Acta Dermatovener (Stockholm) $3: 299-305, 1973

MORPHOMETRIC ANALYSIS OF THE DOMINANT AND SEX-LINKED
FORMS OF ICHTHYOSIS VULGARIS

J. E. Friki, K. Kuokkanen and V. K. Hopsu-Havu

From the Departments of Dermatology and Anatomy, Universities of Twrku and Ouly, Finland

Abstract.
sex-linked

Morphometric analysis of the dominant and
forms of ichthyosis vulgaris, based on the
measurement of projected histological specimens, was
carried out in order to find objective differences in the
skin of the manifest and forme fruste forms of these
diseases. The skin surface, stratum granulosum and basal
cell lines were longer in ichthyosis than in the controls,
but there were no differences between the two forms
of ichthyosis. Stratum granulosum was significantly
higher in the sex-linked form than in the others. The
dominant form did not differ from the controls. The
areas of the stratum corneum and granulosum in the
specimens were significantly greater in the sex-linked form
than in the others. The stratum spinosum was signifi-
cantly greater in both forms of ichthyosis than in the
control group. The dermis in the dominant form of ich-
thyosis was found to contain about twice the number of
capillaries found in the controls. The density of capil-
laries was somewhat increased also in the sex-linked form.
No differences in the densitics of sweat glands, sebaceous
glands and hair follicles were recorded betwcen the
various ichthyosis forms and the controls. The forme
fruste forms appeared to lie morphometrically between
controls and the manifest forms of ichthyosis. Objective
histomorphometric measurements confirmed most of the
visual evaluations of the histology of the dominant and
sex-linked forms of ichthyosis and disclosed some new
observations.

Ichthyosis vulgaris is the most common of the
genodermatoses, comprising some 95% of all of
them. Since the work of Orel (11), Bruhns (1) and
Cockayne (2) ichthyosis is known to be inherited
both as an autosomal dominant and as a sex-
linked recessive trait. In the dominant type the
inheritance is often irregular, this being partly
due to the fact that mild forms are easily over-
looked in practice as well as when preparing
pedigrees for publication. A distinction between
the two forms of ichthyosis can usually be made
on the basis of careful clinical investigation (17).
The autosomal dominant form is characterized by
symmetrical,

often mild lesions consisting of

small light-coloured scales (Fig. 1). Most severely
involved are the extensor surfaces of the extremi-
ties, while neck and flexor surfaces are unaf-
fected. Hyperkeratosis of palms and follicular
keratosis occur frequently. The lesions in the sex-
linked form are more severe, consisting of large
and often dirty-coloured scales (Fig. 2). The face,
neck and popliteal flexor surfaces are frequently
affected. Follicular hyperkeratosis and “ichthy-
otic palms™ do not occur (8, 15, 16, 17, 18). In
the dominant form of ichthyosis vulgaris it is
not known whether the clinical pictures of the

homozygote and heterozygote differ from each
other.

The histologic features of ichthyosis vulgaris
are usually summarized as hyperkeratosis, thin-
ning or absence of the stratum granulosum. foi-
licular keratin plugs, irregular basal protrusions
and decreasc in the number of sweat glands (9, 10).
Only recently some more definite histological ob-
servations have been recorded to differentiate
between the sex-linked and dominant forms on
morphological grounds (5, 8, 13, 16, 18).

Opinions concerning the histological character-
istics of the two forms of ichthyosis agree in
many points but disagree on some others (18).
Differences of opinion may be partly due to the
fact that an interpretation of the structure under
the microscope is always subjective, unless ob-
jective means of measuring parameters are used.
Since no objective morphometric analysis of the
two forms of ichthyosis have been carried out,
such a study was undertaken.

