
Keratin 17 Gene Expression during the Murine 
Hair Cycle 

Andrei A. Panteleyev, *t Ralf Paus;! Reinhard Wanner, t Wolf Niirnberg, t Stefan Eichmiiller,i" 
Renate Thiel,:!: Juan Zhang;, Beate M. Henz, t and Thomas Rosenbacht 
'Severtsov Institute of Ecology and Evolution, Russ ian Academy of Science, Moscow, Russ ia; tDepartmen t of D ermatology, Virchow 
Hospital, Humboldt-Universitiit zu Berlin, and t lnstitllte of Toxicology and Embryopharmacology, Freie Univers itat Berlin, Berlin, 
Germany 

Keratin 17 (K17) expression is currently considered to 
be associated with hyperplastic or Itlalignant growth 
of epithelial cells. The functions of this keratin in 
norm.al skin physiology and the regulation of its gene 
expression, however, are still unclear. As one possible 
approach to further explore K17 functions, we have 
studied the differential patterns of Itlouse K17 (MK17) 
transcription during the Itlurine hair cycle by Itleans 
of in sitn hybridization, using a digoxigenin-Iabeled 
riboprobe. Cycling hair follicles in the skin of 
C57BL/6 Itlice were found to be the only skin struc
tures expressing MK17 under physiologic conditions. 
MK17 transcripts were constantly observed through
out all hair cycle stages in the suprainfundibular 
outer root sheath (ORS). The MK17 expression was 
also evident in the isthltlus part of the ORS, where it 
was expressed weakly and was spatially restricted 
during telogen, with an increase in early anagen and 

A 
prominent characteristic of stratifyin g epithelial cell s 
is their ability to express keratins, a fa mily of inter
mediate filament pro teins consisting initially of 19 
members catalogued by Moll and co-workers (Moll 
et ai, 1982a) for the human system. In this list, 

number 17 was ass igned to 311 acidic type-I cytokeratin with a 
molecular mass of about 46 kDa. 

Human keratin 17 (HK17) is apparently not expressed in normal 
stratified hum311 epidermis (Moll el aI, 1982a). It is expressed, 
however, in hyper-plastic epidermis and is found in association with 
several hyper-proliferative epithelial diseases, including squamous 
and basal cell carcinoma as well as psoriasis (Moll el ai, 1982b; 
Weiss el ai, 1984; de Jong et ai, 1991; Leigh et ai, 1995) .1 HK17 was 
also been suggested to be a prospective marker of malignant cell 
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stable expression during Itlid- and late anagen, local
izing to the zone of so-called trichileltlltlal keratini
zation. In addition, in early anagen, a group of 
epithelial cells in or next to the bulge region stained 
weakly for MK17. With progressing anagen develop
Itlent, MK17 expression in this region increased and 
was consistently localized to keratinocytes at the 
advancing front of the eltlerging epithelial hair bulb. 
In Itlid- and late anagen, this zone of MK17 expres
sion spread along the proxiltlal ORS, with a Itlaximal 
level of expression in the innerltlost cell layer of the 
ORS. Overall, these findings provide data on the 
MK17 expression profile of norltlal Itlurine skin and 
deltlonstrate hair-cycle- dependent regulation of 
MK17 expression. Key wOI,ds: kemtill 11tra1ls1atiollal reg
nlatio1lltrichilelll1tlal keratitlizatio1l. ] Invest Dermatol 108: 
324-329, 1997 

transformation (Proby ef ai, 1993; Guelstein et ai, 1988). In nOnllal 
human skin, evidence for HK17 eX'jJression was shown for tactile 
epidermal hair discs (Haarscheiben) (Moll ef ai, 1993), for the basal 
cells of sweat glands (Leigh et ai, 1995), and for the myoepithelial 
cells of se baceous glands (Troyanovsky ef ai, 1989). In addition, 
HK17 polypeptide was detected in cell s of the prox;mal outer root 
sheath (ORS) by two-dimensional gel electrophoresis (Moll ef aI, 
1982b) and immunohistochemistry (Leigh et ai, 1995). These da ta, 
however, did not sufficiently define the precise follicul ar location of 
HK17 protein, and no data regarding hair-cycle-associated changes 
in HK17 expression are as yet ava il able. 

