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Ichthyosis vulgaris is an autosomal dominant disorder 
of keratinization characterized histologically by absent 
or reduced keratohyaline granules in the epidermis and 
mild hyperkeratosis. The basic defect in ichthyosis vul­
garis is unknown. We have tested for the presence of 
filaggrin and its precursor, profilaggrin, in the epider­
mis of affected and unaffected individuals from 2 fami­
lies with ichthyosis vulgaris and correlated its presence 
and relative quantity with ultrastructure findings in the 
same individuals. 

Filaggrin was present on stained sodium dodecyl sul­
fate gels and immunoblots of epidermal proteins from 
controls and unaffected family members. It was absent 
from the more severely affected individuals in each 
family and reduced in intensity in the less severely 
affected family members. Immunohistology in controls 
showed localization of filaggrin-related protein in the 
stratum corneum and within the granular layer. In con­
trast, tissue from affected individuals showed little or 
no reaction. Electron microscopic studies showed that 
keratohyaline granules were absent in 3 severely af­
fected individuals, and reduced in number in the others. 
The relative amount of keratohyalin by electron micros­
copy correlated with the amount of filaggrin detectable 
on immunoblots. The stratum corneum was thicker than 
in normals but showed the typical "keratin pattern" 
staining suggesting that filaggrin is not essential for 
keratin filament aggregation and may have another 
function in vivo. 

We have demonstrated that the structural proteins, 
profilaggrin and filaggrin, are reduced or absent in 5 
patients from 2 pedigrees with ichthyosis vulgaris. This 
biochemical abnormality correlates with the morpho­
logic reduction in the amount of keratohyalin, and with 
the clinical severity of the disorder . 

Ichthyosis vulgaris is a common autosomal dominant disor­
der of keratinization characterized clinically by sca ling, kera­
tosis pilaris, hyperlinearity of the palms, and an association 
with atopy [1 - 3]. The biochemical defect in this disorder is 
unknown. Histologically, there is a decrease in, or absence of, 
keratohyaline granules in the epidermis, mild to moderate 
hyperkeratosis, and generally a normal rete ridge pattern [ 4]. 
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In some cases, small keratohyaline granules can be resolved by 
electron microscopy, but these are abnormal in structure and 
have been described as "crumbly" [5]. 

One of the main components of keratohyalin is the precursor 
form of filaggrin, a histidine-rich protein [6-8]. Human epider­
mal filaggrin has recently been isolated [9] and an antiserum 
prepared. We have used this antiserum to test for the presence 
of filaggrin and profilaggrin in the epidermis of patients from 
2 families affected with ichthyosis vulgaris, unaffected family 
members, and unrelated normal adults. The immunologic and 
biochemical studies are correlated with the histology and ultra­
structure of the epidermis in the same individuals. 

MATERIALS AND METHODS 
Patients 

The families were ident ified by clinical examination and the diag­
nosis confirmed by electron microscopy. All subjects were examined 
and fami ly histories were obtained (Fig 1) . All affected individuals had 
classic signs of ichthyosis vulgaris on at least one examination. These 
included fine scale which spared t he flexures and involved the face 
keratosis pilaris, and increased palmar markings. Several patient~ 
reported improvement in warm weather and/or had associated atopy. 
One affected individual was clinically normal at the time of the biopsy. 
She had been examined the previous winter and had classic signs of 
ichthyosis vulgaris. No affected individual had active eczema, and none 
of the patients had been using any topical agents for at least 1 month 
prior to the time of biopsy. An unrelated normal adult was also biopsied 
as a control. Informed consent was obtained from each subject; all 
subjects were adults. 

Two 3-mm punch biopsies were taken from t he posterior aspect of 
the nondominant arm using a Baker punch under anesthesia with 1% 
lidocaine with epinephrine injected lateral to the biopsy sites. Samples 
were transported in norma l saline. One biopsy was used for extraction 
of epidermal proteins. The other sample was bisected; one half was 
placed in 1/2-strength Karnovsky's fixative [10) for light and electron 
microscopic studies. The other half was placed in Carnoy's fixat ive for 
immunoperoxidase staining. 

Light and Electron. Microscopy 

Tissues were fixed for 2- 4 h in the cold, washed in 0.1 M cacodyla te 
buffer, and posttixed in 1% OsO. in distilled water for a n additional 
hour. They were washed again in buffer, then flooded with 1% aqueous 
ura nyl acetate for 1 h to s tain en bloc. Dehydration was ca rried out 
through a graded series of alcohols, into propylene oxide, and embedded 
in Epon 812 [ll). One-micron sections were cut for light microscopy 
and stained by t he method of Richardson eta! [12). Thin sections were 
cut at approximately 80 nm in th ickness, stained with uranyl acetate 
and lead citrate [13], and viewed in a Philips 201 transmission electron 
microscope. 