MATERIALS AND METHODS

The material consists of 19 families from northern Fin-
fand, in which their members suffering from ichthyosis
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Fig. 1. Follicular hyperkeratosis and small scales in auto-
somal dominant ichthyosis.

vulgaris have been examined in the Department of Der-
matology at thc University of Oulu (8). Based on geneti-
cal and clinical observations the patients with ichthyosis
vulgaris were divided into four groups: (i) 17 cases of
the autosomal dominant form (l.d.). (ii) 24 cases of th:
autosomal dominant forme fruste (l.d.f.f.), (iii) 13 cases
of the scx-linked (I.s) form, and (iv) 19 cases of the
sex-linked forme fruste (I.s.f.f). The control samples were
obtained from 75 healthy persons without ichthyosis. The
age range was from six months to 80 years.

The biopsies were taken from the middle part of the
lateral surface of the upper arm with 4 mm biopsy punch
under local anesthesia (1% xylocain-exadrin). Samples
were fixed in 109% formalin, embedded in paraffin and
5-6 pm scctions were obtained. Sections were stained
with hematoxylin-eosin. The skin specimens were re-
embedded, if diagonal sections were obtained. Sections
were projected with an cpiscope on a wall 10 obtain a
450-fold magnification and typical arcas were drawn on
a standard size first class paper. Of each specimen, 3-6
sections were studied. The person who drew the pictures
did not know the code of scctions and diagnoses. The
lengths of the surface of stratum corneum (skin surface
linc), of stratum granulosum and of the basal membrane
were measurcd on the drawing with a curvimetre map-
measurcr. Stratum corncum, stratum spinosum and SO
basal cells were then cut from the paper and weighed on

Fig. 2.

Large scales of sex-linked ichthyosis.
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a balance. The number of drawn capillaries were recorded.
The numbers of sweat glands, scbaccous glands and hair
follicles were recorded with careful microscopical ob-
servation of the sections.

Statistical analysis was performed with IBM 1130
computer. The following statistical methods were used:
students ¢-test for pair comparison. Scheffe’s method for
multiple  comparison, and ;% test for nonparametrical
analysis.

RESULTS
A characteristic histological picture of I1.d. and
l.s. is shown in Figs. 3 and 4, respectively.

Length measurements

Skin surface. The skin surface of both types of
ichthyvosis was longer than in the controls (p <
0.001) (Tabte 1). There was no difference between
the two forms of ichthyosis. The means in f.f.
forms lay between the controls and the manifest
forms of the disease. I.d.f.f. differed statistically
from L.d. but not from the controls. No statistical
differcnces were found between Ls.f.f. and con-
trol or l.s.

Stratum granulosum. 1.d. and Ls. did not differ
from ecach other but both showed a significantly
longer stratum granulosum than the control
group. Ld.f.f. and Ls.f.f. as a group did not dif-
fer from the controls but 1.d.f.f. alone as well
as Ls.f.f. alone, when tested against the controls,
gave statistically significant and almost significant
differences. respectively. IL.d.f.f. and T.s.f.f. did
not differ significantly from each other.

Basal membrane. The length of basal mem-
branes of I.d. and Ls. did not differ from each
other but combined as a group they were signifi-
cantly longer than all others as well as the con-
trols. I.d.f.f. and Ls.f.f. did not differ from the
controls or from each other.

Height of stratum granulosum. The height of
stratum granulosum in Ls., obtained by dividing
the area of stratum granulosum by its length, was
significantly greater than that in the others (Table
11). 1.d. did not differ significantly from the con-
trols. I.d.f.f. and Ls.f.f. did not differ significantly
from cach other or from the controls.

Area measuremenis

Stratum corneum. The area of stratum corneum
in lL.s. was almost significantly larger than in l.d.
(p<0.05), the mean in Ls. being about twice



that in L.d. (Table III). I.d. did not differ from
the controls but Ls. differed significantly. The
variation was great in Ld. Neither 1.d.f.f. nor
Ls.f.f. differed significantly from the control
group, even though their means were somewhat
higher.