A partial murine cDNA clone (pkSCC50) that selects an mRNA 
coding for an acidic 50-kDa keratin has been isola ted from hyper
proliferative murine epidermis. Based on an approximately 98% 
sequence homology at tbe nucleotide and amino acid levels, this 
keratin has been proposed to represen t an analog of the humau 
type-I 46-kDa keratin protein HK17 (Schweizer, 1993) . By ill sifll 

hybridization , the 50-kDa mm'ine keratin (MK17) mRNA was 
found to be expressed in keratinocytes of hyper-proliferative 
(wounded) tail epidermis and in unidentified cells of the hair 
folUcle, suggesting that MK17 may be a normal hair fo llicle 
consti tuent (Knapp et ai, 1987). Thus, information on keratin 17 
(K17) expression and location in normal mammalian skin is cur
rently limited to tbe sta tement that this protein is a normal 
constituent of"Haarscheiben ," some glandul ar epithelia, the prox
imal outer root sheath of an agen hair follicles in human skin (Moll 
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et ai, 1982b, Troyanovsky et ai, 1989; Moll et ai, 1993; Leigh et ai, 
1995), and undefined epithelial cells in murine h air follicles, 
"probably of the ORS" (Knapp et ai, 1987). The functions ofK17 
in nonnal and pathologic skin are even less clear. Recent findings 
that a mutation in the HK17 gene causes severe epithelial dysfunc
tion (Pachyonychia congenita) associated with hyper-trophic nail 
dystrophy, multiple epidennal cysts, and some hair abnormalities 
(McLean et ai, 1995), however, attest to the potential functional 
significance of HK17. 

To gain further insight into K17 function by the systematic 
characterization of its ill vivo transcription in a well-defined devel
opmentally regulated model system, we have analyzed the pattern 
of MK17 mRNA expression in normal murine hair follicles 
throughout various stages of their cyclic growth and regression 
(Hardy, 1992; PallS et ai, 1994a; PallS, 1996) by using ill situ 
hybridization with specific digoxigenin-labeled riboprobes. For 
comparison and as a positive control, murine keratin 1 (MK1) 
expression was analyzed as a differentiation-associated cytokeratin 
(Moll et ai, 1982a; Weiss et ai, 1984; Schweizer, 1993; Leigh et ai, 
1994). 

MATERIALS AND METHODS 

Animals and Skin Samples Seven- to 12-wk-old female C57BL/6J 
mice with normal fur and nonnal hair cycling behavior (Charles River, 
Sulzfeld, Germany) were used throughout. The animals were kept under 
standard conditions, following all relevant guidelines for laboratory animal 
care, and were free of cutaneous lesions. 

For normal hair cycle induction, 7-wk-old mice with all back skin follicles 
in telogen were depilated with a mixture of wax and rosin (Paus el ai, 1990). 
Dorsal skin was harvested dudng defined stages (days 0,3,5,12, and 18) of 
the depilation-induced hair cycle parallel to the paravertebral line to obtain 
longitudinal hair follicle sections (Paus el ai, 1994b) . Three mice were 
studied for each hair cycle stage. 

Ammals were killed by cervical dislocation under general anesthesia . 
Dorsal skin was fixed in 4% parafonnaldehyde and embedded in paraffin 
(JUNG-Histowax, Reichert-Jung, Heidelberg, Germany) according to 
standard procedures. Five-micrometer sections were mounted on siJane
coated glass slides (six slides with four sections per slide for each mouse). 

MKl eDNA Template Total RNA was isolated according to Chom
czynski e/ al (1987) and transcdbed into cDNA with an reverse transcdp
tion-coupled polymerase chain reaction kit (Stratagene, Heidelberg, Ger
many). For studies of reverse transcription-coupled polymerase chain 
reaction of MK1, the primers used contained nucleotides 1664- 1681 and 
1881-1 905 (accession number M10937) at 0.1 J.LM . The identity of the 
product was confirmed by restdction enzyme analysis. The MK1 cDNA 
fragment obtained was ligated into a pGEM-T vector (Promega, Madison, 
WI), and clones containing the specific cDNA were identified by restriction 
enzyme analysis. 

