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COMPOSITIONS AND METHODS FOR
TREATMENT OF PEDIATRIC PAIN

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application 1s a continuation of U.S. applica-
tion Ser. No. 16/985,274 filed Aug. 5, 2020, which 1s a
continuation of U.S. Ser. No. 16/180,085 filed Nov. 5, 2018,
(now U.S. Pat. No. 10,765,7253), which 1s a continuation of
U.S. Ser. No. 15/349,651 filed Nov. 11, 2016, (now U.S. Pat.
No. 10,155,026), which claims priority to and benefit of U.S.
Provisional Application Ser. No. 62/262,594 filed Dec. 3,
20135 entitled “Growth Hormone to Treat Pediatric Pain” the
contents of each are incorporated herein it its entirety for all
purposes.

STAIEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

[0002] This invention was made with government support
under HDO77483 and NS103179 awarded by the National
Institutes of Health. The Government has certain rights 1n
this nvention.

REFERENCE TO SEQUENCE LISTING

[0003] A Sequence Listing submitted as an XML file 1s
hereby incorporated by reference. The name of the XML file
for the Sequence Listing 1s 2015-0702-SL_18380877.xml,

the date of the creation of the XML file 1s Oct. 17, 2023, and
the size of the ASCII text file 1s 20,480 bytes.

BACKGROUND

[0004] It has been reported that pain 1s most often the
principal reason for pediatric patients to seek medical treat-
ment. Pain management in children 1s a significant clinical
problem. Post-operative pain or surgical pain is one type of
pain that 1s sometimes undertreated to avoid potentially
harmiul side effects of analgesics 1n neonates after surgery.
Chronic pain 1s another type of pain that also aflects a
significant amount of the pediatric population (15%-20%),
and which i1mposes a substantial monetary burden on
patients, families, and caregivers. Persistent changes in
nociceptive processing occur as a result of early life mjury
specifically, and results from a “priming” eflect due to the
carly injury and resulting pain.

[0005] Many of the pain therapies used in children such as
opi1oids, for example, can not only be madequate for pain
reliel, but also have inter-patient variability in climical
responses and can often produce significant adverse eflects
including nausea, vomiting, and respiratory depression (RD)
in as many as 50% of pediatric patients and have been linked
to the disrupted development of language skills, social
behaviors and attention Usage of opioids or anti-inflamma-
tories 1n utero have been linked to the improper development
of language skills, social behaviors and attention, suggesting
that such use should be limited or avoided entirely Thus, side
cllects often overshadow the analgesia desired from deliv-
ering these pharmacotherapies to chuldren. Further, there 1s
currently no eflorts to avoid the long term consequences of
pain 1n adulthood that results from priming as a result of pain
carly 1n life, which 1s not prevented using standard pain
management therapies.

[0006] Hence, the development of more suitable pediatric
pain therapies devoid of these adverse eflects 1s of vital

Feb. &, 2024

importance. However, to date, most analgesic development
has been evolutionary, with refinements 1 compounds
directed against well-known targets. Better drugs are clearly
needed, but new targets for therapy must be determined
betore superior compounds can be developed.

[0007] The instant application seeks to address one or
more of these needs 1n the art.

BRIEF SUMMARY

[0008] Disclosed are methods of treating pain 1n a mam-
mal, which may include the step of administering human
growth hormone to a mammal 1n need thereof. The pain
treated by the disclosed methods may be of a type caused by
inflammation imduced mechanical and/or thermal hypersen-
sitivity, and may include, for example, a pain type resulting
from one or more conditions selected from peripheral injury
pain, post-operative pain, cutaneous inflammation, cutane-
ous 1ncision, muscle mcision, or chronic pain. Disease states
in which the disclosed methods may be used include fibro-
myalgia, sickle cell anemia, epidermolysis bullosa, eryth-
romelalgia, complex regional pain syndrome, or generalized
muscle pain.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1: Cutaneous GH protein expression with or
without exogenous GH delivery after hairy skin inflamma-
tion at P14. Panel A: At P14, GH was found to be signifi-
cantly reduced 1n the inflamed hairy hindpaw skin 1 d after
peripheral injury. Levels 1n the imflamed area were reduced
35% (x9%) relative to that observed 1n naive hairy skin, but
returned to naive levels by day 3 (D3). Treatment of mice
with exogenous GH for three days prior to injury was able
to block the reduction 1n GH levels found after cutaneous
inflammation. Panel B: Analysis of naive forepaw (FP) or
back skin, or cutaneous tissue from these same regions
obtained from mice 1 d post carrageenan injection into the
hairy hindpaw skin at P14, showed no differences in GH
levels. The decrease 1n GH expression that was found in the
FP skin after hindpaw skin inflammation, was determined to
be a 29% (x10%) reduction, but this was not found to be
statistically significant vs. naive FP skin. n=3-4/group, *
p<t0.05 vs. naive, #p<0.07 vs. naive; One-way ANOVA/

Tukey’s post hoc.

[0010] FIG. 2: Effects of GH pretreatment on peripheral
hypersensitivity after P14 carrageenan injection. Panel A:
Mechanical hypersensitivity during P14 inflammation (imea-
sured as a percent change in thresholds relative to baseline)
was blocked by GH pretreatment at 1 d. No differences were
found between mice injected with carrageenan alone or
those treated with carrageenan plus GH at 3 d; however, both
of these groups diflered from mice that received carrageenan
only at the 1 d time point. Panel B: Hairy skin inflammation
also reduced the heat withdrawal latencies to 50° C. water at
1 d and 3 d post carrageenan, but this was completely
blocked by GH pretreatment at all time points tested. By 7
d, a partial restoration of heat hypersensitivity was found 1n
mice with carrageenan injection only; however, these mice
were not different than those treated with GH at this 7 d time
point. GH treated mice with hairy hindpaw skin inflamma-
tion did not change relative to their baseline levels at any
time point post inflammation. * p<0.035 vs. baseline and GH
treated mice, #p<0.05 vs. baseline, but not time matched GH

treated mice; 2-way RM ANOVA/Holm Sidak.
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[0011] FIG. 3: Growth hormone (GH) pretreatment blocks
hypersensitivity of “C”-fiber sensory neurons to mechanical
and thermal stimul1 during cutaneous inflammation mnitiated
at P14. At P14, carrageenan was found to increase the firing
of slowly conducting (C-fiber) polymodal nociceptors
(CPM) to both mechanical (Panel A) and heat (Panel B,
Panel C) stimuli. GH pretreatment in mice with hairy skin
inflammation however, blocked all of the observed changes
in CPM neurons at P14. Mechanical and heat hyper-respon-
siveness 1 CPM neurons resolved by 3 d post inflammation
while GH treated mice with inflammation showed no varia-
tions 1n CPM neuron responses to these stimuli at any time
point relative to uninjured control cells. Examples of cor-
responding responses to various stimuli are presented with
cach panel(s). VF=von Frey filament (peak response for
cell). *p<0.05 vs. naive; #p<0.05 vs. 1 d inflammation;
One-way ANOVA on Ranks/Dunn’s post hoc.