Stratum  granulosum. This was almost signifi-
cantly greater in I.s. than in Ld. (p <0.05). It was
significantly greater than those of the other
groups. Even in I.d., stratum granulosum was
greater than in the controls. Ls.f.f. was almost
significantly above the controls. In Ls.
almost significantly greater than in Ls.f.f.

Stratum spinosum. This did not differ signifi-
cantly in 1.d. and I.s. In both of them this was
significantly greater than in the controls. 1.d.f.f.
and Ls.f.f. did not differ from the controls or
from each other. I.d. was almost significantly
greater than I.d.f.f.

Basal cells. The areas of 50 basal cells in 1.d.

it was
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Fiz. 3. A characteristic histological picture
cf autosomal dominant ichthyosis.

and Ls. did not differ significantly from each
other or from the controls. In L.d.f.f. and [.s.f.f.
this was, oddly enough. smaller than in the con-
trols.

Cuapillaries and adnexa

Capillaries. In 1.d. the number of capillaries was
almost significantly greater than in Ls. (Table 1V).
L.d. and Is. differed significantly from the con-
trols and L.d.f.f. This signifies a greater number
of dermal capillaries in the ichthyotic patients
than in controls or forme fruste manifestations.

Swear glands. The frequency of sweat glands
was the same in the controls, 1.d., L.s. and their
forme fruste manifestations.

Sebaceous glands. The frequency of sebaceous
glands in these groups did not differ significantly
from each other. However, the frequency of
glands in L.s. was about half of that found in the
controls, the difference being almost significant.

Fig. 4. A characteristic histological picture
of sex-linked ichthyosis.
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Table 1. Length measurements (arbitrary units)

Skin Stratum Basement
No. Diagnosis surfacc granulosum membrane
1 I.d. " 550 560 730
StD: 86 100 150
n 15 17 17
2 1.d.[.f. m 490 530 650
S.D. 31 47 120
n 24 24 24
3 I.s. m 550 580 800
S.D. 110 130 260
n 13 13 13
4 l.s.ff. m 500 550 630
S.D. 61 140 110
n 19 19 19
5 Control m 480 500 650
S.D. 41 41 120
n 73 75 75
Statistical analysis of diffcrences:
Siratum Basement
Skin surface granuloyum membrane
1 2 3 4 | 2 3 4 1 2 3 4
Rf Ka 2 o 2| ¥
3 o ® 3 o o 3 o
4 o o o 4 o o0 o 4 * o *
5 i**o t‘to 5 e % & %% 2% 5 * o x % o

Scheffe’s method. confidence coefficicnt 0.950

1 and 3 - all others 2 and 5+ ail others 1 and 3 —all others
2 and 5+ all others 5~ all others 3~ all others
S5« all others | and 35 1 and 35
land 3 - S 1 and 53 1 and 32
I and 3 -2 1and 3 -4
0=2P>0.05
*=2pP-0.05
**=2pP<0.0!1

*** . 2P<0.001

Sebaceous glands were recorded in 3 out of 13
cases of Ls., in 6 out of 17 cases of Ld. and in
34 out of 75 controls.

Hair follicles. No significant differences were
recorded in the frequency of hair follicles in the
various groups.

DISCUSSION

Our morphometric analysis reveals objectively de-
tectable differences in the morphology of the
dominant and sex-linked types of ichthyosis. The
genetic carriers, i.e. forme fruste cases who were
clinically normal or had only mild skin changes.
appeared morphometrically to lie between the
nermals and the manifest ichthyotic patients.

The length of the skin surface was similar in
both forms of ichthvosis, showing that the general
roughness of the surface does not differ in these
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two forms of ichthyosis, although the surface
contour is characteristic and nearly diagnostic:
the scales are large and thick in the sex-linked.
but small and powdery in the dominant form.
In the histologic
greater area (amount) of stratum corneum in
the sex-linked than in the dominant form may
be duc to two factors. Firstly, the stratum cor-

sections, the considerably

neum in the I.d. is definitely thinner and secondly,
the stratum corneum of lL.d. may be bound to
the underlying structures more loosely and be-
come more easily detached and lost during biopsy
and tissue processing for microscopy. The latter
could be a definite source of error. In fact, the
standard deviation in the I.d. group was very
large, indicating an occasional loss of stratum
corneum.