MK1 7 eDNA Template A defined 255-bp fragment of the MK17 cDNA 
clone (Knapp et ai, 1987) was a kind gift from Dr. J. Schweizer, Deutsches 
Krebsforschungszentrum, Heidelbcrg, Gennany (Schweizer, 1993). T he 
fragment was ligated into a pSP72 vector (Promega, Madison, WI) and then 
cloned according to the procedure used with the MK1 fragment. 

Preparation of Riboprobes Aliquots of the plasmids enclosing MICl
and MK17-specific cDNA were linearized with Ncol or Notl (MK1) and 
HilldliI Or EcoRI (MK17) restriction enzymcs (Bochringcr-Mannheim, 
MaJmheirn, Germany). Digoxigenin-Iabeled complementary RNAs 
(cRNAs) were prepared ill vitro by using the "DIG RNA Labeling Kit" 
(Boehringer-Mannheim, Malmheirn, Gemlany) . T7 and Sp6 RNA poly
merases were used to produce sense and anti-sense probes for MK1 and 
MK17 according to the kit protocol. The amount of cRNA obtained was 
estimated by standard para formaldehyde-containing agarose gel electro
phoresis. 

In Sitll Hybridization III silll hybridization was performed as described 
(Niirnberg et ai, 1995a; Niirnberg et ai, 1995b). Bdeay, depa.raffinized and 
deproteinized sections were acetylated in acetic anhydride so lution (Merck, 
Dannstadt, Gemlany) and then dehydrated. Pre-hybridization was per
fonned in humidified chambers at SO· C with a mixture containing 50% 
deionized formamide (Merck, Darmstadt, Germany). Hybridization with 
freshly denatured cRNA probes at 50 ng per section was performed at 50· C 
for 17 h in the same humidified chambers. The MK17 sense probe was used 
as a negative control and the MK1 anti-sense probe as a positive control. 
Sections were washed after hybridization at 50· C under highly stringent 
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conditions for 5 h. Prior to immunodetection of the ill sitll hybridization 
signal, the slides where incubated with normal sheep serum (Sigma, St. 
Louis, MO) in the presence of levanlisol (Sigma, St. Louis, MO) and 
blocking solution (DIG Nuclcic Acid Detection Kit, Boehringer-Mann
heim, Mannheim, Gernlany). Incubation with sheep aJkaline phosphatase
labeled anti-digoxigenin antibodies (DIG Nucleic Acid Detection Kit, 
Boehringer-Malmheinl, Mallnheirn, Gennany) was perfonned for 3 h in 
humidified chambers at room temperature. The slides were stained by 
incubation in Illtroblue tetrazolium and J3-chloroindolyl phosphate solution 
(Boehringer-Mannheim, MatU1heim, Gennany) for 16-20 h in complete 
darkness at room temperature. After a brief wash, the sections were 
mounted in Kaiser's glycerol gelatin (Merck, Darmstadt, GennatlY). The 
pictures were prepared at different magnifications by using atl " Axiophot" 
light microscope (Zeiss, Oberkochen, Germany) and Kodak 160 film. From 
25 to 45 appropriately sectioned follicles derived from three mice were 
analyzed at each st<lge of hair follicle development. 

RESULTS 

MK17 mRNA Is Exclusively Expressed in Hair Follicles In 
the skin of C57BL/6 mice with nornlal fur and nonnal patterns of 
hair follicle cycling, a signal for MK17 mRNA was detected 
exclusively in the hair follicles, was characterized by a discrete 
spatial distribution, and was localized to both the permanent and 
the cycling part of the hair follicle (Figs 1, 2). Strong inmlUnore
activity denoting MK17 transcripts was consistently found through
out aU stages of the murine h air cycle in the suprainfimdibular part 
of the follicle ORS (zone 1), just above the sebaceous duct orifice 
(Figs 1, 2, 3). This part of the ORS displayed MK17 mRNA 
immunoreactivity mainly in its inner cell layers (Fig lB,D; 3B). 
The most distal part of the ORS directly adjacent to the interfol
licular epidennis as well as the sebaceous gland epithelium did not 
show MK17 mRNA in·uTIunoreactivity (Figs 1, 3). 

