

















































































































































































































































































































































































































































































































































































































Chapter 8 — Summary and Conclusions

study, weaning is accompanied by a cascade of events which results in the
apoptosis and subsequent keratinocyte proliferation and differentiation associated
with the reactivation of the hair follicle and concomitant remodelling of the ECM
and dermis (Chapter 6). Within the same time frame, the mammary gland also
exhibits an up-regulation of genes inducing epithelial cell apoptosis (Marti et al.,
1999), followed by up-regulation of genes for the destruction of ECM and tissue

remodelling. Down-regulation of milk genes also occurs at this time.

Stat3 is essential for both mammary gland involution and hair follicle reactivation
(Takeda and Akira, 2000). Unlike Stat5h” mice, those lacking the Stat3 gene are
embryonic lethal (Takeda et al., 1997). However, Stat3 has been conditionally
knocked out using Cre-loxP recombination system driven by a keratin 5 promoter
(Sano et al., 1999). The progression of the hair cycle is severely compromised in
keratinocyte-specific Stat3-disrupted mice (Sano et al., 1999). Hair follicles in
these mice initially develop and grow a normal hair coat, but following the first
growth period follicles remain in telogen due to impaired cell migration necessary
for progression into anagen. This finding establishes Stat3 as obligatory for hair
replacement. The lack of receptor activation in PRLR” may lead to reduced Stat3
activity.  On the other hand, with reduced negative regulation of cytokine
receptors in Stat5h” mice, hyper-stimulation of the Stat3 transduction pathway

may occur.

Stat3 is also activated at the onset of involution of the mammary gland after
weaning (Li et al., 1997). Mice lacking Stat3 in mammary glands show decreased
epithelial apoptosis and a dramatic delay of the involution process (Chapman et
al., 2000). In the absence of Stat3, the significant increase in IGFBP-5 levels
normally associated with involution was not observed. This IGFBP-5 is thought
to induce apoptosis by sequestering IGF-1 to casein micelles, thereby inhibiting
its survival function. Hence IGFBP-5 is a possible target for Stat3, and its up-

regulation is essential to normal involution.

Although SOCS induced by prolactin feeds back to negatively regulate the
sensitivity of individual tissues to prolactin, the chronic up-regulation of

prolactin-independent SOCS3 mRNA, as observed in mammary gland during
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periods of non-suckling (Tam et al, 2001 570), may be the critical in the

regulation of tissue sensitivity to prolactin (Figure 8.3).

PROLACTIN INHIBITS FIBRE FORMATION

PRLR” mice have slightly longer and thicker hair than normal (Chapter 4). The
duration of anagen does not appear to be influenced by prolactin suggesting it is
the rate of fibre formation that is increased. On the other hand, Foitzik (2003) has
shown prolactin can advance the onset of catagen in vitro, which may result in the
abbreviation of anagen and reduction of fibre length. However this does not
explain the alterations to the fibre diameter that would occur throughout the
growth period. Stat5b” mice have hair of normal length and diameter suggesting
that Stat5b does not play an essential role in the regulation of fibre dimensional
growth (Chapter 7), or is involved in the fibre growth modifications observed in
PRLR” mice (Chapter 4). Hypophysectomy has also been reported to result in
longer hair length in females at least (Ebling and Johnson, 1964a). These authors
presumed that the reduction in oestrogen contributed, but only partly, to this

effect. The loss of prolactin may also be a factor.

In contrast, prolactin has also been shown to have a stimulating effect on hair
shaft elongation of in vitro cultured anagen follicles of the Cashmere goat
(Ibraheem et al., 1994). Many other studies have failed to detect fibre growth
changes following prolactin supplementation during anagen in vivo (Emmens,
1942; Mohn, 1958; Ebling and Johnson, 1964a; Ferguson et al., 1964). High
levels of prolactin, as experienced by Stat5h” mice, do not appear to alter fibre
growth whereas the complete removal of the prolactin signal results in slightly
expanded growth. Thus the presence of prolactin inhibits fibre formation,
apparently regardless of the concentration. Alternatively, fibre dimensional
changes arising from other endocrine changes in these mutant mice strains can not

be discounted.
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PREGNANCY AND LACTATION INHIBIT FOLLICLE REACTIVATION

It is well known that hair growth may be altered during pregnancy and lactation.
Changes in the physiological environment at this time have been reported to alter
hair cycles as well as the hair shaft structure in a wide variety of mammals and are
likely to be due to the changing hormonal milieu occurring associated with

reproduction.

