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Trichilemmal keratinization 

§  Trichilemmal keratin is the product of the outer 
root sheath and is not derived from the hair 
matrix 

§  It is characterized by anuclear keratin without 
an intervening keratohyalin layer 

§  It occurs wherever outer root sheath is not 
apposed to inner root sheath 
§  in anagen in the zone of sloughing just below the 

opening of the sebaceous duct,  
§  in catagen in the trichilemmal sac surrounding the 

lower end of the dying hair shaft where it forms 
the club of the telogen hair.  

§  Unique membrane coating granules, which are 
strongly acid phosphatase-positive and are 
suggested to be the source of enzyme involved 
with disintegration of the inner root sheath 
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Penetration via Hair Follicles 

Hair Follicle Anatomy 

Bulge & Secondary Hair Germ 

§  Stem cells are set aside in the 
bulge region already early in 
development 
 

§  At initiation of anagen, the hair 
germ cells at the bulge base are 
the first to proliferate  
 

§  Bulge progeny are progressively 
detected along the outer layer 
of the follicle, then to the matrix, 
and finally to the upward 
terminally differentiating cells of 
the hair shaft 
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The Hair Cycle 

The Hair Cycle 

Prolonged anagen: 
TSH 
T3/4 

Exogen Induktion 
Stress 
z.b.Telogenes Efflivuim 

Anagen Inhibiition  
Adrenal steroide 
Oestrogene 
Testosteron  
BMP4 
IL-6 
Entzündungs 
-mediatoren 

Telogen Induction 
Premature? 
Glucocorticoide 
Oestrogene 
 

Catagen Induktion 
Glucocorticoide 
Oestrogene 
TGF-β2 

Initiierung  von Anagen 
TSH 
Thyroxin Hormone 
Tageslänge 

Miniaturization 

Prolonged anagen: 
TSH 
T3/4 
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Environment 

Nutrition Circadian 
 rythm 

Seasonal changes 

Systemic factors 

Hormones 

Immune 
system 

Nervous 
system 

Age 

Genetics 

Factors influencing the hair cycle 

Extrafollicular 

Connective 
tissue 

Adipose  
 tissue 

Stem 
cells 

 

Intrafollicular 

Stem cell  
compartment 

Dermal 
 papilla 

Fibrous 
sheath 

modified from C.-C. Cheng, 
C.M. Chuong, J Derm Sci, 2012 

 courtesy from Monika Welle 

Stem cells in the Hair Cycle 

§  Label-Retaining Cells of the anagen hair follicle persist during catagen and form 
the subsequent telogen bulge and secondary hair germ 
 

§  Dual origin of the cycling portion of 
the hair follicle: 

§  Bulge stem cells contribute to 
formationof the outer rot sheath 
only 

§  Hair shaft and inner root sheath 
derive from germinative cells 
located in the secondary hair germ 
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Fig 1. Principal component analysis of the samples in the first two component space. 

Brunner MAT, Jagannathan V, Waluk DP, Roosje P, Linek M, et al. (2017) Novel insights into the pathways regulating the canine hair cycle and their 
deregulation in alopecia X. PLOS ONE 12(10): e0186469. https://doi.org/10.1371/journal.pone.0186469 
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0186469 

Clustering on expression profiles:1598 genes differentially expressed   

from Al-Bagdadi et al. Am J Vet Res 38:611, 1977 

Hair Cycling in Dogs 

Winter Summer Spring Fall 

Hair Cycle Stages in Healthy Dogs 

Healthy beagle dogs kept in 
controlled conditions 

§  30% anagen 
§  8% catagen 
§  27% telogen 
§  35% not classifiable 

Various breed dogs 

§  40% anagen 
§  2% catagen 
§  31% telogen 
§  27% not classifiable 
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Hair Follicle Grouping 

§  Hair follicle complex 
(pilosebaceous unit) 
§  Hair-producing unit (hair 

follicle) 
§  Accessory glands (sebaceous 

glands, apocrine glands) 
§  Primary hair follicles 

§  Center primary hair follicle 
§  Lateral primary hair follicle 

§  Secondary hair follicles 
§  Grouped or single 

!

!

Hair Follicle Grouping 

! !

Coat Texture in Dogs 

§  Genome-wide association studies of more than 1000 dogs 
from 80 domestic breeds 

§  Identified distinct mutations in three genes that together account 
for most coat phenotypes in purebred dogs 
§  W (Wired) Locus: RSPO2 (R-spondin–2) 

§  L (Length) Locus: FGF5 (fibroblast growth factor–5 

§  R (Curl) Locus: KRT71 (keratin-71) 

§  Combinations of these genotypes give rise to at least seven 
different coat types, encompassing most coat variation in 
modern domestic dogs 
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Phenotype FGF5 RSPO2 KRT71 Example 

Short - - - Basset Hound 

Wire - + - Australien Terrier 

Wire + curly - + + Airedale Terrier 

Long + - - Golden Retriever 

Long, 
furnishings 

+ + - Bearded Collie 

Curly + - + Irish Water Spaniel 

Curly, 
furnishings 

+ + + Bichon Frisé 

7 Coat Types in Dogs 


