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Abstract

Introduction: Felix Pinkus’ concept of the vitreous mem-
brane (VM) published in 1927 describes circular folds pro-
truding into the outer root sheath (ORS), which, in his opin-
ion, serve as interdigitations between the outer root sheath
(ORS) and the VM. This concept currently seems to have fall-
eninto oblivion. Objective: To determine the origin and pos-
sible function of the VM in the proliferation and vasculariza-
tion of the hair follicle (HF). Methods: Serial investigation of
healthy skin probes with histological (hematoxylin & eosin
and periodic acid-Schiff) and immunohistochemical exami-
nation (Ki67, CD56, CD8, and collagen IV) were performed.
Results: Morphological variations of the VM in various HFs
such as protrusions and folds, the latter unilateral, bilateral
or circular, some acute-angled, were found. Similarly, protru-
sions of the VM into the ORS were observed, that consisted
of capillary tissue together with perifollicular tissue and VM
mimicking minimal variants of the dermal papilla. Conclu-
sions: Pinkus’ concept of the VM s revisited, reproduced and

possible functions are proposed. Since these structures are
found in a HF region with a high metabolic dynamism, they
may be involved in differentiation or nutrition, or else be
formed as a result of pressure arising from outgrowing hair
shafts. © 2019 S. Karger AG, Basel

Introduction

The vitreous (glassy, basement, or hyaline) membrane
(VM) around the outer part of the hair follicle (HF) [1]
separates the follicular outer root sheath (ORS) from its
adjacent fibrous sheath as a connective tissue-epithelial
junction [2]. In the contemporary literature, collagen I'V-
positive VM [3, 4] is described as a noncellular layer de-
tectable by light microscopy that invests the entire HF.
During the hair cycle, it undergoes characteristic mor-
phological changes (Table 1). It is known that the ultra-
structure of the VM comprises 3 separate elements. On
the inside, there is a tangle of argyrophilic fibrils inter-
digitating with serrations of the ORS cells; just peripheral
to this layer is a thin but distinct non-stainable (with pe-
riodic acid-Schiff [PAS]) membrane followed by the thick
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PAS-positive hyaline membrane [5]. In the current litera-
ture, the VM is mostly depicted as a smooth, uniform
structure. In contrast, Pinkus’ concept is that the VM has
folds that merge deep into the ORS and can reach the
same thickness as the glassy membrane itself [6, p. 128].
He interpreted these folds as annular, shelf-like appendi-
ces (Fig. 1a, b) [6, pp. 128, 192].

This study aims to investigate the validity of Pinkus’
concept and search for these structures in normal HF-
bearing skin.

Materials and Methods

Routine histology from 11 human scalp and beard samples
obtained from otherwise healthy patients (2 males and 9 females
aged 30-73 years) undergoing routine surgery at our department
for basal cell carcinoma, dysplastic nevus, actinic keratosis, pseu-
dopelade Brocq, and androgenic alopecia were examined histo-
logically.

These samples, taken from the healthy margins of the biopsy
specimen, were paraffin-embedded, cut into 6-um slices, and
stained with hematoxylin & eosin (HE) and PAS. The skin from 1
person was additionally stained for Ki67, CD56, CD8, and collagen
IV (Table 2). The stained slides were compared to Pinkus’ paint-
ings and sketches. To observe the distribution of agyrophilic nerve
fibers in these variations of the VM, Gomori staining was used on
slides from 2 different patients.

Staining Methods

Paraffin-embedded slides were pretreated with xylene and al-
cohol in decreasing concentrations routinely. Avidin-streptavi-
din staining [7] and the alkaline phosphatase (AP) anti-AP
(APAAP) technique [8] were accomplished using conventional
protocols.

Results

Variations in Morphology of the VM

In all 11 patients, we found folds that consisted entire-
ly of VM material and protrusions composed of VM plus
connective tissue and capillaries. These variations were
all found in the transitional zone, i.e., the hair cycle-de-
pendent part of the hair follicle. In the “2-dimensional”
slides, there were 3 types of fold: (i) unilateral, i.e., only
on 1 side of the hair follicle, (ii) bilateral, and (iii) circular.
Unilateral folds were found in 4 of 7 investigated speci-
mens (Fig. 2a). These reached a maximal length of 171 um
and a thickness of 2-3 yum. In 2 of these 7, the folds ex-
tended deep into the ORS in the opposite direction to the
hair growth, with a thickening of the ORS in the affected
area (Fig. 2a, b).
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Table 1. Morphology of the vitreous membrane in relation to hair
follicle (HF) growth [1]

