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Congenital (non-bullous) ichthyosis is a rare group of
keratinizing disorders which can be tentatively subclassi-
fied based on clinical criteria, analysis of transglutami-
nase 1 gene mutations and electron microscopy of
epidermis. We studied 83 patients who were all on
topical therapy and in 16 cases also on oral retinoids.
Three main groups of patients were distinguished: (A)
those with transglutaminase 1 gene mutations (n=44),
(B) those without transglutaminase 1 gene mutations
showing a coarse, generalized scaling (n=19), and (C)
those without transglutaminase 1 gene mutations showing
only fine or focal scaling (n=20). On clinical scoring,
patients in group A were more hyperkeratotic and less
erythematous than those in group B (p <0.05). Anhidrosis
was recorded in nearly all patients (>80%), but
ectropion and a collodion phenotype at birth were more
common in group A versus other groups. Ultrastructur-
ally, a high frequency of type I (Anton-Lamprecht’s
classification) was found in all three groups (37-63%),
20 cases of type II in group A and a few cases of types
IIT and IV in groups B and C, respectively. In conclusion,
transglutaminase 1 gene mutation is a major cause of
congenital ichthyosis in Sweden and Estonia, and is often
associated with severe scaling and ultrastructural type II
in corneocytes. The transglutaminase-unrelated cases are
more heterogeneous, probably reflecting a more varied
aetiology. Key words: electron microscopy; lamellar
ichthyosis; transglutaminase 1 mutation.
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Autosomal recessive congenital ichthyosis (ARCI)
is characterized by epidermal hyperkeratosis with
widespread scaling and a variable degree of erythema.
In contrast, the more common types of non-bullous
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ichthyosis, autosomal-dominant ichthyosis vulgaris and
X-linked recessive ichthyosis are clinically less severe
and hardly ever present at birth (1). Depending on the
prevailing clinical features, non-syndromic ARCI is
traditionally separated into lamellar ichthyosis (LI) and
congenital ichthyosiform erythroderma (CIE), each
with a prevalence of <1/100,000 (1), but the distinction
is often ambiguous. Adding to the complexity, a rare
autosomal-dominant form of LI has also been described
(2).

A recently discovered cause of some forms of ARCI
is deficiency of transglutaminase 1 (Tgase 1), a cross-
linking enzyme that is essential for the formation of
cornified cell envelopes in epidermis (3). Homozygous
or compound heterozygous mutations in the Tgase 1
gene (TGM1) on chromosome 14ql11.2 explain about
half the cases of ARCI (4-6). Additional loci have
recently been mapped to chromosomes 2q34, 3p21,
17p13, 19pl12-q13 and 19pl3 (7-9), but the exact
relationship between these findings and the patho-
genesis of ARCI is still enigmatic.

The complexity of the aetiopathogenesis is also
apparent when epidermis from ARCI patients is studied
by electron microscopy (EM) (10). At least four dif-
ferent EM patterns have been found: type I, character-
ized by lipid droplets in corneocytes; type II, showing
so called cholesterol clefts; type III, showing peri-
nuclear, elongated membranes; and type IV, character-
ized by membrane aggregations in upper epidermal cells
(11-14). Exactly how these different EM types relate
to the aetiology and clinical subgroups of ARCI is
presently unclear.

Fig. 1. Examples of clinical presentations in group A (a—c), group
B (d-f) and group C (g—1i), (see Table I for group definition and
abbreviation). a) severe LI in an Estonian male with EMtype I, b)
a woman with extensively treated LI, c¢) infant with LI (after shed-
ding of collodion) with EM-type II, d) well-treated LI/CIE in a
woman with EM-type III, e) LI predominantly expressed on the
arms (EM-type 1), f) CIE in a 2-year-old girl with EM-type 1, g)
patchy ichthyosis mainly confined to the trunk (EM-type I), h)
focal velveted hyperkeratosis in the axillae of a man with EM-type
IV, and i) fine scaling with no erythema (CIFS) in an Estonian girl
with EM-type I.
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Our aim was to show the -characteristics and
prevalence of various subtypes of ARCI in a large
group of patients with or without TGM1 mutations.
Details of the TGMI1 analysis will be presented
elsewhere!. Patients with syndromic CI were excluded
in this study.