MK17 mRNA immwloreactivity was also noted in the hair 
follicle isthmus (Figs lA,B,C,G; 3), as defined by Pinkus, who 
designated this region as "the stretch between the opening of the 
sebaceous gland duct and the upper end of the itmer root sheath 
(IRS), where the IRS disintegrates, letting the hair shaft emerge 
free into pilary canal " (Pinkus, 1969; Pinkus e/ ai, 1981). In telogen, 
MK17 mRNA immunoreactivity itl this region (zone 2) was lower 
than in the suprainfundibular portion of the ORS (zone 1) (Figs 
lA, 2), was ma..x.imally increased itl early anagen (Fig lB), and 
decreased itl tnid-anagen (Fig lG. In late anagen, this region of 
MK17 tnRNA immunoreactivity coincided with the zone of so
called "u;chilemmal keratinization" (Pitlkus et ai, 1981), with 
maximal expression of the signal localized to the outer cell layers of 
the ORS at the isthmus region (Fig 3). 

The most proximal cycling epithelial part of the hair fo llicle also 
displayed MK17 mRNA immunoreactivity (zone 3), altllOugh it 
was subject to prominent hair-cycle-dependent changes in this 
region. In telogen, signs of staining were absent proximal to hair 
follicle (Fig lA). In early anagen, a group of epithelial cells in or 
next to the bulge region and directly above tl,e dennal papilla 
stained only weakly (Fig lB). With progressing anagen develop
ment, the MK17 mRNA in1.mWl0reactivity increased in tillS region 
and consistently localized to the cells at the adva.ncitlg front of the 
emerging epitheliaJ hair bulb (Fig 1C,D). By anagen IV and V, 
these cells produced a new zone of very active MK17 mRNA 
immunoreactivity in the proximal part of the ORS, where tl,e 
signal was maximally displayed in the inner cell layer of the ORS 
(Fig lD,E), with no MK17 tnRNA immunoreactivity in the inner 
root sheath (Figs lE,F; 3). During anagen VI, most of the proximal 
ORS displayed MK17 mRNA immunoreactivity itl its innermost 
cell layer (Fig lG,H). Figure 2 shows a schematic summary of the 
data described so far for the MK17 transcription pattern in defined 
hair follicle compartments during the normal experimentally in
duced murine hair cycle. 

MKl mRNA Is Expressed in Suprabasal Cell Layers of the 
Interfollicular Epidermis III sitll hybridization witll a digoxi
genin-labeled dboprobe specific for MKl was llsed as positive 
control. As reported by Schweizer (1993) , MK1 mRNA immuno
reactivity was present in the suprabasal cell layers of the interfol-
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Figure 1. MK1 7 is expressed only in hair follicles but with different expression patterns during the hair cycle. III S;III hybridiza ti on with a 
digoxigenin-Iabcled anti-sense MK1 7 c P .. NA probe was perfo rmed in para [tin-embedded sections of ado lescent C57 Bl/6 mo use skin . T he hair cycle was 
ind uced b y wax dcpilation. T he fo ll owing hair cyclcs arc shown : (A) Tclogc lI . (B) Anagen I. (C) Anagen II. (0) Anagen IV. (E and I' ) Anagcn V. (C and 
J-i) Anagc n V I. Depelldillg on the hair cycle , MK17 mRNA immunoreactivity was noted in the suprain fundibulum (zone I) . isthmus (zolle 2), and the 
prox ima l part of the O R S (zone 3) . Note that thc b lack-staillillg srL1 ctures in thc ma trix rcgioll o f Pallds D-H represen t m elanin granules and shou ld not be 
confused with MK1 7 I1l I~A immunoreactivity . "pm, Arrector pili muscle; dp , dermal papilla ; e, epidermis; irs, IRS; m, m atri x; o rs, ORS; ors' , in nermost 
cell layer o f the O R S; sd, sebaceous gland duct; sg, sebaceous gland . Scafe flllrS: (A-OJ] 23 fLm; (E, N ) 45 fLll1; (C) 90 fLm. 
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Telogen -.. Anagen I - ., Anagen II - ., 