Hair cycle stage  Proximal part of HF ~ Distal part of HF
Early anagen thin, inconspicuous thin

Late anagen 500-1,000 A

Early catagen thick

Later catagen thin, inconspicuous  highly pleated, thick
Telogen unchanged resorbed

In 2 of 7 biopsies, a bilateral fold was seen. Two pa-
tients showed circular folds (Fig. 2c); 1 had the folds at
regular intervals, which resulted in a 2-dimensional
rope-ladder pattern (Fig. 2d). The folds consisted of
clear duplications of the innermost PAS-positive layer
of the VM with only a sparse or absent middle layer (in
3/7) (Fig. 2¢[i]). In 4 out of 7, duplication was not clear-
ly present (Fig. 2d, e). Only 1 fold was connected to the
inner root sheath (IRS; not shown). In one HF, a cystic
structure was seen in direct contact with the fold
(Fig. 2e).

Cone-like protrusions of the ORS were seen near to
large folds in 2 of 7 specimens (Fig. 2a, b). No capillaries
were found in these folds in the basement membrane of
the dermoepidermal junction.

Protrusions of the VM were seen in 8 cases, each con-
taining a capillary (Fig. 3a, b). A pectinated, inlaying lay-
er of fibrils of the VM was found on most of the protru-
sions, but not any of the folds (Fig. 3c). All protrusions
had 1 capillary inside like in the papillary dermis of the
skin.

Staining Patterns

The folds and protrusions stained positive for PAS and
Gomori and showed a continuity of the staining patterns
from the VM to the folds. Alcian blue was negative in the
cystic formation in the ORS. The collagen IV marker for
VM stained positive in all the folds and protrusions inves-
tigated, specifically the innermost part of the VM (i.e., the
fibrils) and its outer layer. Interestingly, the marker re-
vealed a nonstainable layer of internal fibrils that ema-
nated from the outer layer and penetrated through the
middle and innermost layers (Fig. 3d). Protrusions of the
VM into the HF showed the innermost membrane with
its pectinate fibrils positive, the middle negative, and the
outer layer positive for collagen IV (Fig. 3¢).

Detection of Ki67 and CD56 (NCAM) was not in-
creased within the ORS folds and protrusions. The sur-
rounding ORS of the folds and protrusions was negative

Stieler/Vogt/Sterry/Haas/Blume-Peytavi



Table 2. Antibodies used for immunohistochemistry

Antibody (clone) Specificity Source Dilution  Target retrieval Method

Ki67 proliferation in outer root sheath cells [15] Dako 1:50 citrate buffer pH6 ~ peroxidase
CD8/CK15 hair follicle stem cells [16-18] Dako 1:100 citrate buffer pH6 ~ peroxidase
CD31 endothelium [19, 20] Dako 1:50 citrate buffer pH6 ~ peroxidase
CD34 marker of hair follicle bulge keratinocytes [21,22]  Immunotech 1:300 citrate buffer pH6 ~ peroxidase
CD56 bulge region [23] Zymed 1:400 EDTA pH8 peroxidase
Collagen IV basement membrane [4, 16] Dako 1:400 protease 0.1% peroxidase
CK14 basal cell marker [24] Bio Genics 1:100 APAAP

Fig. 1. a Pinkus’ original detailed drawings
(ink with watercolor; 6 x 15 cm). Longitu-
dinal cut through the transitory part of the
hair follicle. The black arrow shows the
outer root sheath (ORS). The white arrow
shows the folds of the vitreous membrane
(VM), resembling a rope-ladder that per-
vades the ORS. b Pinkus’ original pencil
drawing (7 x 10 cm). Three-dimensional
representation of his concept with the cir-
cular folds of the VM protruding into the
ORS.

for CD34, CD8, and CK15. There was no distinctive pres-
ence of CK14 in the abovementioned areas. CD31 was
negative within the capillaries of the protrusions.

Discussion/Conclusion

Felix Pinkus (1868-1947), who discovered the so-called
“Haarscheibe,” (the Pinkus corpuscule) [9], was one of the
most celebrated masters of cutaneous histology and pub-
lished his knowledge of the HF apparatus in several books
and articles. He also produced his own graphs and illustra-
tions for his publications including his masterpiece, the

Pinkus’ Concept of the Vitreous
Membrane

378-page article “Die normale Anatomie der Haut” in
Jadassohn’s “Handbuch der Haut- und Geschlechts-
krankheiten” in 1927 [6]. Recently, so far unknown draw-
ings of the hair apparatus by Felix Pinkus have been brought
to light. These were found among articles and papers which
had belonged to Felix Pinkus. They were donated by his
grandson Walter Pinkus and are currently exhibited in the
“Pinkus library” at our Department of Dermatology.