I mmun.operoxidase Localization 

Biopsy samples were fixed in Carnoy's fixative for 2 h , washed in 
absolute ethanol for 1 h, 95% ethanol for 1 h, and stored in 70% ethanol 
unti l processed for paraffin embedding. Five-micron sections were cut 
deparaffinized, and then rehydrated. Sections were preincubated with 
normal goat serum, then incubated with rabbi t a nt ifi laggrin (1:200 to 
1:1000 dilution). Binding was localized by sequential incubation in 
biotin -conjugated goat antirabbit lgG, avidin-biotin-peroxidase com­
plex, and peroxidase substrate [14). Sections were then dehydrated, 
permanently mounted, and photographed using a blue filter. 
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FIG 1. Pedigrees of the two families in this study affected wi th 
ichthyosis vulgaris. Males are indicated by squo.res, females by circles; 
I = deceased. 

~ 

FIG 2. Electron microscopy of affected individual B.II .l. a, Note the 
apparent absence of keratohyaline granules in the stratum granulosum 
(SG) . b, Aligned keratin fil aments (KF) but no keratohyaline granules. 
SC = stratum corneum. 

Epide rmal Protein Extraction 

The epidermis was incubated in 5 mM EDTA in phosphate-buffered 
saline (PBS) for 3 min at 50 "C and approximately 2 min in cold PBS, 
then separated from the dermis by gentle dissection. The epidermis 
was immediately homogeni zed in 8 M urea/50 mM Tris- HCI (pH 7.6)/ 
0. 1 M 2-mercaptoethanol/1 mM di thiothreitol/100 l'g/ml phenylme­
thylsulfonyl fluoride. The part iculate matter was removed by cent rif­
ugation at 10,000 g fo r 4 min . Protein concent ration was assayed by 
the BioRad method. 

Sodium Dodecyl Sulfate-(S DS) Polyacrylam ide Gel Electrophoresis and 
Detection of A n.tigen. 

T he discontinuous buffe r system of Laemmli 115] was used in 
polyac rylamide gradient gels (7.5- 15%). The sa mples were boiled for 
3- 5 min with 2% SDS and 3% 2-mercaptoethanol prior to the loading 
of 10- 14 l'g protein on each lane for electrophoresis. 

Proteins from unstained polyacrylamide gels were transferred elec-
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t rophoretically to a ni trocellulose membrane using a BioRad T ransblot 
apparatus (overnight at 60 V in T ris-glycine buffer, pH 7.5, with 20% 
methanol). The blots were incubated for 1- 2 h in 3% bovine serum 
albumin to block addi tional protein binding sites, then incubated 
sequentially in rabbi t ant iserum to human fil aggrin, goat antirabbi t 
IgG, and rabbi t peroxidase-antiperoxidase complex (Miles- Yeda, Inc. 
Elkhart, Indiana, 1:80 dilution). Incubations were done at room tem­
perature on a rocker platform wi th buffe r washes between each step. 
Color was developed by incubation in freshly prepared substrate solu­
tion co ntaining 50 mM Tris- HCl (pH 7.6)/ 0.05 mg/ml 3,3-cliamino­
benzidine- 1-J CI, O.Ol % H"0 2 , at room temperature for 30 s to :3 min . 

Antiseru.m 

Polyclonal ant iserum to human filaggrin was elicited in rabbits using 
the 37 kD doublet from the fin al stage of human filaggrin purification 
[9]. It was absorbed twice wi th human dermis prior to use. 

RESULTS 

Light and E lectron Microscopy (Fig 2) 

The epidermis of skin biopsy samples obta ined from a ffected 
a nd normal individua ls of both families was studied by light 
and electron mic roscopy. At the histologic level the epidermis 
from affected individuals: (1) was s light ly thickened and h ad 
exaggerated re te ridges; thickening seemed t o be a consequence 
of addit iona l layers in t he spinous region; (2) had a t hicke ned , 
compacted strat um corneum compa red wit h the basketweave 
appea rance of the stratum corneum norma lly seen in sectioned 
specime ns; (3) usua lly lacked kera tohyaline granules in cells of 
t he gr a nular zone; when keratohyalin was present (in less 
severely a ffected pa tients) it was neit her as la rge nor as den se 
as in norma l individua ls; a nd (4) had a differen t staining 
patte rn of cells in t he granular region compared wit h cells of 
t he spinous and basal layers . 