Anagen VI 

F igure 2 . Scheme o f MK17 expression during the murine hair 
cycle. T hree di fFe rent zones of M I<17 IllRN A immunoreactivity are 
present : Persistent expression in the sup rainfundibululll (zone 'I ) . express io n 
in the isthmus (zone 2), expression in the innermost ce ll laye r o f the O R S 
during anagen stages (zone 3). b. B ulge; is, isthmus; tk. area oftrichil emmal 
keratini zatio n . For further abbreviations. sec Fig 1 . 

licular epidermis (Fig 4A ,B). In additi o n. M K I expression was 
de tected in th e mos t distal po rti on o f hair fo llicle os tium (Fig 4B) , 
w hich has been suggested to represent an epiderm al type of 
keratiniza tion (Kopan and Fuchs, 1989; Leigh ('I nl, 1994). T he 
expressio n patterns of MKI were stable during aU stages o f hair 
fo llicle cycling (Fig 4) and sho wed no spatial overlap w ith MK I7 
expression in the skin of C57BL/6 mi ce (Figs 1, 3, 4) under 
p hys io logic conditions. T his MK1 expressio n patte rn con tinns the 
specificity and sensitivity of o ll!' ;/1 S;I/I hybridization tecl mique and 
is in accordance with previo usly published res ul ts (Schweizer. 
1993). 

D ISCUSSIO N 

T he curren t results exte nd the available info rma tion on fo lli cu lar 
K17 expressi on . By using a sensiti ve and specific ;/1 s;11I hybridiza
tion m ethodo logy. we sho w that the hair fo lli cle O R S is the onl y 
structure in murin e skin to ex press the MK1 7 gene unde r phys io
logic condi tions. suppo rting the previous assumptio n that M K 17 
tra nscripti on is a common constitu en t o f no rmal murine hair 
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F ig ure 3 . MK17 mRNA immunore a c tivity is expressed ill the distal 
part o f two hair follicle s in anagen VI. irs ' , Terminal end of I RS. For 
fu rther abbrev iations , sec Fig s 1 and 2. calt· bars, 23 I.un. 

fo llicles (Knapp ef nl, 1987) , includin g resting (te logen) fo llicles. 
T his is impo rtan t in tha t K 17 has previo usly been detected in 
human and murin e skin only under hyp ·r-proli fe ra tive conditio ns. 
the onl y exceptio n bein g " H aarscheiben " (M oll el nl. 1993). T he 
exclusive MK17 transcrip tion in distin ct regions of the O R S dl11'ing 
te logen and anagen VI (Figs 1A, G,H; 3) indicates that at leas t in 
selected keratinocyte popul ations, MK17 expression is associated 
wi th functi ons other than enhanced pro liferation. 

T he high level of M K17 mRN A immunoreactivity in norm al 
murine skin thro ugho u t all hair cycle stages in the supra in fu ndibu
lar O R S (zone 1 , F igs 1 , 3) con tra sts w ith the report by Moll el nl 
('I 982b), w ho noted absence ofHK17 p rotein in the distal portion 
of human fo llicle O R S. T his m ay reAect di ffe rences between K17 
expressio n patte rns in human and murin e skin . Alternatively, it 
could indica te that K17 is actively transcribed in the distal O R S but 
not translated at this locatio n. ](17 mRNA may be con tinu o usly 
synthesized in this follicl e region to all o w for a rapid synthesis of 
K I7 protein once a translational bl ock is rem oved . T his migh t 
Occur under conditi ons of epidermal dam age, epiderm al stimulation 
by hyper-proliferati ve agents, changes in th e local kera ti.nocyte 
enviro nmen t (e .g., cell c ulture), or durin g patho logic hyper
pro liferative states such as pso rias is. All these conditions are 
charac teri zed by very acti ve K17 pro tein syn thesis (Weiss el nl, 
1984; Knapp el nl. 1987; de J ong 1'1 nl, '199 1; Leigh el nl, 1995; 
Paladini el nl, 1996) and by a keratinization pathway related to 
wound healing and epidermal regeneration (Mansbridge and 
Knapp . ] 987; Leigh e( nl, 1994). 