[0012] FIG. 4: Analysis of body weight, temperature, paw
edema and mRNA expression of select cytokines and growth
factors in skin after GH pretreatment in mice aiter P14
inflammation. At P14, no differences in body weight were
observed 1n any of the three groups (Panel A) however,
carrageenan 1njection induced an increase 1n body tempera-
ture that was similarly observed 1n the GH treatment group
(Panel B). * p<0.05 vs. naive; #p<0.05 vs. naive, but not
Carr.+GH treated mice; n=4-11/group; One-way ANOVA/
Holm Sidak post hoc. Carrageenan induced paw edema was
not aflected by a GH pretreatment regimen (Panel C). Only
IL1p was unregulated in the hairy hindpaw skin of P14
inflamed neonates (Panel D). GH treated neonates with
cutancous intlammation also showed upregulation of this
cytokine in the skin. Although both groups showed signifi-
cant upregulation of IL1p in the skin after inflammation,
there were no statistically significant differences between
these groups in regard to relative gene expression. Greyed
out values 1ndicate p<0.05 vs. naive only; n=3-7 for Panel C,
Panel D. undet=undetectable. One-way ANOVA/Tukey’s
post hoc. Values are presented as a percent change from
naive.

[0013] FIG. 5: Growth hormone (GH) regulates the
expression of msulin like growth factor 1 receptor 1n vitro
and after inflammation 1 vivo at P14. Examples of the
single cell collection method used for analysis and examples
of primary dorsal root ganglion (DRG) cultures treated with
or without GH (Panel A). Single cell PCR results from the
various culture conditions show that treatment of primary
P14 DRG neurons (n=20) with GH significantly reduces the
expression of IGFrl in single cells (Panel B, Panel C).
Example of an amplification plot obtained from a cell treated
with GH compared to an untreated DRG neuron shows a
rightward shiit in the Ct value for IGFrl 1n the GH treated
neuron while the LY'S normalization control gene remained
constant in each cell (Panel B). In addition to significantly
reduced relative expression, the number of cells that express
IGFr]l (IGFR1+) at detectable levels 1n GH treated cultures
was also lower than the number of cells containing IGFr1 in
untreated DRG neuron cultures (Panel C). One day (D1)
alter carrageenan induced intflammation of the hairy hind-
paw skin, a significant increase 1 IGFrl protein 1s detected
in the DRGs; however this 1s completely prevented in mice
treated with GH at P14 (Panel D; n=3-4 for each age). No
changes 1n the ligand IGF-1 however, were detected 1n the
skin among any of the experimental groups tested (Panel E;
n=3-4). Examples of IGFrl and IGF-1 western blots along
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with their GAPDH are provided in panels 5D and 5E. *
p<t0.05 vs. naive (N); One-way ANOVA/Tukey’s post hoc
test. Value 1n Panel C 1s presented as a percent change from
naive.

[0014] FIG. 6: Selective msulin like growth factor 1
receptor (IGFrl) knockdown inhibits mechanical and heat
hypersensitivity during inflammation at P14. Panel A: West-
ern blot results show that saphenous nerve injection of
siIRNAs targeting IGFrl (s1IGFrl) successiully blocks the
increase 1 IGFrl expression found 1in the DRGs of mice
with saphenous nerve injection of control, non-targeting
siRNAs (s1CON) in addition to hairy skin carrageenan
injection at P14 (n=3-4/group). Example western blots of
IGFrl and GAPDH are provided from each condition. Panel
B: At P14, silGFrl partially reversed the carrageenan
induced reduction 1n 1psilateral mechanical withdrawal
thresholds 1 d after inflammation. Panel C: The inflamma-
tion induced decrease in heat withdrawal latency at 50° C.
was completely blocked by si1IGFrl injection. Using ex vivo
recording, the miflammation induced increase 1 polymodal
“C”-fiber (CPM) neuron firing rates to both mechanical
(Panel D) and heat (Panel E) stimuli and the mean peak
instantaneous frequencies (IFs) to heat (Panel F) were all
blocked by aflerent targeted IGFrl siRNAs during intlam-
mation. Results are consistent to that described for GH
treatment above. Panel A-Panel C: * p<0.05 vs. naive or
baseline; **p<0.05 vs. baseline and 1 d siCON+Carr.; One-
way ANOVA with Holm Sidak or Tukey’s post hoc tests.
Panel D-Panel F: *p<0.05 vs. Naive and siCON+Carr.;
#%5<0.05 vs. silGFrl+Carr. and p<0.06 vs. naive; One-way
ANOVA on Ranks/Dunn’s post hoc.

[0015] FIG. 7. Antibody controls for use of growth hor-
mone (GH) antibody 1n western blotting and eflects of GH
treatment on cutaneous GH levels 1n naive neonates. Panel
A: In normal skin at P7 or P14, GH protein 1s detected at the
predicted weight around 22 kD using a GH antibody. Nega-
tive control experiments show that without primary antibody
incubation, no bands are detected for GH at 22 kD while
GAPDH protein 1s readily detected 1n these samples. Pro-
cessing blots with both the GH antibody and a GH blocking
peptide also eliminates band detection at 22 kD while
GAPDH 1s still detected. Panel B: Treating naive neonates
with GH for three days prior to analysis at 24 hrs after the
final dose, does not significantly alter the levels of cutaneous
GH detected in either P7 or P14 mice. One-way ANOVA
with Tukey’s post hoc test.

[0016] FIG. 8. Dose response analysis of the eflectiveness
of growth hormone (GH) treatment on mechanical and
thermal sensitivity 1 d post inflammation at P7 or P14. Three
different doses of GH (0.1, 0.25 and 0.5 mg/kg) were
injected (1p.) 1x per day for 3 d prior to carrageenan induced
hairy hindpaw skin inflammation at P7 or P14. Alternatively,
a single mjection of the highest dose (0.5 mg/kg) was given
at the same time as peripheral inflammation in other cohorts.
With regards to the 3 d pretreatment strategy, mechanical
hypersensitivity (Panel A) observed during inflammation 1s
blocked at the higher doses of GH, as was heat hypersen-
sitivity (Panel B). Similar results were also found 1n mice at
P14 for both mechanical and heat hypersensitivity (Panel C,
Panel D). A single dose of 0.5 mg/kg GH delivered at the
time of mflammation however was msuflicient to fully block
mechanical (8E) hypersensitivity found during carrageenan
induced inflammation at P7. The single dose of GH at P7
was suilicient however to partially reduce heat hypersensi-
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tivity at P7 (Panel F). No effects of single dose GH were
found. Similar results were found with a single dose of GH
in mice inflamed/treated at P14 in regard to the observed
mechanical (Panel G) or heat, (Panel H) hypersensitivity.

*p<0.05 vs.baseline; #p<0.05 vs. baseline and carrageenan
alone; One-way ANOVA/Holm Sidak post hoc.

[0017] FIG. 9. Comparison of the effects of GH treatment
on baseline mechanical and heat responsiveness in neonates
at P7 or P14. GH treatment in un-inflamed mice at P7
reduces the baseline paw withdrawal threshold (in grams
(g)) to mechanical stimulation of the hairy hindpaw skin
compared to untreated naive mice (Panel A). Heat with-
drawal latencies (in seconds (s)) were also increased by GH
at this neonatal age when specifically assessing 45° C.
withdrawal latencies (Panel B). GH treatment however in
P14 mice did not alter baseline mechanical thresholds (Panel
C) or heat withdrawal latencies to 50° C. water (Panel D).
*p<0.05 vs. naive; ANOVA/Holm-Sidak post hoc.