The epidermis of the more severely a ffected individua ls in 
both fa mili es was remarkable for variation in density of cells 
among different epidermal layers and absence of keratohyalin . 
The 3 layers of cells tha t would norma lly form t he stratum 
gra nulosum were more electron -lucent t ha n t he cells of the 
stratum spinosum a nd stratum germinativum (Fig 2a.). The 
difference in density between abnorma l luce nt and norma l 
dense zones was caused by va riations in cytoplasmic density 
a nd in t he a moun t and orga nization of keratin filam en ts. 
S maller a nd less intensely stained bundles of filaments were 
presen t in gra nula r layer cells compa red wi t h spinous a nd basal 
cells (Fig 2a ). The fil aments in t he gra nula r layer cells were 
aligned closely int o bundles of a s imila r s ize, but there was no 
visible "matrix" materia l associated with them (Fig 2b). Other 
organelles in the gra nula r layer cells appeared to be normal in 
numbe r and structure. There was no evide nce of an increased 
number of "T" (t ransitional) cells and t he cells of the stratum 

FIG 3. Electron microsocpy of less severely affected individual 8 .1.2. 
A small amount of electron-dense material is associated with keratin 
filaments forming abnormal keratohyaline granules (KHG). SC = 
stratum corneum. 
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corneum d id not appea r to be altered in t he extent of differen­
t iation , kerati n pattern , shape, or organ ization. 

S mall keratohyaline gra nules were presen t in granula r cells 
of less seve rely a ffected individuals, but compared wi t h norma l 
kerato hyalin , t hey appea red as fin ely gra nular deposits along 
materia l t hat joined adjace nt bundles of keratin filaments (Fig 
3). This form of kerato hyalin may be equivalent to the "crum­
bly" appearin g keratohyalin described by others [5]. The stra­
t um co rneum in t he more mildly involved patients was also 
normal in structure and t he morph ologic state of different ia­
tion. 

Jmmunoperoxida.se Localization of Filaggrin (Fig 4) 

Immuno histologic locali zation of filaggrin in t he normal con­
t rol (Fig 4a.) showed posit ive reaction in Lhe stratum corneum 
a nd in granules wit hin t he granular layer when compared wit h 

FIG 4. Filaggrin localization by ABC immunoperox idase stain (X 
350) . a, Normal control subject. Note sta ining in granular and cornified 
layers. b, Normal control subject; prei mmune serum contro l. c, Ich­
thyosis vulgaris pat ient (B. ll.l ). Note the negative reaction. d, Less 
severely affected ichthyosis vulgaris patient (B. I. 2) showing a posit ive 
reaction in granular and co rnified cells. 

the preimmune serum cont rol (Fig 4b ). T he 3 more severely 
affected subjects showed little or no reaction with t he ant ifilag­
grin ant ibody, eit her in t he stratum corneum or in t he gra nular 
layer (Fig 4c). The less severely affected individuals (F ig 4d) 
showed variable reaction in t he granular layer, consistent wit h 
t he variable quanti ty of keratohyaline granules demonstrated 
by light and electron microscopy. It should be noted t hat t he 
immunohistologic staining cannot be interpreted in a strictly 
quant itative manner because of possible masking of antigenic 
sites. 

Epidermal Protein Studies 

SDS ge l electrophoresis and immunoblot ident ificat ion of 
fil aggrin in individuals from 2 families wit h icht hyosis vulgaris 
and an unrelated normal cont rol are shown in F ig 5 (see also 
Fig 1) . The major structure proteins of epidermis, t he 40- 70 
kD keratins, were similar in all affected and normal individuals 
(Fig 5, lanes 1- 8). Filaggrin , a diffuse band of approximately 
37 kD, was ident ified on t he stained SDS gel (Fig 5A) and t he 
immunoblot (Fig 5B) , in t he norma l cont rol (lane 1) and 
unaffected family members A.II. 4 and A.I.l . It was absent in 
subject A.II.5, and margina lly detectable in A.II .3 and B.II.l , 
a ll severely affected. Subjects B. I. 2 and B.II.2 had reduced 
amounts of fil aggrin compared wi t h t he normal cont rol. B. I. 2 
was mildly affected and B.II.2 was free of cl inical signs at t he 
t ime of t he biopsy. 

DISCUSSION 

The underlying biochemical abnormali ty in ichthyosis vul ­
garis is not kn own. Transit t ime [16], lipid synt hesis (17], a nd 
keratins (18] a ll appear to be normal. Baden et al [19] demon­
stra ted a decrease in the incorporation of histidine in the 
uppermost layers of t he epidermis of patients with ich t hyosis 
vulgaris. This decrease in incorporation corresponded wit h t he 
absence of keratohya line granules at t he light microscope level. 