Pituitary prolactin is an essential hormone in the development and maintenance of
pregnancy as well as lactation in many mammals including mice (Ormandy et al.,
1997a). In general there are three major prolactin secretory events occurring
during reproduction in mice. First, pituitary synthesis and release of prolactin
increases during early pregnancy to act as a luteotrophic hormone maintaining the
integrity of the corpus luteum for several days after conception (Freeman ef al.,
2000). Circulating prolactin concentrations decline after approximately ten days
as lactogens from the placenta assume responsibility as the prime luteotrophin.
This profile of increased prolactin is also imitated in pseudopregnant mice;
however in these animals normal oestrus resumes after ten days as they lack
placental secretions to continue luteal development. Second, in late pregnancy, a
decrease in dopaminergic inhibition results in a significant preparturient surge in
pituitary prolactin synthesis and release, possibly due to a loss of responsiveness
of the TIDA neurons to prolactin (Grattan et al., 2001). This marks the onset of
the birth process. The third phenomenon related to prolactin occurs throughout
lactation where the suckling process stimulates prolactin secretion and acts as a
lactogen. The present study related hair growth changes to each of these three

distinct phases of hyperprolactinemia.

Mice with increased prolactin (and progesterone) during pseudopregnancy had a
slower progression of new hair regrowth across the body. That is, the moult on
the dorsum was delayed by eight days as compared with virgin mice. A similar
pattern was observed in pregnant mice that had their pups removed at birth. This
suggests that hormones associated with early pregnancy inhibited follicle
reactivation, while the brief preparturient prolactin surge had little additive
influence on the hair follicle. Lactation had a powerful inhibitory effect on the

moulting process, as no follicle reactivation was observed during this time. Only
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after weaning was any further pelage renewal observed. This period was
characterised by the synchronous reactivation of all hair follicles that had
remained unmoulted since parturition. Thus the G3 hair cycle was completed in

fully reproductive mice thirty days later than virgin control mice.

During pregnancy PRLR-L populations halved from preconception levels, while
serum prolactin concentration was elevated several-fold. Concentrations of the
transcripts for the short isoforms of PRLR were unaltered during this time.
PRLR-L concentrations increased in early lactation, but declined in late lactation
when PRLR-S1 and -S2 transcripts were maximal. PRLR-L populations
increased significantly within two days following weaning, when follicles were
reactivated.  This sharp increase in PRLR-L transcripts preceded any
histologically-observed alterations in follicle structure. High levels of these
PRLR-L mRNA were present throughout the period of follicle reactivation,

contrasting with the short receptor isoforms that declined during mid-proanagen.

Throughout this reproductive period, mRNA levels of prolactin within skin
extracts were inversely correlated with that of PRLR-L mRNA. As such, the
likely pattern of local prolactin synthesis did not relate to that of the pituitary
prolactin secretion. This probably reflects variations in promoter usage (Gellersen

et al., 1994).

The elevated prolactin during pregnancy or pseudopregnancy may explain the
delay in moulting at this time. Hair follicles are exposed to ten fold increases in
serum prolactin concentrations during early pregnancy. Significant decreases in
PRLR-L do not occur until late in pregnancy when circulating prolactin has
declined, although placental lactogen may also provide some PRLR-L activation

at this time.

Frequent suckling during lactation stimulates prolactin synthesis resulting in
sustained high concentrations of circulating prolactin. Thus prolactin is a strong
candidate to inhibit follicle reactivation at this time. On the other hand, elevated
prolactin has previously failed to prevent follicle activation (Chapter 5).

However, it is quite probable there are multiple influences operating on the hair
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follicle, possibly including an additional inhibitor. ~Telogen follicles have
previously been reported to contain an inhibitor of anagen (Paus er al., 1990).
Alternatively, some permissive agent may be absent during lactation, thus

preventing the progress of telogen follicles to anagen.

Only after weaning does the cutaneous environment alter, allowing resumption of
the moulting process to occur. This progress may be homologous to changes that
occur in the ontogenically-similar mammary gland at this time. In this tissue it
appears that high basal levels of SOCS3 result in cytokine insensitivity, and only
after a period of non-suckling (or bromocriptine treatment) for 48 hours does
normal prolactin signal transduction occur (Tam et al., 2001). In the skin, both
pituitary and local prolactin production are high during lactation, however
PRLR-L is upregulated only after weaning. This could be in response to changes
in prolactin signal transduction. Development of anagen is associated with
thickening of the skin, lengthening of the hair follicles, as well as increased
adipogenesis. However changes in PRLR-L concentrations occur earlier than

these alterations in skin structure.