[0018] FIG. 10. Effects of GH pre-treatment on cutaneous
GH levels and behavioral responsiveness in P7 neonates
with hairy hindpaw skin inflammation. Panel A: Relative to
naive skin, the levels of GH protein detected in the hairy
hindpaw skin 1s reduced 36.5% (£10%) 1 d after cutaneous
inflammation at P7. Levels return to that detected in naive
mice by 3 d. GH pretreatment in inflamed P7 neonates
completely blocked the reduction in GH levels induced by
inflammation at 1 d. No differences in GH protein were
detected in mice with GH pretreatment and cutaneous
inflammation at 3 d relative to naives. These levels were
similar to that observed at the 1 d time point in GH treated
mice with P7 mflammation. Panel B: Analysis of the fore-
paw (FP) or back skin of naive mice or skin from these same
areas obtained from mice with hairy hindpaw skin inflam-
mation revealed no differences 1n GH protein levels. Panel
C: P7 neonates with cutaneous inflammation show signifi-
cantly reduced mechanical withdrawal thresholds relative to
theirr baseline at 1 d and this 1s restored by 3 d. GH
pretreatment completely blocked mechanical hypersensitiv-
ity induced by carrageenan injection at 1 d and this was also
maintained throughout testing at 3 d and 7 d post mjury in
these cohorts. Panel D: Heat withdrawal latencies to 45° C.
water are reduced by P7 inflammation at 1 d and 3 d and this
returns to baseline by 7 d post mjury. GH pretreatment
completely blocked this effect of carrageenan on heat
responsiveness at all time points tested. GH treated mice
with hairy skin inflammation did not vary from their base-
line values for mechanical or heat sensitivity at any time
point. *p<<0.035 vs. naive or baseline. One-way ANOVA with
Tukey’s or Holm Sidak post hoc tests.

[0019] FIG. 11. Growth hormone (GH) pretreatment
blocks hypersensitivity of “A”-fiber sensory neurons to
mechanical and thermal stimuli during cutaneous inflamma-
tion mitiated at P7 as assessed with ex vivo recording. Panel
A: At P7, carrageenan 1njection into the hairy hindpaw skin
was found to increase the firing of mechanically sensitive
and sometimes heat sensitive A-fiber nociceptors (11 A-high
threshold mechanoreceptor: A-HTMR) one day post intlam-
mation; however, this was completely blocked by GH pre-
treatment. In fact, responses of A-HITMRs to mechanical
stimuli did not change relative to naives at any time point
post inflammation. Panel B, Panel C: Similar results on
firing rate (Panel B) and mean peak instantaneous frequen-
cies (Panel C) to heat were found 1n these cell types at P7
when combining data from both time points (1 d and 3 d).
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Examples of corresponding responses to various stimuli are
presented with each panel(s). Recordings associated with
Panels B and C are shown in Panel D. VF=von Frey filament
(peak response for cell). *p<t0.05 vs. naive; #p<0.07 vs.
naive; One-way ANOVA on Ranks/Dunn’s post hoc.

[0020] FIG. 12. Effects of GH pretreatment on body
welght, temperature, paw edema and mRINA expression of
select cytokines and growth factors in skin post intflamma-
tion at P7. Panel A, Panel B: GH pretreatment had no overt
cllects on body weight (Panel A) or body temperature (Panel
B) post treatment (1-3 d) 1n mice with intflammation at P7.
Although mice with inflammation only showed a slight
increase 1n body weight from carrageenan injection relative
to naive animals, this was not found to be different than mice
treated with GH (p>0.05). GH treated mice with inflamma-
tion were also not found to be different than naives at P7/.
Although no eflects of inflammation were found on body
temperature at P7, pretreatment of mice with GH showed a
slight 1increase 1 body temperature that was different than
naives, but not different than mice with carrageenan injec-
tion alone. * p<0.05 vs. naive but not Carr. only; #p<0.035 vs.
naive, but not Carr.+GH treated mice; n=4-14/group; One-
way ANOVA/Holm Sidak post hoc. Panel C: Carrageenan
induced paw edema was unaflected by GH pretreatment.
Values presented represent the paw volume ratio between
ipsilateral and contralateral hindpaws. Panel D: Of the
cytokines and growth factors found to be detected in skin of
neonates after intflammation, the carrageenan induced
upregulation of mterleukin 13 (IUD and glial cell line-
derived neurotrophic factor (GDNF) were not altered by GH
pretreatment. Although each group showed enhanced
expression 1n skin relative to naives, this increase n gene
expression was not found to be different from each other. No
changes 1n nerve growth factor (NGF) or tumor necrosis
tactor o. (INFa were found in the skin in any group relative
to naives. n=3-4; One-way ANOVA/Tukey’s post hoc. Val-

ues are presented as a percent change from naive.

[0021] FIG. 13. Behavioral effects of siRNA (s1CON)

injection on mechanical and heat withdrawal responses in P7
or P14 neonates. Panel A: Injection of non-targeting control
siIRNAs (s1CON) mnto un-inflamed mice (no carrageenan)
slightly elevated mechanical withdrawal thresholds to von
Frey filament stimulation of the hairy skin at P7/, but this
subtle increase i mechanical thresholds did not reach
statistical significance at P14. Panel B: No effects of siRNA
injection were detected 1n regards to heat withdrawal laten-
cies to 45° C. (P7) or 50° C. (P14) water relative to their
baseline measurements at either age tested. *p<t0.05 and

#p<0.07 vs. baseline; One-way ANOVA with Holm-Sidak
post hoc.

[0022] FIG. 14. Effects of GH on IGFrl1/IGF-1 protein
levels and consequences of nerve specific mhibition of
IGFr]l on mechanical and heat responsiveness during P7
cutaneous inflammation. Panel A: Western blot results show
that at P7, hairy hindpaw skin inflammation induces a
significant increase in IGEFr] protein 1in the DRGs that can be
inhibited by GH pretreatment. Neither carrageenan 1njection
nor GH pretreatment in P7 intflamed neonates alters the
levels of IGF-1 protein in the skin. Panel C: Saphenous
nerve injection of siRNAs targeting 1GFrl (s1IGFrl) suc-
cessiully blocks the increase in IGFrl expression found 1n
the DRGs of mice with saphenous nerve injection of control,
non-targeting siRNAs (s1tCON) and hairy skin carrageenan
injection at P7. Panels A-C: Example western blots of
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IGFrl, IGF-1 and GAPDH are provided from each condition
(n=3-4/group). Panel D: silGFrl injection completely pre-
vented the carrageenan (Carr.) induced decrease in 1psilat-
eral mechanical paw withdrawal thresholds Id after cutane-
ous nflammation (siCON+Carr). silGFrl imection also
inhibited the mflammation-induced reduction in heat with-
drawal latency at 45° C. (E). Panels F-G: silGFr]l (n=4
(mechanical) and n=3 (heat)) reversed the ntflammation
(sitCON+Carr) induced increase in A-fiber high threshold
mechanoreceptor (A-HTMR ) mechanical (n=28) {iring rates
(Panel F), heat (n=9) firing rates (Panel ) and mean peak
instantaneous frequencies (IF) to heat (Panel H) 1 d after
carrageenan injection into the hairy hindpaw skin. (naive:
n=7, mechanical; n=2, heat). *p<t0.05 vs. naive or baseline;
#p>0.05 vs. baseline and s1iCON; ##p<0.069 vs. silGFrl+
Carr. Panel A-Panel E: One-way ANOVA with Tukey’s or
Holm-Sidak post hoc; Panel F-Panel G: Kruskal Wallis with
Dunn’s post hoc.

[0023] FIG. 15. Central hypothesis on the role of growth
hormone (GH) 1n mediating neonatal incision pain. Without
intending to be limited by theory, growth hormone levels
normally limit the afferent expression of insulin-like growth
tactor receptor type 1 (IGFrl) through tonic inhibition of
SRF dependent transcription. Under conditions of cutaneous
and muscle incision, GH levels are inhibited 1n these periph-
cral tissues resulting in a disinhibition of SRF mediated
transcription and thus a compensatory upregulation of IGFr]
in nociceptors. This upregulation leads to enhanced excit-
ability 1n sensory aflerents to peripheral stimuli, as the
unaffected IGF-1 levels in the periphery can act on more
receptors. This 1s believed to ultimately modulate ongoing
pain, thermal and mechanical sensitivity, and muscle func-
tion after neonatal peripheral injury.