The thickness of stratum granulosum is gener-
ally considered to be the most characteristic mor-
phological difference between the l.d. and ls.
forms of ichthyosis: the laver is thick in [.s. and

Table Il. Height of strarum granulosum (arbitrary
units)

Stratum
No. Diagnosis granulosum
1 [.d. m 0.16
S.D. 0.049
n 17
2 Ld.f.f. m 0.15
S.D. 0.033
n 24
3 l.s. m 0.21
S.D. 0.072
n 13
4 1.s.f.f. m 0.16
S.D. 0.030
n 19
S Control m 0.15
S.D. 0.031
n 75
Statistical analysis of differcnces:
| 2 3 4
2 o 0=2,>0.05
3 - - *=2P<0.05
4 o o b ** w2pP<0.01
S o o CLIC () **2 = 2pP<0.001

Scheffe's method 0.950
confidence coefficient 0.950
3 and 4 > all others
2 and S+ all others

3 ~all others
land 3 -2
land 3 - S
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Table 111. Area measurements (arbitrary units)
Stratum Stratum Stratum Basal
No. Diagnosis corncum granulosum spinosum cells
1 I.d. m 510 89 1 200 56
S.D. 300 32 3lo 8.4
" 16 17 17 74
2 [.d.f.f. m 550 78 970 44
S.D. 220 17 230 1
n 24 24 24 24
3 L.s. m 860 130 1 300 54
S.D. 540 54 300 13
n 13 13 13 13
4 1.s.f.f. m 580 91 1100 S0
S.D. 350 37 360 14
n 19 19 19 19
5 Control m 470 76 990 56
SIDY 220 19 260 12
n 74 75 75 74
Statistical analysis of differences:
Stratum Stratum
Stratum corneum granulosum spinosum Basal cells
1 2 3 4 1 2 3 4 1 2 3 4 | 2 3 4
2 o 2 o 2 L 2 LR X
3 - » 3 L] e 3 o ko 3 o *
4 o o o 4 [ o % 4 o o o 4 o o o
5 o o *rE Ie) 5 * o LR R * 5 0 0 LA R o 5 o * &% o o
Scheffe's method. confidence cocfficient 0.950
5<a.o. 2 and 5= a.o. 1 and 3>a.o. 2 and 4<a.o.
3 a.o. 3 and 4 a.0. 2 and 5<a.o. 2~ u.0.
1and 3=5 5<u4.0. 2<1,3and 4
3and 4 ~a.o. land 32
l and 5<3 1 and 5<3
3>a.o.
| and 5<4
0=2P ~0.05
*.2P-0.05
**-2pP<0.01
**e=2P=0.001

a.0. = all others

thin or lacking in I.d. Our measurements verify
this difference between the two forms of ichthyo-
sis. However, no difference was obejctively re-
corded between the I.d. and the control skin
samples. This finding differs from the general
view that the stratum granulosum in 1.d. is thin-
ner than in the normal controls (3). In this con-
nection it should be borne in mind that our
biopsies were taken from the lateral surface of
the arms and the differences there may not be
equally visible as in some other sites. In fact,
a closer look at Table I of Feinstein et al. (5)
sis. However, no difference was objectively re-
discloses that even though the stratum granulosum
in leg biopsies was thinner than in the controls. a

similar difference could not be found in the biop-
sics taken from the arm. Erickson & Kahn (4)
concluded that there is a marked decrease in the
thickness of stratum granulosum in ichthyosis vul-
garis. They did not, however, differentiate be-
tween the two forms of ichthyosis and the biopsies
were taken from the buttock.