In pregnant women, hormonal changes produce modifications in scalp follicle
cycles which may result in postpartum hair loss (Lynfield, 1960). With the onset
of pregnancy there is an increase in the percentage of anagen follicles. This
phenomenon in women cannot be directly compared with what was observed in
the mice in the current pregnancy study since, unlike the hair of humans which
normally have a mixed population of anagen (86%) and telogen (13%) follicles,
the pelage of mice is wholly in telogen and progresses to an homogeneous

population of anagen follicles.

Following parturition in women, the number of shed scalp hairs increases two to
threefold above the normal rate, resulting in a transient effluvium (Lynfield,
1960). Thus, as compared to late pregnancy where 95% of follicles are growing,
this figure drops to 65% postpartum. High levels of prolactin following periods of
low prolactin may lead to catagen as occurs in sheep (Craven et al., 1995; Pearson
et al., 1996). Sustained prolactin signalling during catagen may prolong telogen

(Chapter 5 and 7) resulting in an accumulation of telogen hairs which are retained
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for some weeks (Headington, 1993). When reactivation does eventually occur,
the shedding of old hairs may produce the postpartum telogen-effluvium that is
experienced by some women (Headington, 1993; Harrison and Sinclair, 2002).
Thus, this precipitous switch to anagen occurs, not at weaning some months later,
but rather weeks after parturition, possibly when quiescent follicles are “released”
by some undefined inhibitor. As such, the lactation-delayed follicle cycle in mice
is consistent with the postpartum hair loss. Thus, the mouse may present a

suitable animal model for the analysis of this phenomenon.

DEPILATION-INDUCED HAIR CYCLING

Does prolactin also influence the mammalian hair follicle following plucking-
induced hair growth? Following depilation of hairs, it is desirable to quickly
replace the lost fibres to ensure continued warmth and protection of the skin. This
could be a problem if stress-induced increases in circulating prolactin enhanced
catagen (Foitzik et al., 2003), and prolonged telogen (Craven et al., 2001).
Down-regulation of PRLR numbers would be one way of ensuring decreased
sensitivity to the transient elevation in prolactin concentrations.  Follicle
regeneration could therefore proceed with minimal telogen. Intracutaneous
prolactin production occurs approximately three days after plucking, when PRLR
concentrations are rising again. When PRLR-L levels are maximal and prolactin
synthesis is greatest, inhibition of keratinocyte proliferation may result in
decreased length growth. That prolactin suppresses follicular keratinocytes is
demonstrated by the longer fibres of PRLR-deficient mice, and the accelerated

catagen in skin organ cultures treated with prolactin.

OTHER AGENTS MAY INTERACT WITH STAT PROTEINS TO AFFECT HAIR CYCLES

Many of the compounds known to induce follicular regression are reported to
activate, or interact with, Stat proteins to increase nuclear translocation and gene
expression. These include EGF (Lange er al., 1998, Gallego et al., 2001),
glucocorticoid receptors (Stoecklin et al., 1996), oestrogen, progesterone, and

prolactin (Stoecklin et al., 1999) (see Chapter 2).
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Both the prolactin and glucocorticoid pathways have been shown to influence
gene expression in epidermal tissues. Examples of this include the activation of
the B-casein gene in mammary tissue (Stoecklin et al., 1999) and the induction of
catagen in hair follicles (Paus et al., 1994b). The glucocorticoid receptor (GR) is
activated by a steroid hormone binding within the cytoplasm. This interaction
induces allosteric changes within the receptor, followed by dimerisation and
nuclear translocation. It is also reported that protein-protein interactions between
Stat5 and the GR occur (Stoecklin et al, 1996; Stoecklin et al., 1999;
Wyszomierski et al., 1999). As a result the GR can act as a transcriptional
coactivator for StatS and act synergistically to enhance Stat5-dependent
transcription. Prolactin-activated Stat5 can translocate GR into the nucleus, and
conversely GR can translocate Stat5 into the nucleus (Wyszomierski et al., 1999).
Within the nucleus, GR acts to enhance the DNA binding activity of Stat5 by
forming a complex that appears to protect StatS from inactivation by
dephosphorylation. Following prolactin treatment, prolonged binding of Stat5 to
DNA occurs, which may facilitate increased transcription (Wyszomierski et al.,
1999). Whether glucocorticoid-induced follicle responses are altered in Stat5h”

mice is intriguing (Chapter 7); however this remains to be tested.