[0024] FIG. 16. Western blot analysis of hairy hindpaw
skin or hindpaw muscles 1n naive or incised mice at 1 d with
or without growth hormone (GH) treatment for GH, IGF-1
and GAPDH. Examples of reduced GH expression 1n hairy
skin after cutaneous incision (A) at P7 and P14. GH protein
levels (normalized to GAPDH) were significantly reduced 1n
skin 1 d post skin incision (B) and this 1s restored with
exogenous GH treatment (0.5 mg/kgx3 d). Similar results
are found after muscle incision at both ages (C) in which
quantification of GH levels show significant reduction 1 d
after muscle incision (D). No eflects of incision or GH

treatment were found on cutaneous or muscle IGF-1 levels.
*p<0.05 vs naives. 1-way ANOVA; Tukey’s post hoc.

[0025] FIG. 17. Percent changes 1n gene expression 1n
DRGs and changes in peripheral response properties 1n
cutancous or muscle aflerents 1 d after inflammation or
incision at P7 or P14 with or without growth hormone (GH;
0.5 mg/kgb66) pre-treatment. Panel A: Age specific upregu-
lation of receptors/channels 1n L.2/L.3 DRGs after P7 or P14
skin inflammation. Myelinated, polymodal, high threshold
mechanoreceptor (APM) firing rates (FRs) to mechanical
(Panel B) and heat (Panel C) stimuli were increased at P7,
and this was blocked by pretreatment of mice for 3 d with
GH. Inflammation also significantly reduced heat thresholds
in the heat sensitive A-fibers (APM) at thus age and this was
also blocked by GH treatment (not shown). At P14, CPM
FRs to mechanical (Panel D) and heat (Panel E) stimuli were
increased compared to naives, but each of these changes 1n
allerent function were also blocked by GH pretreatment.
Numerous genes are upregulated in L2/1.3 DRGs after P/ or
P14 skin incision and these were all found to be either
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partially or fully blocked by GH pretreatment (Panel F).
CPM neurons show decreased mechanical thresholds (Panel
(o) and increased firing to heat stimuli (Panel H) 1 d after
incision at P14. Note: Data presented here included cells
(n=7) from one mouse at P27 to increase n, but data was not
different from that at P14. Several genes are also upregulated
in L4/L.5 DRGs after P7 or P14 muscle incision vs nalves
and these were all found to be partially or fully blocked by
GH pretreatment (Panel I). Group III/IV neurons show
decreased mechanical thresholds (Panel J) 1 d after incision
at P14, while group IV fibers specifically displayed
enhanced firing to mechanical stimuli (Panel K). (Gene
values: % Change vs. age-matched nalves). Underlined/
bold/italics values 1n A, F and I=*p<0.05 relative to age

matched naives. While underline/italics #=p<0.05 vs. naive
AND incision. B-E, G-H, J-K: *p value <0.05 vs. naive or

Carr.+GH. K-W/Dunn’s or ANOVA/Tukey’s.

[0026] FIG. 18. Behavioral responses to cutaneous or
muscle incision at P7 or P14 and the eflfects of GH treatment.
Skin 1ncision at P7 induces spontaneous guarding behaviors
(A) and mechanical hypersensitivity (B) 1 d after injury 1n
the aflected limb and this 1s blocked by GH treatment. No
changes 1n muscle strength (C) are detected after skin
incision at P14 vs. naives; however, mechanical hypersen-
sitivity (D) found 1 d after P14 incision 1s blocked by GH
treatment. Muscle 1ncision at P7 also induces spontaneous
guarding behaviors (E) and mechanical hypersensitivity (F)
1 d after injury 1n the affected limb and these are inhibited
by GH treatment. Muscle incision specifically induced a
significant reduction i1n muscle strength at P14 and GH
therapy reversed this ((G). Mechanical hypersensitivity
found 1 d after P14 incision however 1s partially blocked by

GH treatment (H).*p value <0.05 vs. baseline; #p value
<0.05 vs. baseline and 1 d incision. 2-way RM ANOVA;
Holm-Sidak or 1-way ANOVA; Tukey’s.

[0027] FIG. 19. Priming effects of neonatal inflammation
on young adult responses to inflammatory nsult with or
without neonatal GH treatment. Cutaneous inflammation at
P7 prolongs the mechanical (Randall-Selitto; A) and heat
(water bath; B) hypersensitivity observed in young adult
mice 1njected with carrageenan at P35, Treatment of these

[

mice with GH at P7 however, blunts this priming effect
(n=8-12¢a). Polymodal C-fiber (CPM) aflerents in young
adult mice (Naive, n=66; P7/Ad Carr, n=17; P7/Ad Carr+
GH, n=18) with hairy skin carrageenan injection at P7 and
P35 display decreased mechanical (C) and heat (D) thresh-
olds at 7-14 d (combined) post inflammation vs. naives. A
GH treatment at P7 blunts these effects on afferents. *p<0.05
vs BL or naive; **p<0.05 vs BL and other time matched

groups; "p<0.05 vs BL but no other groups; "not different
than naive or P7/Ad Carr.; RM or 1-way ANOVA/Holm

Sidak. MeanxSEM.

DETAILED DESCRIPTION

Definitions

[0028] Unless otherwise defined, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill i the art. In case of
conilict, the present document, including definitions, will
control. Preferred methods and materials are described
below, although methods and materials similar or equivalent
to those described herein can be used in practice or testing,
of the present mvention. All publications, patent applica-
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tions, patents and other references mentioned herein are
incorporated by reference in their entirety. The matenials,
methods, and examples disclosed herein are illustrative only
and not mtended to be limiting.

[0029] The terms and expressions used herein have the
ordinary meaning as 1s accorded to such terms and expres-
sions with respect to their corresponding respective areas of
inquiry and study except where specific meanings have
otherwise been set forth herein.

[0030] As used herein and 1n the appended claims, the
singular forms “a,” “and,” and “the” include plural referents
unless the context clearly dictates otherwise. Thus, for
example, reference to “a method” includes a plurality of
such methods and reference to “a dose” includes reference
to one or more doses and equivalents thereof known to those
skilled 1n the art, and so forth.

[0031] The term “about” or “approximately” means within
an acceptable error range for the particular value as deter-
mined by one of ordinary skill in the art, which will depend
in part on how the value 1s measured or determined, e.g., the
limitations of the measurement system. For example,
“about” can mean within 1 or more than 1 standard devia-
tion, per the practice 1n the art. Alternatively, “about™ can
mean a range of up to 20%, or up to 10%, or up to 5%, or
up to 1% of a given value. Alternatively, particularly with
respect to biological systems or processes, the term can
mean within an order of magnitude, preferably within
S-fold, and more preferably within 2-fold, of a value. Where
particular values are described 1n the application and claims,
unless otherwise stated the term “about” meaning within an
acceptable error range for the particular value should be
assumed.

[0032] The terms “individual,” “host,” “subject,” and

“patient” are used interchangeably to refer to an animal that
1s the object of treatment, observation and/or experiment.
Generally, the term refers to a human patient, but the
methods and compositions may be equally applicable to
non-human subjects such as other mammals. In some
embodiments, the terms refer to humans. In further embodi-
ments, the terms may refer to children.

[0033] The terms “neonate” and “neonatal” are mtended to
refer to ifants up to one year of age.

[0034] As used herein, the term *“‘child” means a mammal
one year of age to 13 years of age.

[0035] As used herein, “quvenile” refers to a mammal of
13 years of age to eighteen years of age.