MATERIAL AND METHODS

Patients

Eighty-three patients from 64 Swedish and 8 Estonian families
fulfilling the criteria for non-syndromic ARCI (for review,
see ref. (1)) were included in the study. The patients were
recruited in the period 1997-2001 through contacts with the
Swedish patient organization for ichthyosis, via letters to all
dermatology departments in Sweden and Estonia, and by
visits to many of these departments for personal interviews
and examination of patients. Exclusion criteria were: (i) signs
of syndromic ichthyosis, (ii) lack of information about
ichthyosis in infancy, (iii) congenital ichthyosis but no
follow-up after the neonatal period, and (iv) a family history
incompatible with autosomal recessive inheritance. Male
patients without a proper knowledge of their family history
were screened for steroid sulphatase deficiency (15) to exclude
early onset X-linked recessive ichthyosis. Patients with a
history of repeated bacterial infections were screened for lipid
vacuoles in blood cells to exclude Chanarin-Dorfman syndrome
(1). Other types of syndromic ichthyosis, e.g. the Sjogren-
Larsson, Refsum, KID, Tay, Comel-Netherton and Vohwinkel
syndromes, were excluded based on their typical clinical
features (for review, see ref. 1).

There was no family history of ichthyosis in any of the
patients, except when two siblings were affected (10 families)
and in one previously reported family (4) in which the mother
was also affected by LI and the father carried a TGMI
mutation. Eight of the Swedish patients were of foreign
extraction: two from Iraq and one each from Cuba, Finland,
Iceland, Norway, Poland and the USA.

The patients (or parents) were given written information
about the study and were asked about their willingness to
participate. The study was approved by the local ethics
committees at Uppsala University and Tartu University.

All patients were examined by at least two of the authors
(AG and AV) using a standardized protocol focusing on any
abnormalities in body stature, psychomotor function, dental
status, eyes, ears, nails and hair. The type of scaling was
characterized (generalized or focal, lamellar or fine) and,
whenever possible, was classified as LI or CIE. In addition,
the severity of ichthyosis and the severity of erythema were
scored separately from O (none) to 4 (very severe) in 9
different skin regions (trunk, arms, legs, face, scalp and neck,
hands, feet, knees/elbows, and flexural areas). The sum of the
9 scores was calculated after multiplying each value by a
factor proportional to the size of the corresponding skin area
relative to the whole body surface (calculated from the “rule
of nine”, i.e. trunk 0.36, legs and feet 0.36, arms and hands
0.18, etc.). In this way, a weighted total score of maximally
4.0 was achieved for ichthyosis and erythema, respectively.

The patients (or parents) also completed a questionnaire, the
answers to which were discussed at the time of examination.

Pigg M, Vahlquist A, Ganemo A, Matson H, Virtanen M, Gedde-
Dahl Jr T, Westermark P, Dahl N. The transglutaminase 1 gene in
autosomal recessive congenital ichthyosis from Sweden and Estonia:
Identification of nine novel mutations. Hum Genet (submitted).
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Questions highlighting the patient’s family history, skin
symptoms at birth, sweating ability and ongoing or previous
therapies were included.

Laboratory investigations

Mutation screening: DNA was prepared from blood of all
patients and analysed for TGM1 mutations as described
elsewhere (6).

Electron microscopy: A punch biopsy (3 mm) of involved skin
was performed in 72 patients. The skin samples were fixed in
3% glutaraldehyde before being processed for transmission
EM according to standard procedures.

Statistics

The chi-square test was employed to compare the three
diagnosis groups regarding sex and clinical characteristics.
Analysis of variance (ANOVA) and post hoc analysis with the
Tukey honestly significant difference test was used to compare
the same groups regarding differences in age, ichthyosis and
erythema scores.

RESULTS

Delimiting three groups of patients

Of the 83 patients (72 families) fulfilling the inclusion
criteria for ARCI, 44 (35 families) were found to carry
disease-causing TGM1 mutations on both alleles. On
DNA sequencing of the protein coding region, the
remaining 39 patients (37 families) were all negative
for TGM1 variations (except for a single nucleotide
polymorphism —pm520—on one allele). Based on these
results and on the clinical examination, three groups of
patients were distinguished (Table I). The largest group
(A) comprised patients with TGM1 mutations who
presented with LI or CIE, except in two cases that had
only mild or focal ichthyosis mainly confined to the
trunk (Fig. la—c). Group B also included patients with
LI or CIE, but without TGM1 mutations (Fig. 1d-f).
In contrast, patients in group C (who also lacked
TGMI1 mutations) had fairly mild symptoms with little
or no erythema (Fig. Ig—i). This phenotype was
distinguished as congenital ichthyosis with fine or
focal scaling (CIFS).