We found the drawings presented here filed randomly
in different folders, without any explanatory text attached
and sparse-to-absent inscription. We investigated the lit-
erature to ascertain whether Pinkus had ever used these
drawings in his publications but could find no evidence
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Fig. 2. Our histological investigation of human scalp skin.
a Unilateral fold extends deeply into the outer root sheath
(ORS). Matrix at the right side. The black arrow shows the cone-
like protrusion of the ORS. The white arrow shows the fold of
the vitreous membrane (VM). PAS. x200. b Cone-like thick-
ened ORS areas (black arrows) and 2 acute-angled folds (white
arrows) without increased proliferation rate. Matrix cells of the
inner root sheath (right). Fibrous sheath with capillaries (left).

thereof. They represent cross-sections of HFs at different
magnifications; their focus is the VM and they seem to il-
lustrate his concept of the glassy membrane.

Pinkus’ Concept of the VM
“The vitreous membrane is a hyaline, non-textured lay-
er whose visibility is dependent on the thickness of the hair
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Ki67. x400. c(i) Circular folds in the suprabulbar region (trans-
parent arrows). Doubled VM. Collagen IV. x200. c(ii) Serial sec-
tion of (i) with a continuous fold. d Circular folds pervading the
ORS resemble a rope-ladder as demonstrated in Pinkus’ original
detailed drawing (Fig. la). Bilateral VM and fibrous sheath.
Transitory part of the hair follicle, anagen. PAS. x200. e Cystic
formation within ORS at the site of the fold (area indicated by
black lines). HE. x200.

follicle in question (well defined, thin, not visible). Only the
external layer is smooth, the internal layer is equipped with
annular horizontal folds or ledges, that interdigitate be-
tween the cells of the ORS and form in that area a very dense
connection with small short ramifications. These pseudo-
interdigitations are very fragile due to the softness of the
involved tissues. The flexible 3-dimensional structure that
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form the basis of our description can be reconstructed by
putting together information gleaned from serial slides” [6,
p. 128f]. Pinkus regarded the VM as a kind of “sliding lay-
er,” between the fibrous sheath and the ORS, which is sub-
jected to constant metabolic activity [6, p. 131ff].

Current Knowledge of the VM Histology Concerning

the HF Growth Phase

The transitory part of the HF (below the isthmus) is a
dynamic zone involved in the construction, deconstruc-
tion, and movement of the hair shaft towards the skin
surface. The VM that surrounds the entire HF appears
thin and inconspicuous in early anagen and telogen. In
early catagen, when large numbers of cells of the HF un-
dergo disintegration, this PAS-positive hyaline mem-
brane around the lower part of the follicle and the dermal
papilla reaches a thickness of about 500-1,000 A. When,
in later catagen, apoptotic HF cells are absorbed, the VM
remains without support and consequently becomes
pleated. Hence, during the last stages of catagen, the high-
ly pleated glassy membrane encloses the atrophying cells
of the lower part of the follicle. At telogen, the thick and
pleated glassy membrane around the lower hair follicle
becomes fragmented and absorbed [10, p. 89]. Around
the upper part of the HF, which does not undergo any
cyclic changes, the basal lamina remains unchanged [11].

These hair cycle-dependent changes are well known
and often illustrated. However, the morphological vari-
ant, the circular folds described by Pinkus, are, to our
knowledge, not mentioned in contemporary literature
and have probably fallen into oblivion. In the literature,
the folds are depicted [12] but not annotated. No com-
ments on their possible origin and function have been
found. Here, we present Pinkus’ old painted findings of
the VM depicted in contemporary 2-dimensional histo-
logical slides that show unilateral and bilateral folds; ex-
trapolated into a 3-dimensional structure, these slides
show circular folds. Additionally, protrusions of the VM
into ORS are shown. To speculate on the origin, function,
and significance of these folds and protrusions, we tried
to answer the following questions.

Do the Folds Extend into the ORS or Does the ORS

Protrude into the VM?