Other steroid receptors may also impinge on the JAK/Stat signalling pathway. In
cancer cells, progestin up-regulates StatSa, StatSb, Stat3, and Statl protein levels
and induces translocation of Stat5 into the nucleus (Richer et al., 1998). This is
possibly mediated by the physical association of Stat5 and progesterone receptor
proteins (Richer et al., 1998). It is relevant to note that ligand-bound progesterone
receptors synergise with prolactin to increase Stat5-dependent gene transcription
of a reporter gene within transfected cells (Stoecklin et al., 1999). Moreover, this
simultaneous activation of Stat5 by prolactin and progesterone receptors is
diminished in the presence of R5020 (a progesterone agonist). In addition to
prolactin-induced interactions, progesterone synergises with EGF to enhance
StatS phosphorylation (Richer et al.,, 1998). In T47Dco cells, Stat5
phosphorylation by prolactin also requires progesterone pre-treatment (Richer et
al., 1998) thus bound progesterone receptor may act as a co-transporter of Stat5 in

the nucleus.
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L,

Gene transcription

Figure 8.4: Steroids and other hair growth modulators interact with Stat proteins.

Activation, nuclear-translocation and DNA binding of prolactin-induced Stat proteins may be
enhanced by interactions, including direct steroid receptor-protein interactions, of number of other
known hair growth modulators. (PR: progesterone receptor; ER: oestrogen receptor; GR:
glucocorticoid receptor; TSH; thyroid stimulating hormone; THR: thyroid hormone receptor; EGF:
epidermal growth factor)

During pregnancy, therefore, progesterone secretion apparently influences Stat
proteins by increasing phosphorylation and enhancing nuclear translocation,
increasing the expression of target-genes. Both Stat5a and 5b mRNA and protein
levels are also upregulated during pregnancy. Thus prolactin signals during early
pregnancy, and pseudopregnancy, may be potentiated by progesterone to inhibit
hair growth (Chapter 6). Progesterone receptors have also been reported to inhibit

Stat5-induced B-casein transcription in cultured mouse cells (Wyszomierski et al.,

1999).

Oestrogen receptors, present in the nuclei of dermal papilla cells, are upregulated
during telogen (Oh and Smart, 1996). Unlike GR, activation of oestrogen
receptors (ER) decrease Stat tyrosine phosphorylation thus reducing the amount of

Stat5-dependent transcription (Stoecklin et al., 1999; Wyszomierski et al., 1999).
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In contrast, ER may act as a coactivator for prolactin-activated Stat5 on the B-
casein promoter and have the capability to interact with Stat5b (Bjornstrom et al.,
2001). Of even greater interest, these authors report in a subsequent study that
activation of the ER by 17-B-oestradiol can transactivate Stat5 and Stat3 (by both
tyrosine and serine phosphorylation) resulting in nuclear translocation and
induction of B-casein expression in endothelial cells (Bjornstrom and Sjoberg,
2002). Thus, three discrete mechanisms of interaction between ER and Stat
signalling have now been described. These include the classical regulation of ER-
responsive genes, cross-talk with prolactin-activated Stat5b on the B-casein
promoter, and the direct non-genomic activation of Stats via induction of
cytoplasmic signalling pathways (Bjornstrom et al., 2001; Bjornstrom and

Sjoberg, 2002).

Peterson and Haldosen (1998) suggest EGF has a suppressive effect on Stat5
expression mediated through the ras/raf/MAPK pathway. In contrast, Richer
(1998) reports that EGF can stimulate Stat5, as well as Stat3, leading to

transcription of growth regulatory genes.

TSH is a principal regulator of thyroid gland growth and function. While the
presence of thyroxine is essential for normal hair growth, administration of
exogenous thyroxine to telogen wool follicles can stimulate proanagen (Ryder,
1979) and advance hair cycling (Ebling and Johnson, 1964b; Hale and Ebling,
1979), while tri-iodothyronine can increase hair length growth rate (Safer et al.,
2001). Activation of TSH receptors stimulates the JAK / Stat3 pathway in thyroid
cells (Park et al., 2000b), and subsequent induction of SOCSI and SOCS3 gene
expression (Park et al., 2000a). Furthermore, tri-iodothyronine activated thyroid
hormone receptor-B1 inhibits prolactin-induced transcription by interacting with
Stat5a and Stat5b to increase nuclear translocation (Favre-Young et al., 2000).
This inhibition is further potentiated by the the presense of retinoid X receptor-y.
These mechanisms provide cross-talk between TSH, thyroid hormones and
cytokine signals. As such, the actions of thyroid hormones in advancing hair
cycles and decreasing length growth could be explained by inhibition of prolactin-