Distribution of nationality gender and age

The Swedish and Estonian patients were similarly
distributed between the groups (see Table I), but not
surprisingly the Estonians were always in the minority
(population sizes: Estonia 1.4 million, Sweden 8.9
million). Both sexes were equally represented in
group A, but a preponderance of women (60—76%)
was seen in groups B and C. The mean age was similar
in the three groups, but a look at the age distribution
(Fig. 2) shows that as many as 57% of the patients in
group A were below the age of 20, as compared to
32-45% in groups B and C.
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Table 1. Clinical and electron microscopic (EM) findings in the three groups of patients

Group A B C
Main clinical subtype LI or CIE LI or CIE CIFS
TGM1 mutation yes no no
No.
Families, Swedish/Estonian 30/5 17/1 17/2
Patients, Swedish/Estonian 3717 18/1 18/2
Females n (%) 22 (50) 13 (67) 12 (60)
Age
Mean +SD 24+18 30425 26+24
Median (range) 19 (0.5-71) 30 (1-81) 23 (0.5-79)
Clinical scores | p<0.001* ‘
Ichthyosis, mean +SD 2.6+1.0 p<0.05 2.0+0.8 p<0.05 1.2+0.3
Erythema, mean +SD 0.74+0.6 p<0.05 1.1+1.0 »<0.001 0.3+04
Born with collodion n (%)
Typical 35 (80)*** 7 (37) 7 (35)
Atypical or uncertain 7 (16) 11 (53) 8 (40)
Ectropion n (%) 31 (T1)*** 8 (42) 1(5
Alopecia n (%) 15 (34) 5 (26) 2 (10)
Anhidrosis n (%) 39 (87) 19 (100) 16 (80)
Palmoplantar keratoderma n (%) 38 (86) 15 (79) 10 (50)**
Assoc. abnormalities 7 (%)
Neurological® 3(7) 2 (11) 2 (10)
Malformation® 5(11) 6 (32) -
EM type n (%)
1 13 (37) 11 (58) 12 (63)
11 20 (57) 1 (6) -
111 - 3(17) -
0% - - 2 (11
Harlequin-like - 39(17) -
Non-definita 3 (6) - 5 (26)

**p<0.01, ***p <0.001 = Significant difference vs. the other two groups (chi-square).

#Anova analysis (Tukey HSD).

®Neurological findings were: mentally retarded, speech disturbance, deafness and neuropathy in an arm.

“Malformation of ears, fingers and toes.

9Two of the patients are reported in a previous publication (ref. 16). LI=lamellar ichthyosis, CIE =congenital ichthyosisform erythroderma.
CIFS =congenital ichthyosis with fine or focal scaling, TGM1 =transglutaminase 1gene.

Clinical scores and some special features

The clinical scores further illustrated the phenotypic
differences between the groups (see Table I). The
ichthyosis score was significantly higher in group A
than in group B (p<0.05), and in turn higher than in
group C (p<0.05). The erythema score, on the other
hand, was highest in group B (p <0.05 vs. group A and
p<0.001 vs. group C). Despite the differences in clinical
severity, a high proportion of patients in all three
groups were born as typical collodion babies (35-80%),
had palmoplantar keratoderma (50—86%) and suffered
from anhidrosis (80 — 100%). Ectropion, however, was much
more common in group A (71%) than in group C (5%),
and group B had the highest prevalence of extra-
cutaneous abnormalities (42%).

Electron microscopy findings

At the ultrastructural level, many different abnormalities
were seen in the upper epidermis, some of which
appeared to be group-specific (see Table I). Thirty-six

patients in group A were available for EM analysis, the
majority of which showed type I (37%) or type 11 (57%)
according to the Anton-Lamprecht classification (10).
In contrast, the EM findings in groups B and C were
mainly of type I (58—63%). However, one case of type
IT and several cases of type III and a harlequin ichthyosis
(HI)-like EM picture (16) were found in group B, and 2
cases of type IV (a boy and an unrelated man from
northern Sweden —see Fig. 1h) and several examples of still
unclassified EM abnormalities were found in group C.

