0TI PrFoTl g0FT0— 6vFIL [ounodiofes uLonjoAu]

(1=u) boorg (1=u) suawaig (=) I'TdN (1=w) 119 (e=u) A (g=u) 1oueqg (S=m) 19X (z=u) AlAV

Juauypaay joLodiappy fo 20U 4FpUN UOLIDIIUIIDIZY [0 SLBPIOSIP JNUPBOUOUL U] SINSUIIIDADYD 122 prutiapidd fo (WHS T ) sasuvy) [ AqeL
“[PULIOU WOLJ (IS € gy TEULIOU WOLY (IS T 44 TEULOU WOLJ (IS [ < &
+O+8¢§ 90+F«1'6 YO0F++900  80FI8 FOF 458 PO+ 111 T0F59 9'0F «L 01 +OFeL £€0+59 80+8¢ WZDS

So¥oe 6FFaxl'Ll 6P F48SE  LOFET I'LFS61 91 FaasltS 60FLL L1+091 0TFES §rT66 6TF88I 9 UNeI]
I'y+LTs 9TF59¢ 9P+ELS SSCFH0S PIT61S TIFOSY I'v+L68 I'v+1'8 6TF19¢ 0rF9LS ESFPECS 01 uneady
00+90 E0FLI £0F0t S0+0¢ ToFEL 00F9°1 §0+TE F1FL'S TIF8E 90+TT SO+8E €1 uney
00F80 10F«1T FOFax9T  LOFaralV SOF L'l 00F<1 80F 6T [T F #2578 ETF #246'¢ 60F £2LT T0F60 ¥ UleIay]
91 F 44456 I0F«L'6T STF6T  1TFaxxl 01 ETF #4201 ['0F +0°S¢ 8TF 222S'LI 61 F 2x2E'81 91 F 222871 SPFassl'81  LTFTSH  UHINOAU]

=4 [=u cmu [=u c=H =¥ £=4 S=H g=u = 1=u
SIS SND booig SUATIAN, I'TAN I'T4 d3 Isueq Tdax AlQV [EUHON

UOUDZIUIIDIIY JO SAIPIOSIP NUITOUOW PUp ULYS [PULIOU U] UODIIU2[Jip pup wonvaafijoid fo siayi of aappisod spa0 fo a8viuadiad aof (WAS F) sanjpa uvapy “12qQe],

Acta Derm Venereol (Stockh) 76



100 G. P. H. Lucker et al.

ELI and NELI. whereas a decrease was found in KP, Siemens
and Brocq.

DISCUSSION

In the present study. information on epidermal cell kinetics of
monogenic disorders of keratinization was obtained, using a
flow-cytometric approach. Furthermore, the influence of calci-
potriol on proliferation and differentiation was analysed using
flow cytometry. Proliferation, measured by the percentage of
cells in SG2M phase of the cell cycle, revealed a hyperprolifer-
ative state of the epidermis in Darier, ELI, NELIL, Brocq and
CNS, whereas proliferation was comparative to normal in
ADIV, XRI, KP, Siemens and SLS. In 1966, Frost et al. (21)
established hyperproliferation to be a contributing factor in
the pathogenesis of lamellar ichthyosis, epidermolytic hyper-
keratosis and Darier’s disease, but not in ADIV and XRI,
using autoradiographic technics with tritiated thymidine which
is incorporated into cells in the period of DNA synthesis (22).
Jagell & Liden demonstrated DNA synthesis of epidermal cells
in SLS to be 2.7 times greater than normal, using the same
technique (23). Our flow-cytometric data are in accordance
with these previous observations, except for Siemens and SLS.
This discrepancy may be explained by the fact that both
Siemens and SLS are clinically characterized by prominent
lichenification. implicating that relatively more superficial than
basal epidermal cell layers may be obtained, using a 0.2 mm
thick razor blade. Another marker for proliferation, AF124
staining keratin 6, was elevated in ELI, Brocq and CNS.
Information on differentiation was obtained by the percentage
of cells, positive for keratin 10, which is a marker for early
differentiating keratinocytes. Keratin 10 was reduced more
than one standard deviation compared to the normal controls
only in CNS. However, all skin disorders characterized by
hyperproliferation (as demonstrated with the SG2M values
described previously) showed a reduced staining pattern for
keratin 10, with the exception of Brocqg, which is another
ichthyosis subtype, clinically characterized by prominent
lichenification. These data are in accordance with clonal
analysis, growth kinetics, and cell cycle studies of normal
human keratinocytes cultured in serum-free medium, which
show that if keratinocyte proliferation is promoted. differenti-
ation is inhibited (24).

Involucrin is one of the substrates for the formation of
cornified envelopes and is synthesized in normal epidermis in
the granular cell layer, implying that this protein is a marker
of late-stage differentiation. However, in hyperproliferative
skin disorders such as benign neoplasms, malignant tumours,
psoriasis, and DLE, involucrin is synthesized much earlier (25,
26). Our study demonstrated diminished involucrin expression
in all skin disorders studied. However, ELI, Brocq and CNS,
all characterized by elevated keratin 6 expression and
hyperproliferation, exhibited a more pronounced staining of
anti-involucrin, compared to the other dermatoses studied.

Concerning the influence of calcipotriol on epidermal cell
kinetics, we observed induction of differentiation, indicated by
keratin 10 expression, as well as induction of terminal differen-
tiation. indicated by involucrin expression, in Darier. ELI and
Brocq. which 1s in accordance with previous studies on calcipo-
triol in psoriasis (27). Nevertheless, the expected reduction in
proliferation, as was observed previously in psoriasis, was
lacking m our study.
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Keratins 4 and 13, which are expressed following treatment
with retinoids (28), are normally found in fetal, but not in
adult epidermis. Modulation after treatment with calcipotriol
revealed no consistent findings.

Comparing the flow-cytometric data with the clinical data
revealed a good correlation in KF and Siemens, which were
unresponsive to calcipotriol, and in ELI and Broecq, which
improved substantially. This is in contrast to NELI, XRI and
ADIV, in which some clinical improvement was observed,
whereas the flow cytometry remained unchanged. Finally, it is
of interest that Darier was characterized by flow-cytometric
changes, although clinical improvement was not observed. It
is attractive to speculate that Darier’s disease might be respons-
ive to calcipotriol when used at a lower and less irritating
concentration.,

We conclude that flow cytometry provides a useful method
for establishing epidermal cell kinetics of monogenic disorders
of keratinization. Further studies are required to find out to
what extent quantification of cell cycle kinetics and markers
of keratinization is useful as a diagnostic and prognostic tool.
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