D uring wound healin g, epidermal repair starts fro m the hair 
fo llicle O R S, w hich provides a rich source of kerntinocytes. 
contributin g to the epidermal rell ewa l by migratio n and prolifera
tion (C hapman and H all , 1981; Leno i.· rt nl, 1988; Lavker ci nl. 
1993). T he induction of K'17 as well as of K6 and K16 in murine 
and hum an epidermis occurs rapidly after th' application of a 
hyper-pro li fe rative stimulus (Tyner and Fuchs. 1986; Schweizer, 
1993) . T his has in vited the specul ation that cO.Tespo nding I11.RNAs 
are perm anently present in no rl11 al epidermi s and arc released from 
a trans lati onal block (Curtis el nl, 1995) in response to skin dam age 
(Tyne.· and Fuchs, 1986) . 
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Figure 4. MKl rnRNA is present in suprabasal epidermal kerati
nocytes and in the most distal part of the ORS. III sitll hybridization 
with a digoxigenin-labeled anti-sense MKl cRNA probe was performed in 
C57BL/6 mouse skin during the same hair cycle stages as for MK17 studies. 
Two representative examples are (A) Telogen. (B) Anagen TV. Arrowheads, 
epidermal basal cell layer; .. . . , shape of the proximal portion of the hair 
follicle; k, most distal portion of the ORS. Scale bars, 23 p.m. 

By ill sitll hybridization techniques, however, there are no 
detectable MK17 transcripts in normal murine epidermis (Knapp et 
ai, 1987), as confirmed by our studies (Figs 1, 3). Since the 
exis tence of a "repair pool" of keratinocytes derived from hair 
follicle stem cells in the bulge region has been proposed (Lavker et 
ai, 1993; Yang et ai, 1993), our results may cast new light onto tills 
old controversy and possibly explain why previous attempts to find 
K17 transcripts in normal interfollicular epidermis have failed: The 
suprainfundibular ORS of the hair follicle may represent the main 
reservoir of MK17 transcripts for epidermal repair. At tills location, 
we have found substantial and constant MK17 transcription and, at 
least in human skin, no apparent translation of this protein under 
normal conditions (Moll et ai, 1982b; Leigh et ai, 1995) . In 
extension of this idea, K17 may be part of a specific keratin filament 
network used by actively migrating keratinocytes, designed to 
provide cells with a less rigid cytoskeleton to facilitate rapid 
changes in cell contacts with neighboring cells (Moll et ai, 1993; 
Heyden et ai, 1994; Paladini et ai, 1996) . 

Since no antibodies against MK17 are currently available, tills 
concept remains to be verified on the protein level. The data 
regarding HK17 expression in human hair follicles (Moll et ai, 
1982b; Leigh et ai , 1995) may well be relevant for the interpretation 
of our results, given the high level of homology between the clone 
226, encoding HK17 (Kartasova et ai, 1987), and the murine clone 
pkSCC50 (Knapp et ai, 1987) used here. Compared to the human 
clone, the MK17 clone has only two amino acid changes in the 
a-helical domain and a proline residue that is absent from the 
carboxyl terminus of HKI7. At the nucleotide level, tills high 
homology extends to the 3' noncoding region, which is known to 
be very specific for each keratin (Schweizer, 1993). Therefore, the 
findings regarding MK17 biology in murine skin may also hold for 
human skin. 