[0036] As used herein, the term young or early adult refers
to a mammal of from 18 years of age to 40 years of age.
[0037] As used herein, the term adult refers to a mammal
greater than 40 years of age.

[0038] ““Therapeutically eflective amount” relates to the
amount or dose of an active compound or composition
described herein that will lead to one or more therapeutic
ellect, in particular desired beneficial eflects. A therapeuti-
cally effective amount of a substance can vary according to
factors such as the disease state, age, sex, and weight of the
subject, and the ability of the substance to elicit a desired
response 1n the subject. Dosage regime may be adjusted to
provide the optimum therapeutic response. For example,
several divided doses may be administered daily or the dose
may be proportionally reduced as indicated by the exigen-
cies of the therapeutic situation.

[0039] The phrase “pharmaceutically acceptable,” as used
in connection with compositions of the disclosure, refers to
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molecular entities and other ingredients of such composi-
tions that are physiologically tolerable and do not typically
produce untoward reactions when administered to a subject
(e.g., human). In certain embodiments, as used herein, the
term “pharmaceutically acceptable” means approved by a
regulatory agency of a Federal or a state government or
listed 1in the U.S. Pharmacopeia or other generally recog-
nized pharmacopeia for use in mammals (e.g., humans).

[0040] The term “carrier” applied to pharmaceutical com-
positions of the disclosure refers to a diluent, excipient, or
vehicle with which an active compound (e.g., dextrometho-
rphan) 1s administered. Such pharmaceutical carriers can be
sterile liquids, such as water, saline solutions, aqueous
dextrose solutions, aqueous glycerol solutions, and oils,
including those of petroleum, animal, vegetable, or synthetic
origin, such as peanut oil, soybean oil, mineral oil, sesame
o1l and the like. Suitable pharmaceutical carriers are

described 1n “Remington’s Pharmaceutical Sciences” by E.
W. Martin, 18th Edition.

[0041] Applicants have found that GH treatment may be a
clinically effective pain therapy 1n patients, 1n particular 1n
the developing human, including neonates, children, and
juveniles, however, at the doses currently used to stimulate
growth 1n growth hormone deficiency (GHD), GH would
not be suitable to use 1 normal children due to metabolic
and other potential side eflects. To date, no studies have
analyzed the specific effects of GH on cutaneous or muscle
sensory neurons or the observed hypersensitivity after injury
in neonates. The void in pediatric pain research 1n general
further hinders the ability to identity new therapies for
pediatric post-surgical pain that could target the appropriate
peripheral receptors or primary aflerents that are driving
pain development 1n children. Although a few studies have
analyzed the behavior efiects of GH-related pathways on
pain 1n rodents, these few studies have all been performed in
adults, which cannot be easily extrapolated to neonates.
Thus, pediatric post-operative pain development 1s quite
understudied compared to adult pain. Applicant has found
that GH treatment 1n neonate mice with cutaneous inflam-
mation or cutaneous or muscle 1ncision appears to block the
injury induced alterations in primary sensory neurons in
addition to behavioral hypersensitivity through an IGFrl
dependent mechanism. Without intending to be limited by
theory, the analgesic eflect of GH I treatment appears to be
due to the fact that peripheral injury in a neonate establishes
a localized “GH deficient” state in the injured skin or
muscle, and supplementing the animal with exogenous GH
reverses this state, subsequently leading to a restoration of
primary aflerent function and behavior. This may be due to
GH tomically reducing the expression of serum response
factor (SRF) which can regulate IGFrl transcription in
sensory neurons. GH treatment at the time of neonatal msult
was also found to blunt the priming eflects of a tissue or

muscle mjury on the hypersensitivity to subsequent re-injury
later 1n life.

[0042] Penpheral sensitization occurs after injury at all
ages, but insults sustained during development have the
potential to be much more detrimental to the long-term
outcomes of neonates. The neonatal period 1s a critical stage
for the structural and functional reorganization of the sen-
sory system. For example, there 1s a known switch 1n
neurotrophic factor sensitivity during the first week of life,
whereby sensory neurons downregulate trk A and upregulate
c-ret rendering them responsive to glial cell line-derived

L1
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neurotrophic factor (GDNF) 1nstead of nerve growth factor
(NGF). This switch subsequently regulates how the sensory
neurons relay imformation from the periphery to the spinal
dorsal horn (DH). Applicant has found that a single GH
treatment during early life msult prevents the known prim-
ing eflects of such injuries on later life hypersensitivity to
subsequent re-injury. Results indicate that young adult mice
with cutaneous intlammation display a longer lasting hyper-
sensitivity to mechanical and thermal stimuli 1f they expe-
rience an early life mjury (P7 inflammation) compared to
mike that only received carrageenan as adults. Deliver of
GH 1.5 mg/kg, 1ip. 1x, to neonates at the time of neonatal
inflammation (no pre-treatment) was able to significantly
block this priming eflect mn the older mice during ntlam-
mation 1n addition to blunting the late stage CPM neuron
sensitization observed 1n mice with dual injury. FIG. 19.

[0043] Cutaneous inflammation alters the function of pri-
mary ailerents and gene expression in the atlected dorsal
root ganglia (DRGs). However specific mechanisms of
injury-induced peripheral afferent sensitization and behav-
ioral hypersensitivity during development are not fully
understood. To determine if GH played a role in modulating,
sensory neuron function and hyper-responsiveness during
skin inflammation 1 young mice, Applicant examined
behavioral hypersensitivity and the response properties of
cutaneous aflerents using an ex vivo hairy skin-saphenous
nerve-dorsal root ganglion (DRG)-spinal cord preparation.

[0044] The appropriate interaction between primary atler-
ents and the spinal cord during development 1s necessary for
establishing normal responsiveness to external stimuli.
Injury during early life however, has been shown to alter DH
neuron development, which can induce altered behavioral
responsiveness to thermal and mechanical stimuli 1n adult-
hood. It has been hypothesized that this phenomenon 1s due
to altered peripheral A-fiber sensitization along with
improper development of glycinergic inhibition; a notion
that was recently supported by Applicant. As previously
reported, Applicant also found that developing cutaneous
nociceptors were sensitized to heat and mechanical stimuli
in a pattern that differed from adults.

[0045] It has been shown that patients with growth hor-
mone deficiency (GHD), along with showing deficits in
growth, can also display resting pain. Applicant and others
have found that GH treatment 1s climically eflective pain
therapy 1n these children and 1n a small subpopulation of
adult patients. (Cimaz, R., Rusconi, R., Fossali, E. &
Careddu, P. Unexpected healing of cutanecous ulcers 1n a
short child. Lancet 358, 211-212, do1:10.1016/50140-6736
(01)03413-7 (2001); Nathan A., Rose, J. B., Guite, J. W,

Hehir, D. & Milovcich, K. Prlmary erythromelalgla in a
chuld responding to intravenous lidocaine and oral mexi-
letine treatment. Pediatrics 115, €504-507, do1:10.1542/
peds.2004-1395 (2005); Cuatrecasas G., Gonzalez M 1,

Alegre C, Sesmilo G, Fernandez-Sola J, Casanueva F F,
Garcia-Fructuoso F, Poca-Dhiaz V, Izquierdo ] P, Puig-Do-
mingo M. High prevalence of growth hormone deficiency in
severe fibromyalgia syndromes. J. Clin. Endocrin. Metab.
05:4331-37. (2010); Cuatrecasas Gu., Alegre C, Fernandez-
Sola J, Gonzalez M J, Garcia-Fructuoso F, Poca-Diaz V,
Nadal A, Cuatrecasas Ga., Navarro F, Mera, A, Lage M,
Peino R, Casanueva F, Linan C, Sesmilo G, Coves M 1,
Izquierdo I P, ALvarez I, Granados E, Puig-Domingo M.
Growth hormone treatment for sustained pain reduction and
improvement in quality of life 1n severe fibromyalgia. Pain.
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153: 1382-89. (2012).). GH plays important roles 1n homeo-
stasis and tissue repair after injury in addition to 1ts growth
promoting eflects i children. However, GH-related signal-
ing molecules such as GH release hormone (GHRH) and
ghrelin have been found to decrease mechanical and thermal
hypersensitivity after inflammation in adult rodents. In addi-
tion, recent human studies have showed that GH treatment
provides analgesia 1n a subpopulation of adult patients with
fibromyalgia.