induced transcription comparable to PRLR” mice (Chapter 4).
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As corticoids, oestrogen, EGF and progesterone have all been implicated in the
induction of catagen and inhibition of hair follicles (Ebling and Johnson, 1964a;
Ebling and Johnson, 1964b; Johnson, 1965; Ebling and Hale, 1970; Wallace,
1979; Messenger, 1993; Kendall, 1999; Yu, 2001) and have all been shown to
interact with, or modulate, Stat proteins (Stoecklin et al., 1996; Ormandy et al.,
1997b; Richer et al., 1998; Stoecklin et al., 1999). It is possible that these
pathways all converge at the level of Stat5 signalling. The exact repertoire of the
genes activated by these transcription factors is unknown, but it is possible that

investigators of different hormone axes are actually seeking the same target genes.

FUTURE WORK

This study has identified a period of particular sensitivity of the hair follicle to
prolactin. Further study of the factors regulating this responsiveness is warranted
to extend the preliminary evaluation of PRLR and SOCS at this time (Appendix
[). Candidate factors involved in PRLR regulation may include PRLR isoforms
and their abundance, phosphorylation of Stat proteins, basal and stimulated SOCS
levels and prescence of the cyclophilin-B chaperone. Alternatively, differential
gene expression between the prolactin-sensitive telogen skin and non-responsive
late telogen skin could be examined in studies involving microarray technology.
Such an approach might unearth novel hair growth regulatory factors that have

relevance beyond the prolactin signalling axis.

Similar approaches could be employed to compare telogen skin of virgin and
lactating mice to identify the inhibitory factors responsible for the delayed
regrowth in the latter (Chapter 6). Further experimental work might confirm the
association of prolactin with hair follicle growth inhibition during lactation.
Delayed follicle reactivation following administration of prolactin to dams, after
removal of the pups, would support prolactin as the likely inhibitor of hair
regrowth during lactation (as discussed in Chapter 6). Alternatively the
transplantation of PRLR” skin to a pregnant (immune-deficient) dam would allow
investigation of the lactation-induced hair growth effects on skin lacking prolactin

responsiveness.
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Interactions between steroids and PRLR signalling pathways may have clinical
relevance in hair growth. Treatment of PRLR” and Stat5h” mice with
dexamethasone and oestrogen could demonstrate synergistic interactions of
steroids with prolactin signalling molecules. The effect of steroid treatments on
PRLR populations in skin would aid the understanding of the interactions of hair
cycle regulators. For example, glucocorticoids are known to induce regression in
hair follicles. As glucocorticoid receptors have been shown to interact with Stat5
and synergistically enhance Stat5-dependent transcription it is not unreasonable to
predict that dexamethasone-induced hair responses may be altered in StatSb”
mice skin. Such a finding would support the hypothesis that these stimuli exert

their effects via converging pathways.

To confirm whether the phenotype observed in PRLR” mice is due to elimination
of the prolactin signal, and not some alternative PRLR-binding ligand, elucidation
of hair phenotype of prolactin knockout mice (Horseman et al., 1997) would be
justified. Likewise, to eliminate the possibility that StarSh” mice express a
phenotype brought about by inappropriate growth hormone signalling, similar
observations could be made on growth hormone receptor-deficient mice (Zhou et

al., 1997).

In future studies, the experimental models described here may reveal novel factors
in the regulation of the hair follicle, which may have relevance beyond solely
prolactin signalling. These findings would have relevance to the fur and wool-
producing industries, in modulating hair growth to produce a longer and higher
quality product. More importantly, appreciation of prolactin, its intracellular
signalling and interactions may be relevant to the human health and cosmetic
industries. The understanding of, and ability to manipulate, the hair cycle control
mechanisms may lead to treatments for dermatological conditions such as telogen

effluvium and post-partum alopecia.
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APPENDIX 1

ANALYSIS OF PRLR GENE EXPRESSION PRECEDING THE
G2 HAIR CYCLE

INTRODUCTION

The regulation of key prolactin signalling molecules leading up to the
morphological changes that occur during the G2 hair cycle is of considerable
interest. The molecular events occurring in 18-22 day old Balb/c mice are critical
in understanding the responsiveness of hair follicles to prolactin. To explore
these, mRNA studies were undertaken to assess the relative levels of key prolactin
signalling factors in the skin. Primarily, these aimed to establish if variations in
populations of PRLR could explain the difference in sensitivity to prolactin. In

addition, local production of prolactin (prolactin mRNA) could also be assessed.