The area of stratum spinosum is an indication
of the degree of acanthosis in the skin. It was
found to be increased in both forms of ichthyosis,
but there was no difference between the 1.d. and
I.s. forms. This finding corresponds to the gen-
eral notion obtained on the basis of visual esti-
mations. The fact that no marked differences were
found in the sizes of the basal cells would sug-
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Table IV. Capillaries and adnexa (arbitrary units)

Scbaceous Sweat Hair

No. Diagnosis Capillaries  glands glands follicles

I I.d. m 20 f 0.59 1.5 1.7
S.D. 7.0 (6/17) (15/17) N7
n 17

2 I.d.f.f. m 10 f0.74 1.9 i.7
S.D. 4.8 (13/24) (24,24) (21,24)
n 24

3 [.s. m 14 f 0.31 1.6 1.5
S.D. 4.6 (3/13) (12/13) (12/13)
n 13

4 l.s.f.f. m 9.4 f0.68 125 1.3
S.D. 27 (10/19) (18/19) (16/19)
n 19

S Control m 11 f 0.63 1.4 1.3
S.D. 4.2 (34/7%5) (69/75) (66/75)
n 75

Statistical analysis of differences:

Capillaries

| 2 3 4

2 e 0=2P>0.05

3 & & *=2P-0.05

4 R 2 o L L 2] % 2[) 00'

3 axs o . o **+_2pP-0.001

Scheffe's method, confidence coefficient 0.950
I and 3 = all others
2 and 4= all others

1 > all others

4< all others

gest that there are no great differences in the
rate of cell division and growth in these diseases.
The long basal membrane in both I.d. and I.s.
signifies the presence of papillomatosis in both
forms of ichthyosis.

Our findings of more capillaries in the dermis
of 1.d. than in Ls. and normal skin is an interest-
ing new finding. In fact, the number of capillaries
was twice the control number and is quite ap-
parent from a visual study of the sections, once
it has been pointed out. This would suggest that
the circulation in the I.d. dermis is more rapid
than in the L.s. or controls. We could not, how-
ever, find any definite difference in the amount
of the lymphohistocytic cells in the dermis.

The skin adnexa have been mentioned by sev-
eral investigators of ichthyosis and decreased
numbers of sebaceous and sweat glands have
usually been claimed (3, 7, 9, 12, 10). In more
recent investigations, differences have been found
between the two forms of ichthyosis. Wells &
Kerr (16) reported a decreased number of seba-
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ceous glands in I.d. while Ziprkowski & Feinstein
(18) found a normal number in Ls. but no glands
in L.d. Our findings differ from those cited above
since sebaceous glands were found in both forms
of ichthyosis vulgaris and, in fact, they were more
frequent in I.d. than in Ls. (6 out of 17 cases in
I.d. and in 3 out of 13 cases in I.s.). Therefore,
we do not consider the frequency of sebaceous
glands to deviate from normal in these two
diseases.

As to the frequency of sweat glands, Wells (14)
and Wells & Kerr (16) reported a reduction in
both types of ichthyosis. This could not be veri-
fied by Feinstein et al. (5). Frost & Van Scott (6)
also state that sweat glands appear histologically
normal in all forms ichthyosiform dermatoses.
Our findings would seem to corroborate those of
the investigators since
sweat glands was essentially the same in all groups
studied by us.

Hair follicles have been reported to be present
in all forms of ichthyosis and no specific differ-

later the frequency of



ences between the two types have been mentioned.
Our findings similarly do not disclose any differ-
ences characteristic of either form of the disease.

In the practical differential diagnosis of L.s.
contra 1.d., the characteristic features would be
the thick and compact stratum corneum of L.s.
and the looser structure of l.d. Stratum granu-
losum is prominent in [.s. but not in 1.d., acan-
thosis is the same, capillaries are more numerous
in I.d. but not in Ls., and there is no quantita-
tive difference in the adnexa. These criteria,
combined with the clinical picture. make the
differentiation of these two diseases quite feasible.
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