Preferred treatments

All patients were on some type of topical therapy for
ichthyosis (but were asked not to apply anything for
>12 h prior to examination) (Table II). About 1/3 of
the patients in groups A and B had past or ongoing
treatment with oral acitretin (0.5-1.0 mg/kg/day). In
contrast, only 10% of the patients in group C had this
experience. A plethora of different topical therapies,
usually applied 1-2 times per day, was reported by the
patients. There were no consistent differences between
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B Group A (LUTGM1) |
0O Group B (LI/CIE)

| Group C (CIFS)

No.of patients

T T T l_‘ 1
20-29 30-39  40-49 50-59 60-69 70-79 >80
Age (years)

Fig. 2. Age distribution of patients belonging to different groups of
ichthyosis. Groups as in Table 1.

the groups in this respect, but ointments containing
salicylic acid and calcipotriol were only rarely used by
severely affected adult patients. The three most popular
cream additives were (in decreasing order of frequency):
(1) urea, 4—10%, (ii) alpha-hydroxy-acids (e.g. lactic
acid, 5%), and (iii) a combination of lactic acid and
propylene glycol (5%/20%) in a semi-occlusive cream
base.

DISCUSSION

Our study, which comprises one of the largest series of
patients with ARCI hitherto reported, clearly illustrates
the clinical and aetiologic heterogeneity of this group of
rare diseases. We estimate that the 73 Swedish patients
represent a majority of patients with ARCI living in
this country, corresponding to a prevalence of about
1/100,000 also reported by others (1, 5, 6, 17). However,
we cannot exclude the possibility that patients with
mild forms of ARCI (e.g. CIFS in group C) may have

escaped our detection and are underrepresented in the
study. Similarly, failure among older and disillusioned
patients to seek dermatological advice despite having a
major skin problem is a reality that might contribute
to the skewed age distribution, especially in group A
(see Fig. 2). It is also possible that a high neonatal
mortality of collodion babies in the past may have
contributed to a reduced number of older individuals
in our study, whereas today life expectancy is almost
normal for a patient with ARCI. Finally, one should
not totally disregard the possibility that the unexpec-
tedly high number of children in our study (ARCI
prevalence 1-20 years, approx. 1/50,000) represents a
real increase in incidence of the disease over the past
15-20 years.

In our series of patients, we could confirm that
deficiency of epidermal Tgasel due to homozygous or
compound heterozygous TGM1 mutations is a major
cause of ARCI, accounting for more than half of the
cases in Sweden and Estonia. Details of the newly
discovered TGM1 mutations and about the genotype/
phenotype correlations in individual patients are
presented elsewhere (see previous footnote). Interest-
ingly, although most of the patients in group A suffered
from generalized LI/CIE, two had mild or only focal
ichthyosis. This corresponds with previous reports
on TGMI1 missense mutations associated with a mild
phenotype (9, 18), and supports the concept of a
generally poor genotype/phenotype correlation in
patients with TGM1 mutations (4, 5, 8, 9, 17, 19, 20).

An even greater variation in the clinical presentation
was found among TGMI-unrelated forms of ARCI
(groups B and C). Patients were assigned to group B
when they had LI or CIE of a similar severity as in
group A. In contrast, patients in group C had a milder
phenotype (CIFS) with fine or focal scaling and little or
no erythema. Similar cases have probably been called

Table II. Treatments used by patients in the three groups (see Table I)

All Patients

Group A Group B Group C Swedish Estonian

Treatment n=44 n=19 n=20 n="73 n=10
Oral retinoids n (%)

On-going 11 (25) 4 (21) 1(5) 14 (19) 2 (20)

Previously 6 (14) 3 (16) 1 (5 10 (12) -
Creams containing® n (%)

Urea 2-10% 21 (48) 11 (58) 8 (40) 32 (44) 8 (80)

LPL® 14 (32) 2 (11) 2 (10) 18 (22) -

AHA® 1-5% 3(7) 1(5) 3 (15) 7 (8) -

Salicylic acid 2-5% 49 2 (11) - 34 3 (30)

Calcipotriol 2 (5) - - 2(2) -

Propylene glycol 10-20% 1(2) 1 (5) 3 (15) 5(6) -

Blend emollient 6 (14) 3 (16) 4 (20) 10 (14) 3 (30)

“Some of the patients used more than one cream.

°LPL = Lactic acid 5%+ Propylene glycol 20% in Locobase (Lipobase) cream.