[0046] Disclosed herein are methods of treating pain 1n a
mammal. The methods may comprise the step of adminis-
tering human growth hormone to a mammal 1n need thereof.
In one aspect, the mammal may be selected from a human
neonate, a human child, a human juvenile, a human young
adult, or a human adult. In one aspect, the developing
mammal does not have a systemic growth hormone defi-
ciency.

[0047] In one aspect, the pain may be caused by inflam-
mation induced mechanical and/or thermal hypersensitivity.

[0048] In one aspect, the human growth hormone may be
administered to a mammal 1n an amount effective to treat a
pain type resulting from one or more conditions selected
from peripheral injury pain, post-operative pain, cutaneous

inflammation, cutaneous 1incision, muscle incision, or
chronic pain.
[0049] In one aspect, the human growth hormone may be

administered to treat pain associated with a disease or
condition selected from fibromyalgia, sickle cell anemia,
epidermolysis bullosa, ervthromelalgia, complex regional
pain syndrome, or generalized muscle pain.

[0050] In one aspect, the growth hormone may be admin-
istered post-operatively.

[0051] In one aspect, the growth hormone may be admin-
istered at a dose of from about 0.1 mg/kg to about 2.5 mg/kg,
or from about 1 mg/kg to about 1.5 mg/kg.

[0052] In one aspect, the human growth hormone may be
administered at a time period selected from prior to an event
likely to result 1n pain, at the time of the event likely to cause

pain, or following an event likely to cause pain, or a
combination thereof.

[0053] In one aspect, the administration step may occur
prior to an event likely to cause pain. The admimstration
may occur at a time period selected from about one day prior
to the event, about two days prior to the event, or about three
days prior to the event.

[0054] In one aspect, the dose may be administered sys-
temically. The dose may be administered over a period of
from 1 to 5 days, or 2 to 3 days. Where the dose 1is
administered 1n a single day, the dose may be from about 0.3
mg/kg to about 6 mg/kg, or from about 0.5 to about 5 mg/kg,
or about 1.0 to about 4 mg/kg, or about 2.0 to about 3 mg/kg.

[0055] In one aspect, the growth hormone may be admin-
istered topically at a dose of from about 0.1 mg/kg to about
3 mg/kg, or from about 1 mg/kg to about 2 mg/kg, or from
about 0.5 to about 1 mg/kg.

[0056] In one aspect, the human growth hormone may be
administered to the site of cutaneous and/or muscular
inflammation.

[0057] In one aspect, the administration may be 1n an
amount that avoids a side eflect of human growth hormone
administration typically associated with treatment at higher
levels for treatment of human growth hormone deficiency or
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short stature, wherein the side effect 1s selected from weight
gain, transient fevers, hyperglycemia, or combinations
thereof.

[0058] In one aspect, the administration ol growth hor-
mone may prevent acute to chronic pain transition. Acute to
chronic pain transition 1s a long term priming eflect of an
ijury during development of a developing mammal to a

subsequent re-1njury as a young adult or adult. In this aspect,
the administration of human growth hormone during a
neonatal injury may prevent altered DH neuron development
and altered behavioral responsiveness to thermal and
mechanical stimuli 1n adulthood.

[0059] In one aspect, a method of preventing transition
from acute to chronic inflammatory pain 1n a human subject
1s disclosed. In this aspect, the method may comprise the
step of administering human growth hormone to a subject
immediately prior, during, or after an event likely to cause
pain.

[0060] In one aspect, a kit 1s disclosed. The kit may
comprise a composition comprising human growth hor-
mone, and a means for delivery of the composition to a
human 1n need thereof.

[0061] In one aspect, an article of manufacture 1s dis-
closed. The article of manufacture may comprise, for
example, a container comprising a label and a composition
comprising growth hormone. The label may indicate that the
composition 1s to be admimstered to a neonate, child,
juvenile, or young adult, having, suspected of having, or at
risk for developing, pain. The pain may include any one or
more types of pain disclosed herein. In one aspect, the pain
may be of a type that results from one or more of cutaneous
inflammation, cutaneous i1ncision, or muscle incision. In one
aspect, the label may further indicate that the composition 1s
to be administered to a neonate, child, juvenile, or young
adult during, after, or prior to an event likely to cause pain
resulting from one or more ol cutaneous inflammation,
cutaneous 1ncision, or muscle incision, at a time period
selected from at least one day prior, at least two days prior,
or at least three days prior to said event.

[0062] Dosage

[0063] As will be apparent to those skilled in the art,
dosages outside of these disclosed ranges may be adminis-
tered 1n some cases. Further, 1t 1s noted that the ordinary
skilled clinician or treating physician will know how and
when to mterrupt, adjust, or terminate therapy 1n consider-
ation of individual patient response.

[0064] In certain embodiment, the dosage of human
growth hormone, based on weight of the active compound,
administered to prevent, treat, manage, or ameliorate pain 1n
a subject may be about 0.25 mg/kg, 0.5 mg/kg, 0.1 mg/kg,
1 mg/kg, 2 mg/kg, 3 mg/kg, 4 mg/kg, 5 mg/kg, 6 mg/kg, or
more of a subject’s body weight. In another embodiment, the
dosage of human growth hormone to prevent, treat, manage,
or ameliorate pain 1n a subject 1s a unit dose of about 0.1 mg
to 200 mg, 0.1 mg to 100 mg, 0.1 mg to 50 mg, mg to 25
mg, 0.1 mg to 20 mg, 0.1 mg to 15 mg, 0.1 mg to 10 mg,
0.1 mg to 7.5 mg, 0.1 mg to 5 mg, 0.1 to 2.5 mg, 0.25 mg
to 20 mg, 0.25 to 15 mg, 0.25 to 12 mg, to 10 mg, 0.25 mg
to 7.5 mg, 0.25 mg to 5 mg, 0.5 mg to 2.5 mg, 1 mg to 20
mg, 1l mg to 15 mg, 1 mg to 12 mg, 1 mg to 10 mg, 1 mg
to 7.5 mg, 1 mg to 5 mg, or 1 mg to 2.5 mg.

[0065] In one aspect, human growth hormone may be

present 1 an amount of from about 0.5% to about 95%, or
from about 1% to about 90%, or from about 2% to about
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85%, or from about 3% to about 80%, or from about 4%,
about 75%, or from about 5% to about 70%, or from about
6%, about 65%, or from about 7% to about 60%., or from
about 8% to about 55%, or from about 9% to about 50%, or
from about 10% to about 40%, by weight of the composi-
tion.

[0066] The compositions may be administered in oral
dosage forms such as tablets, capsules (each of which
includes sustained release or timed release formulations),
pills, powders, granules, elixirs, tinctures, suspensions, Syr-
ups, and emulsions. They may also be administered in
intravenous (bolus or infusion), intraperitoneal, subcutane-
ous, or intramuscular forms all utilizing dosage forms well
known to those of ordinary skill in the pharmaceutical arts.
The compositions may be administered by intranasal route
via topical use of suitable intranasal vehicles, or via a
transdermal route, for example using conventional transder-
mal skin patches. A dosage protocol for administration using
a transdermal delivery system may be continuous rather than
intermittent throughout the dosage regimen.