METHODS

A tissue collection experiment was undertaken, in which three inbred female
Balb/c mice were sacrificed at each of 15, 18, 21, 24, 27, and 30 days of age.
Skin collected from the dorsum was snap frozen and subsequently ground and
total RNA extracted using the Trizol (Invitrogen) method. Following the
assessment of RNA concentration by Ribogreen assay (Molecular Probes), the
concentrations of each sample was standardised to 1 pg/ul. RNA concentrations
were rechecked by spectrophotometer and quality was visually assessed by
electrophoretic separation on a formaldehyde 2% agarose gel. First strand cDNA
was generated using RT-PCR primed by random hexamers. The number of PRLR
and prolactin transcripts relative to GAPDH was determined using real-time PCR.
This experiment, including the tissue collection and RNA extraction, was repeated

in an attempt to obtain satisfactory data.
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RESULTS

Although this experiment was undertaken twice, the RT-PCR analysis
consistently revealed large variations in PCR products suggesting some reactions
had failed. Standardisation of RNA by the ribogreen RNA assay resulted in bands
of approximately equal density when electrophoretically separated on an agarose
gel (Figure 5.3 Panel A). In contrast, the PCR analysis showed enormous
variations in the amount of PCR products generated from these RNA samples
(100 — 1000 fold) (Figure 5.3 Panel B). Although the integrity of a few RNA
samples appeared suspect, the degradation did not correlate with the inefficient
PCR. Although the PCR reactions were performed in random sample order, once
sorted it was clear that the efficiency of the RT-PCR was highly consistent
between mice of similar ages. Thus, these results appeared to be hair cycle
related. Samples taken from skin with increased follicle activity (day 18, 27 and
30) produced considerably more PCR product than telogen skin samples. This
entire experiment was repeated (including the collection of fresh tissue), and
resulted in similar PCR results highlighting the repeatable nature of these
findings. No difference in the PCR efficiency was noted when using first strand
cDNA primed by either oligo-DT primers or random hexamers, both being
supplied by the manufacturers (Invitrogen). These PCR difficulties had not been
encountered when performing the same analysis of skin collected from older mice

involved in other experiments reported in this thesis (Chapters 5 and 6).

CONCLUSIONS

The presence of an inhibitor of PCR is unlikely as when cDNA templates known
to produce good PCR were mixed in equal proportions with those producing poor
amplification the results were intermediate in line with the two fold dilution of the
concentrated anagen sample (Figure 5.3 Panel C). If a PCR inhibitor was present
in the cocktail one would expect a more complete failure of this reaction. The
quantification of mRNA in these telogen samples remains incomplete, and work
towards overcoming these PCR difficulties has temporarily ceased due to time

restraints.
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Figure App-1: RNA analysis of skin obtained from 18-30 day old female Balb/c mice. A:
Formaldehyde/agarose gel showing approximately equal concentrations of total RNA following
standardisation of samples. B: Relative abundance of PRLR-L, GAPDH and ribosomal 18S
transcripts in skin. The graph shows the number of PCR cycles required to achieve template
amplification to a threshold value (CT). Error bars indicate SEM. C: Quantitative PCR for
GAPDH using ¢DNA derived from anagen and telogen skin along with a cocktail of both these
mixed in equal proportions. The experiment was performed twice and involved different samples
(two shades of grey).
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PUBLICATIONS ARISING FROM THIS STUDY

PAPERS

Craven A.J.; Ormandy C.J.; Robertson F.G.; Wilkins R.J.; Kelly P.A.; Nixon A.J.;
and Pearson A.J. 2001. Prolactin signaling influences the timing
mechanism of the hair follicle: analysis of moulting cycles in prolactin
receptor knockout mice. Endocrinology 142: 2533-9.
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Craven, A.J.; Ormandy, C.J.; Nixon, A.J.; Wilkins, R.J.; Pearson, A.J. 200l
Prolactin receptor modulation of murine hair growth cycles. Programme and
Abstracts of the Third Intercontinental Meeting of Hair Research Societies,
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