°AHA = Alpha-hydroxy-acid.
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non-LI/non-CIE in the past (21). This group of patients
is probably at least as heterogeneous as group B in
terms of clinical diversity and genetic background.
Adding to the complexity of this matter, there are
situations when a clear distinction between CIFS and
mild forms of CIE or LI simply cannot be made,
especially when patients are followed over time or the
treatment is changed. For example, seven of the
patients in group C showed a severe phenotype at
birth, but had only mild skin symptoms after shedding
the collodion membrane, a phenomenon also known as
“self-healing collodion baby” (22).

One way to circumvent a crude classification of
ARCI based on archetypes is to try to quantitate the
patient’s various skin signs. To our knowledge, no such
analysis has been undertaken in ARCI in the past,
although this is a common approach in psoriasis
and atopic eczema. For this purpose, we designed a
PASI-like scoring system (23) that involves only two
variables: ichthyosis (=scaling/xerosis) and erythema,
recorded in predetermined skin areas. In order to
minimize the influence of therapy on the scores,
patients were told not to apply any topical agents for
>12 h prior to investigation. The statistical analysis of
the area-related mean scores showed predictably that
group C differed significantly from the other groups
(»<0.05-0.001) with respect to both ichthyosis and
erythema. Perhaps more intriguingly, ichthyosis was
most intense in group A, whereas erythema was most
intense in group B (p<0.05 vs. the other group), thus
confirming our general impression of subtle differences
between the phenotypes in the two groups of patients.
Incidentally, the sensitivity of the scoring system will
probably be useful also when testing new treatments for
ichthyosis.

The high prevalence of anhidrosis in all groups of
ARCI is worthy of comment. When hot, the patients
turn red and become exhausted, but never experience
sweating, except possibly in a small area on the upper
lip or forehead. The pathophysiology of anhidrosis
in the presence of sweat glands is poorly understood,
but obstruction of the sweat duct due to hyperkeratosis
is the preferred hypothesis. However, this explanation
is difficult to reconcile with the lack of correlation
between the prevalence of anhidrosis and the severity
grade of ichthyosis in the three study groups.
Furthermore, the sweating problem is difficult to
mitigate even when using potent anti-keratinizing
agents like acitretin (AV, unpublished observation).

About 1/3 of the Swedish and 1/5 of the Estonian
patients (mainly in groups A and B) used oral retinoid
therapy on and off. In addition, all patients had tried a
variety of topical remedies, including mechanical
removal of scales by pumice, etc. The preferred topical
therapy differed between the groups and between the
countries. Whereas creams containing 5—10% urea

were the most popular, a new cream formulation
containing lactic acid and propylene glycol (24) was
frequently used by Swedish patients, especially in group
A. Generally, the Estonian patients appeared to be less
vigorously treated than their Swedish counterparts, and
mainly used creams containing 2—5% salicylic acid or
5-10% urea.

On EM analysis of epidermis, patients in group A
appeared more homogeneous than the other groups of
patients. Specifically, 20 cases of EM type II (chole-
sterol clefts) were found in this group (57% of the
investigated samples) but in only one patient in group
B. Since previous data also suggested that EM type II is
closely linked to TGM1 mutations (17), the exceptional
patient in group B will be further studied with respect
to his Tgase 1 expression in epidermis. Group B was
otherwise characterized by a high (58%) frequency of
EM type I (lipid droplets) and a few cases each of type
IIT (perinuclear membranes) and a previously reported
harlequin-like EM picture that is coupled to severe CIE
with finger/toe malformations (16). Contrary to a
Finnish report of type III associated with CIE (13),
our 3 patients (2 adult sisters and an unrelated girl) had
LI of variable severity (for example see Fig. 1d). Group
C, finally, showed a high (63%) frequency of EM type I
and a few cases of type IV (membrane aggregations).
The latter patients also fulfilled the clinical criteria of
“prematurity ichthyosis™, i.e. they were males born
8—-10 weeks prematurely with signs of asphyxia and
massive hyperkeratosis on the scalp, gradually trans-
forming into a mild, non-scaly ichthyosis after the first
few weeks of life (14). This type of ARCI has recently
been found to be linked to a locus on chromsome 92,

In conclusion, although ARCI is a heterogeneous
group of diseases with many overlapping features, it is
possible to distinguish certain subtypes using a com-
bination of genetic testing, careful clinical examination
and EM analysis of skin biopsies. Since several
additional causes of ARCI have recently been identified
(25, 26), there is reason to be optimistic about a future
development where DNA-based screening can be offered
for all types of ichthyosis, which would facilitate diagnosis,
prognosis making, and genetic counselling.
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