[0067] A dosage regimen will vary depending upon
known factors such as the pharmacodynamic characteristics
of the agents and their mode and route of administration; the
species, age, sex, health, medical condition, and weight of
the patient, the nature and extent of the symptoms, the kind
of concurrent treatment, the Ifrequency of treatment, the
route of administration, the renal and hepatic function of the
patient, and the desired effect. The eflective amount of a
drug required to prevent, counter, or arrest progression of
pain can be readily determined by an ordinarily skilled
physician

[0068] The pharmaceutical compositions may include
suitable dosage forms for oral, parenteral (including subcu-
taneous, intramuscular, intradermal and itravenous), trans-
dermal, sublingual, bronchial or nasal administration. Thus,
if a solid carrier 1s used, the preparation may be tableted,
placed 1n a hard gelatin capsule 1n powder or pellet form, or
in the form of a troche or lozenge. The solid carrier may
contain conventional excipients such as binding agents,
fillers, tableting lubricants, disintegrants, wetting agents and
the like. The tablet may, if desired, be film coated by
conventional techniques. Oral preparations include push-it
capsules made of gelatin, as well as soft, scaled capsules
made of gelatin and a coating, such as glycerol or sorbitol.
Push-fit capsules can contain active imgredients mixed with
a filler or binders, such as lactose or starches, lubricants,
such as talc or magnesium stearate, and, optionally, stabi-
lizers. In soft capsules, the active compounds may be
dissolved or suspended 1n suitable liquids, such as fatty oils,
liquid, or liquid polyethylene glycol with or without stabi-
lizers. If a liquad carrier 1s employed, the preparation may be
in the form of a syrup, emulsion, soit gelatin capsule, sterile
vehicle for inmjection, an aqueous or non-aqueous liquid
suspension, or may be a dry product for reconstitution with
water or other suitable vehicle before use. Liquid prepara-
tions may contain conventional additives such as suspending
agents, emulsitying agents, wetting agents, non-aqueous
vehicle (including edible oils), preservatives, as well as
flavoring and/or coloring agents. For parenteral administra-
tion, a vehicle normally will comprise sterile water, at least
in large part, although saline solutions, glucose solutions and
like may be utilized. Injectable suspensions also may be
used, 1n which case conventional suspending agents may be
employed. Conventional preservatives, bullering agents and
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the like also may be added to the parenteral dosage forms.
For topical or nasal administration, penetrants or permeation
agents that are appropriate to the particular barrier to be
permeated are used in the formulation. Such penetrants are
generally known in the art. The pharmaceutical composi-
tions are prepared by conventional techniques appropriate to
the desired preparation contaiming appropriate amounts of
the active mgredient, that 1s, one or more of the disclosed
active agents or a pharmaceutically acceptable salt thereof
according to the mvention.

[0069] The dosage of growth hormone used to achieve a
therapeutic effect will depend not only on such factors as the
age, weight and sex of the patient and mode of administra-
tion, but also on the degree of inhibition desired and the
potency of human growth hormone for the particular disor-
der or disease concerned. It 1s also contemplated that the
treatment and dosage of human growth hormone may be
administered 1n unit dosage form and that the unit dosage
form would be adjusted accordingly by one skilled in the art
to retlect the relative level of activity. The decision as to the
particular dosage to be employed (and the number of times
to be administered per day) i1s within the discretion of the
physician, and may be varied by titration of the dosage to the
particular circumstances of this mvention to produce the

[

desired therapeutic eflect.

Examples

[0070] GH exerts much of 1its effects through nsulin-like
growth factor (IGF)/IGF receptor (IGFr) signaling, but does
not bind IGFr directly. IGF-1 synthesis has been shown to
increase after tissue mnjuries and locally produced IGF-1 has
been linked to the development of injury-induced hypersen-
sitivity. Moreover, IGFr1 antagonists block mechanical and
thermal hyper-responsiveness during inflammation 1n adults.
Applicant hypothesized that GH signaling may also play an
important role i pain modulation during postnatal devel-
opment. Nevertheless, the role of GH 1n the development of
neonatal pain remains unclear. In the current study, Appli-
cant tested the hypothesis that a reduction in GH levels
during neonatal cutaneous mflammation drives the sensiti-
zation of primary aflferents and pain-related hypersensitivity
possibly by suppressing aflerent specific IGFr1 upregulation
within sensory neurons.

Example 1
[0071] Materials and Methods
[0072] Animals. Male and female Swiss Webster mice

(Charles River) from postnatal day 6 through 21 (=~0.5 d
around the specified age) were used in these studies. All
amimals were housed with the mother, which was provided
food and water ad libitum and maintained on a 12-hour
light/dark cycle. All procedures were approved by the Insti-
tutional Amimal Care and Use Committee at Cincinnati
Children’s Hospital Medical Center, under AAALAC
approved practices. No diflerences between male and female
mice were detected for any tests described below and thus
data was combined from both sexes throughout the manu-
script. As Applicant has documented age-related eflects of
injury on the excitability of primary aflerent neurons, Appli-
cant assessed the eflects of cutaneous intlammation begin-
ning at two different postnatal ages (P7 or P14) 1n order to
account for any potential developmental effects (Jankowski

M P, Ross I L, Weber J D, Lee F B, Shank A T, Hudgins R
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C. Age-dependent sensitization of cutaneous nociceptors
during developmental inflammation. Mol Pain 2014; 10:34.
doi: 10.1186/1744-8069-10-34).

[0073] Incision Model

[0074] Skin plus muscle incisions: Skin plus muscle 1nci-
s1ons will follow a modified version of Xu and Brennan (Xu
], Brennan T J. Guarding pain and spontaneous activity of
nociceptors alter skin plus deep tissue incision. Anesthesi-
ology. 112, 153-64. (2010).). Here however, we will perform
the mcisions from the hairy skin side of the hindpaw through
to the tlexor digitorum brevis muscles. Visualization of the
incision site 1s performed during terminal experiments to
verily that the main branch of the saphenous nerve 1s not
axotomized. Incisions are made from the hairy side of the
paw so that the correct mechanical sensitivity tests for
neonates may be performed and because cutaneous afferents
are being analyzed with a hairy skin ex vivo preparation (Xu
J, Brennan T J. Guarding pain and spontaneous activity of
nociceptors alter skin plus deep tissue incision. Anesthesi-

ology. 112, 133-64. (2010).)
[0075] Muscle Pain-Related Behavioral Assessments

[0076] To then assess pain-related behaviors in other
cohorts, a number of recognized measures for neonates 1s
used. These tests include: assessment of ongoing/spontane-
ous pain, which employs a modified version of guarding
behaviors as outlined in Xu and Brennan (Xu J, Brennan T
J. Guarding pain and spontaneous activity of nociceptors
alter skin plus deep tissue incision. Anesthesiology. 112,
153-64. (2010). In this model, an additional measure of
guarding can be detected specifically 1n neonates by moni-
toring upward toe curling (not shown). Hairy skin can be
stimulated using an increasing series of von Frey filaments
(0.07 g-6 g) to assess mechanical responsiveness (with-
drawal threshold), followed by immersion of the hindpaws
in a hot or cold water bath of varying temperatures (38-50°
C. or 0-10° C., respectively) to assess heat and cold sensi-
tivity (withdrawal latency) (Marsh, D., Dickenson, A.,
Hatch, D. & Fitzgerald, M. Epidural opioid analgesia in
infant rats I: mechanical and heat responses. Pain 82, 23-32
(1999). Fitzgerald, M., Shaw, A. & Macintosh, N. Postnatal
development of the cutaneous flexor reflex: comparative
study of preterm infants and newborn rat pups. Develop-
mental medicine and child neurology 30, 520-326 (1988).).
Von Frey stimulation of the hairy skin 1s used because 1t 1s
known that stimulation of the plantar surface can lift the paw
of neonates, which confounds the results of these mechani-
cal tests. Finally, mice >P14 will also be assessed for grip
strength using a grip strength meter. These are all sound
methods to assess somatosensation 1n neonatal rodents.