On the basis of the observation that the ORS is partly
cone-like and thickened in areas with large folds, reminis-
cent of the so-called “bulge activation hypothesis” [13,
14], specimens were stained to find evidence of stem cells
in this region, but the result was negative. Since no in-
creased proliferation of Ki67 was found in these “cones”

Pinkus’ Concept of the Vitreous
Membrane
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Fig. 3. a Protrusion with a capillary (black arrow) protruding deep
into the suprabulbar outer root sheath (ORS), anagen. PAS. x200.
b Protrusions (transparent arrows) lying opposite one another,
with long pectinated fibrils (black arrow). Collagen IV. x200.
¢ Protrusion (transparent arrow) with pectinated fibrils. Collagen
IV. x200. d VM (transparent arrow) composed of a collagen IV-
positive inner and outer layer, with a nonstainable layer in between
and fibrils attached to the outer layer. ORS (left). Fibrous sheath
(right). Collagen IV. Cutout from original magnification (x200).

of the ORS, in our opinion, it is implausible that the folds
would result from excessive growth of the ORS towards
the fibrous sheath.

Do the Folds Really Belong to the VM?

Based on our histochemical findings, it was evident
that the folds formed part of the VM, because their stain-
ing with PAS, collagen IV, and silver staining was congru-
ent to the VM.

Is There a Concertina-Like Effect during the Hair

Cycle?

During anagen, the ORS is surrounded by the VM, and
the VM by the fibrous sheath. In the bulb region, the hya-
line membrane is continuous with the papillary basement
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membrane surrounding the papilla; the latter, in turn, is
continuous with the dermal sheath. For simplification, we
regarded these components as 1 continuous unit.

It has already been shown that dermal-sheath cells can
travel into the dermal papilla to increase the hair shaft di-
ameter or contrawise [3]. This unit expands and contracts
when the newly developing anagen hair descends all the
way down to the base of the follicle and subcutaneous tis-
sue; it then starts retreating upwards during catagen and
goes all the way up to the level of the bulge in telogen. The
hair does not always return to its original position in the
subcutaneous tissue where it resumes anagen.

By having pleats and folds, the hyaline membrane has
the opportunity to stretch out to accommodate the grow-
ing anagen hair and then contract down again in telogen.
To visualize the unit’s movement, it can be compared to
a concertina. When it is fully extended downwards to its
anagen position, only pleats are present. However, when
it goes into catagen, the apoptotic ORS with the contract-
ed hair root leaves the convoluted hyaline membrane be-
hind, as a thickened and plicated mass in the bulge region
that is normally resorbed in telogen. When the HF under-
goes a shortened telogen phase and hair growth is in-
duced prematurely (before the VM is absorbed), the new
downward growing HF is surrounded by the “old” VM,
or at least parts of it. It thus defoliates the VM like a con-
certina. If the growth of the new HF does not conform to
the last phase, the concertina-like effect could explain the
folds described above as being due to incomplete stretch-
ing of the VM. The detection of folds in a neighboring HF
in the same growth stage confirmed that this seldom-ob-
served phenomenon in routine histology is not sporadic.
The cyst might be due to an incorrect development in this
process (Fig. 2e).

Why Are Folds Acute-Angled?

The partly emerging acute angle towards the ostium of
the HF may be formed by incomplete defoliation of the
old VM and the direction of growth of the ORS towards
the fatty tissue in anagen, resulting in a dragging of the
fold behind the ORS cells. In contrast, the pectinated fi-
bers of the VM have always been found to be rectangular.

The Rope-Ladder Pattern

The rope-ladder pattern (Fig. la, 2d) depicted by
Pinkus) may be explained by the presence of the tangen-
tial section on the external edge of the ORS. The bilateral
folds (Fig. 2c) suppose the idea of circular formation. The
unilateral folds can be explained as an incomplete forma-
tion or a helical arrangement.
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The Possible Function of the Protrusions in Nutrition

Like the epidermis, the entire follicular epithelium
lacks blood vessels; for this reason, it is nourished by dif-
fusion through the VM. Messenger et al. [12] have found
evidence for bilaterally orientated longitudinal blood ves-
sels around the transitory part of the HF. We found evi-
dence of an adjacent network of capillaries, single capil-
lary loops of which invaginate into the ORS in the form
of protrusions. In doing so, these are accompanied by
perifollicular tissue and a coating of VM, which is known
as a basement membrane. The protrusions resemble, in
principle, the composition of a dermal papilla. Like the
papillary dermis, these protrusions of perifollicular fi-
brous tissue enlarge the VM’s surface on the one hand
and the neighboring epithelium on the other, thereby
formingan enlarged contact area which facilitates a great-
er exchange of nutrients.
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