Keratohyalin contains a histidine-rich protein [20-22] which 
is t he precursor fo rm (profil aggrin ) of the stratum corneum 
histidine- ric h protein , fil aggrin, a keratin filament aggregating 
protein [6-8,23,24]. The present study has demonstrated an 
absence or reduction in t he amount of !ilaggrin in individua ls 
wi t h icht hyosis vulgaris which appears to be correlated wit h 
clinical severi ty. Protein analysis, immunoperoxidase tissue 
loca lization , light and electron microscopic studies are a ll con­
sistent wi t h a reduction in fil aggrin in t he stratum corneum 
and wi th its precursor in t he keratohyaline granules of t he 
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FIG 5. SDS-polyacrylamide gel elec­
trophoresis of epidermal proteins and 
tilaggrin im munoblot. Epidermal pro­
te ins extracted from biopsies were sepa­
rated on 7.5-15% polyacrylamide SDS 
gels and stained with Coomassie Bril­
liant Blue (A) or transferred to ni trocel­
lulose and stained by the perox idase­
antiperox idase reaction after incubation 
with antiserum to human filaggrin (B) . 
The position of standard proteins is 
shown on the left wi th molecular weight 
X 10-3 indicated. Lane 1, normal control; 
lane 2- 5, Family A, 11.5, II.3, 1.1 , and 
1!.4; lane 6- 8, Family B, ILl, II .2 and 1. 2. 
A rrows indicate position of tilaggrin. 
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granula r layer of t he ep idermis. Voo rhees et a l [25 ] demonstra­
ted a s imilar lack of histidine-rich protein associated wit h a n 
absence of kerato hyaline granules in psorias is. 

T he reduction in fi laggrin was also shown by t he immuno­
blots of SDS gels; however, t he a ntibody was less effective in 
reproducib ly sta ining a discrete profi laggrin band. P rofil aggrin 
of roden ts a nd human s [26-28], is known to be a n extremely 
large p rotein . Weak high -molecular-weight staining is detect­
able in F ig 5 a nd in other blot s (n ot s hown) , and represen ts 
profil aggri n . ['1H)Histidine is readily incorpo rated into t his 
band in orga n culture (Fleckma n, Dale, Holbrook, manuscript 
in p reparation ), confi rming its iden t ity as profil aggrin . Its 
stain ing in tensity fo llows t he same general pattern as t he 
fi laggrin reaction (negative or weak in affected individua ls a nd 
stronger in unaffected family members a nd normal con trols). 
This is, in genera l, consisten t wit h t he number of keratohyaline 
granules seen by light a nd electron microscopy and wit h t he 
immunoperoxidase t issue staining. T hus, the absence of filag­
gr in is probab ly due to an absence of p rofi laggrin from which 
it is derived, rather t ha n a n accumulation of p recursor due to 
a block in its conversion to fi laggrin , in which case increased 
amoun ts of p rofil aggr in and keratohyaline granules would be 
see n. 

It has been p revious ly suggested t hat fi laggrin functions as 
the keratin matri x p rotein wit h in cells of t he stratum corneum 
[29]. l n our subjects lacking fi laggr in , t he stratu m co rneum was 
more compact and t hicker t han in norma ls but did show t he 
keratin pattern originally described by Brody [30], in which 
lightly stain ing fi la men ts a re surrounded by a darkly staining 
matrix. T he hypothesis t hat fi laggrin functions as the matrix 
was based on t he rapid aggregation of fi laggrin and ke ratin 
fi laments in vitro to fo rm bu nd les of fi la ments (macrofibrils). 
Our resu lts suggest t hat other epidermal com ponen ts may 
contribute to t his role in vivo which may not be t he primary 
function of fi laggrin. Other roles suggested fo r filaggrin include 
th e p roduction of free a mino acids, urocanic acid, a nd pyrogen ­
tamic acid, whose function in t he stratum corneum is not yet 
understood [31). 

Genetic co ns iderations suggest t hat the absence of filaggrin 
may not be t he p rima ry genetic de fect in ich t hyosis vulgaris . 
T his is a n autosoma l domina n t d isorder in wh ich affected 
individua ls are heterozygous fo r a normal a nd a n abnorma l 
allele. As such, one should see both gene products, a normal 
a nd an abno rma l p rote in . T he complete absence of p rofilaggrin 
and fi laggrin in t he severely a ffected subjects and t he reduction 
in t he mildly a ffected individua ls found in t his study suggest 
that the abnormality in profilaggrin a nd fil aggrin p roduction 
may be secondary to a n abnorma li ty in a facto r (s) which 
modulates p rofi laggrin / fil aggrin syn t hesis. S imila rly, t he com­
plete absence of keratohyaline gra nules in t he most severely 
affected individ ua ls suggests t hat the ult rastructural abnor­
mali ty in keratohyalin is a lso not t he primary abnorma li ty. A 
variety of extrinsic factors may modulate t he expression of 
ke ratohyalin , p rofi laggri n a nd fi laggrin causing variation in the 
clinica l severi ty of t he d isorde r. 

T he authors wish to thank Janel Kimball , Julie Scofield, and Mary 
Hoff fo r technical assistance, and Bonnie McLoughlin for help in the 
preparation of the manuscript. 
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