In contrast to MK17 expression in the suprainfundibular ORS, 
MK17 transcription in the two proximal MK17 expression zones 
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(zones 2 and 3) is shown to be hair-cycle-dependent. In telogen, 
MK17 expression was present in a spatially confined portion of the 
ORS isthmus (Fig 1A). This region of MK17 expression (zone 2) 
coincides with the zone of so-called "trichilemmal" keratinization, 
wlllch is thought to represent the end point of a specific differen
tiation patllway of isthmus ORS keratinocytes, which differ from 
other ORS cells (Pinkus, 1969; Pinkus et ai, 1981). Therefore, with 
progressing anagen development, the MK17 mRNA immunoreac
tivity in zone 2 was mainly concentrated at the outermost cell layers 
of the ORS (Fig 3), in contrast to the suprainfi.ll1dibular region (Fig 
1D). The MKl7-expressing part of the hair follide isthmus is 
recognized to be richly ilmervated by circular nerve fibers and 
palisaded nerve endings that have long been considered to provide 
tactile functions in the hair follicle (Pinkus, 1969; Montagna and 
Parakkal, 1974). Therefore, it is reasonable to speculate that K17 
expression in this follicle region serves to provide a more flexible 
and more easily deformed epithelial pad, in a manner comparable to 
the one proposed for human "Haarscheiben" (Moll et ai, 1993). 

The most pronllnent hair-cycle-dependent changes in MK17 
expression were revealed in the most proximal part of the murine 
hair follicle (zone 3), which undergoes substantial cyclic transfor
mation (Fig 1). MK17 mRNA immunoreactivity in tills portion of 
the ORS started in early anagen, in a small group of epithelial cells 
between the dermal papilla and the bulge region (Fig 1B,Q, 
spreading along the proximal ORS, with maJl:lmal expression in its 
innermost cell layer, directly adjacent to the inner root sheath (Fig 
1D-H). TIllS immunoreactivity pattern suggests that MK17 expres
sion in tills region in mid- and late anagen identifies a specific cell 
layer, designated as the "companion layer" (Orwin, 1971) or 
"innennost cells of the ORS" (Ito et ai, 1986). Tllis keratinocyte 
layer is distinguished by a unique differentiation pathway and is 
morphologically and immunologically distinct from other ORS 
keratinocytes (Orwin, 1971; Ito, 1986). The function and origin of 
tllis cell layer are still discussed (Rotlmagel and Roop, 1995). 
According to one suggestion, the innermost cell layer of the ORS 
provides a "slippery" plane to allow the growing hair shaft to move 
past the surrounding tissue sheaths (Rogers, 1964). TIllS suggestion 
is in line with our concept of K17 as a "flexible keratin." 

Our studies raise the possibility that there are three different 
patterns of K17 expression in murine hair follicles: one possibly 
denoting a putative "repair pool" of keratil10cytes in the suprain
fundibular portion of the ORS; another at the iStlUllUS of the ORS, 
probably reflecting triclillemmal keratinization; and a tllird one 
involved in hair bulb construction during anagen. The function of 
K17 expression may be to allow keratinocytes to display greater 
structural flexibility and to promote easier reorgalllzatioll of the 
cytoskeleton (Moll et ai, 1993) . The same suggestion has recently 
been made for K6 and K16 (Heyden, 1994; Paladini et ai, 1996) , 
both representing keratins with expression patterns similar to that 
of MK17 (Stark ei ai, 1987; Schweizer, 1993). 

We are l/1os1 gratiful to Dr. J. Schweizer (Ger",au Callcer Research Celller, 
[DKFZ), Heidel1Jerg, Ga",allY) for llis gellerolls gift of the MK17 eDNA clolle. 
This 1V0rk was sllppO/ted ill pa/t by a gralll 10 A .A.P. fro", the EIIJ"Opeall Sciellce 
FOllllda/ioll Progra",,,,e of Research FellolVships ill Toxicology, by a gram fro", th e 
Dell/sche Forscllll/lgsgemeillschajt to R.P. (Pa 345/3-2), alld by a Blllldes",illiste
r;II/// fiir Forscllll/lg IIIId Tecll/lologie gralll (07 DIX 15) to T.R. 
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