[0077] Carrageenan-induced inflammation. Mice are anes-
thetized under 3% i1sofluorane and 3-10 ulL of 3% carra-
geenan (in 0.9% NaCl) 1s injected into the right hairy
hindpaw skin by using a 30-gauge needle with syringe
according to previous procedures (Jankowski M P, Ross J L,
Weber I D, Lee F B, Shank A T, Hudgins R C. Age-
dependent sensitization of cutaneous nociceptors during
developmental inflammation. Mol Pain 2014; 10:34. do1:10.
1186/1744-8069-10-34.). The carrageenan was expelled
beginning at the ankle and allowed to fill under the hairy
hindpaw skin towards the digits. Injections were directed
towards the medial side of the hindpaw 1n order to target the
saphenous nerve field as accurately as possible. 1 ul./g body
welght was used as a guide for these injections according to
previous studies (Torsney C, Fitzgerald M. Age-dependent
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cllects of peripheral inflammation on the electrophysiologi-
cal properties ol neonatal rat dorsal horn neurons. J. Neu-
rophysiol. 2002; 87:1311-7. Available: http://in.physiology.
org/content/87/3/1311 .abstract. Accessed 23 Oct. 2013.) 1n
order to account for subtle variations 1n paw size that occurs
as a mouse develops during this period of life. At P7, mice
are approximately three to four grams 1n total body weight,
while mice at P14 are around seven to eight grams. Using the
abovementioned guide, within a given age group, only
variations of approximately 14 were made. GH treatments
did not alter injection volumes within a given age group.
Regardless, ipsilateral and contralateral hindpaw edema was
measured using calipers to ensure that a similar degree of
inflammation was attained at the different ages. All behav-
ioral, electrophysiological, anatomical or molecular analy-
ses were performed 1 d, 3 d and 7 d after injection of

carrageenan and compared to un-anesthetized naive mice at
P7 or P14, or with each other.

[0078] Growth hormone treatments and side eflects analy-
s1s. Mouse recombinant growth hormone (GH; GenScript) 1s
diluted 1n H,O (504) 1n different concentrations (0.1 mg/kg-
0.5 mg/kg) and intraperitoneally injected once per day
beginning three days prior to, or once on the day of
carrageenan injections or incision at P7 or P14 as indicated
above. The imitial guide that was used for this injection
strategy was based on the amount of GH that would be
needed to begin modulating systemic GH-mediated signal-
ing without concurrently stimulating growth (Farris G M,
Miller G K, Wollenberg G K, Molon-Noblot S, Chan C,
Prahalada S. Recombinant rat and mouse growth hormones:
risk assessment of carcinogenic potential in 2-year bioassays
in rats and mice. Toxicol. Sci. 2007; 97:548-61. do1:10.1093/
toxsc/’kim059). The maximum serum concentration of GH
detected from this injection regimen in rodents would only
reach approximately 100-150 ng/ml, three hours after the
final 1njection. By 24 hours after the final dose however,
which 1s when post mflammation assessments are per-
formed, systemic GH levels should return to normal con-
centrations (~0-20 ng/mL). Body weight, temperature and
urine ketones were monitored to determine potential side
cllects of GH administration. Temperature was determined
on the thorax using a contact thermocouple connected to a
temperature readout device according to previous proce-
dures (Goodrich C A. Measurement of body temperature 1n
neonatal mice. J. Appl. Physiol. 1977; 43:1102-5. Available:
http://www.ncbi.nlm.nih.gov/pubmed/606696). Levels of
ketones in the urine were determined by applying a small
droplet of urine to the testing end of a Ketodiastix (Bayer)
and verifying ketone concentration according to the color
coded scale provided by the manufacturer.

[0079] siRNA production and i vivo nerve injections.
Mice are anesthetized as described above. A small incision
1s made in the mid-thigh region exposing the saphenous
nerve. The nerve 1s loosened from the adjacent connective
tissue and placed onto a parafilm platform. Then 0.05-0.1 uL
of 20 uM non-targeting control (s1CON) or IGFrl targeting
(s1IGFrl) siRNAs (Thermo Scientific) 1s pressure injected
into the saphenous nerve using a quartz microelectrode
connected to a pico-spritzer. The control siRNAs used were
a pool of four non-targeting duplexes that do not target any
gene 1 the mouse genome (Thermo). The targeting

sequences used to design each s1tCON duplex are as follows:
S-UAAGGCUAUGAAGAGAUAC-3' (SEQ ID NO:1),

SAUGUAUUGGCCUGUAUUAG-3Y(SEQ  ID NO:2),
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S"AUGAACGUGAAUUGCUCAA-3'(SEQ ID  NO:3),
S-UGGUUUACUGUCGACUAA-3'(SEQ ID NO:4). The

specific targeting sequence for IGEFr] used for in vivo studies
was determined by selecting four different targeting
sequences (Thermo Scientific; Cat #D-056843) and trans-
fecting Neuro2 A cells 1n vitro according to previous reports
(Jankowski M P, Cornuet P K, Mcllwrath S, Koerber H R,
Albers K M. SRY-box containing gene 11 (Sox11) transcrip-
tion factor 1s required for neuron survival and neurite
growth. Neuroscience 2006; 143:501-314) with the 1ndi-
vidual IGFr] targeting siRNAs (1-4) and comparing them to
untreated cells or those transfected with the non-targeting
control siIRNAs (siCON). RNA 1s 1solated from the different
culture conditions, reverse transcribed and cDNAs were
used 1n SYBR Green realtime PCR reactions as described
below. The most efliciently targeting siRNA (Sequence #1:
S-CCAUCGAGGUUACUAAUGA-3'" (SEQ ID NO:5))
was used thereafter for this report. After injections, the
incision 1s closed with a 7-0 silk suture. For P7 mice,
siIRNAs are injected one day before imnflammation or inci-
sion, and for P14 mice, siRNAs are injected two days before
inflammation or incision. This strategy follows a modified
version of previous reports (Jankowski M P, Mcllwrath S L,
Jing X, Cornuet P K, Salerno K M, Koerber H R, Albers K
M. Sox11 transcription factor modulates peripheral nerve
regeneration in adult mice. Brain Res. 2009; 1256:43-54.
do1:10.1016/7.brainres.2008.12.032; Jankowski M P, Rau K
K, Sonejr D J, Anderson C E, Koerber H R. Enhanced
artemin/GFRao3 levels regulate mechanically insensitive,
heat-sensitive C-fiber recruitment after axotomy and regen-

eration. J. Neurosci. 2010; 30:16272-16283; Jankowski M P,
Rau K K, Sonej1 D I, Ekmann K M, Anderson C E, Molliver
D C, Koerber H R. Purinergic receptor P2Y1 regulates
polymodal C-fiber thermal thresholds and sensory neuron
phenotypic switching during peripheral inflammation. Pain

2012; 153:410-419. do1:10.1016/7.pain.2011.10.042).

[0080] Behavioral analyses. All behavioral experiments
were performed 1n which the experimenter was blinded to
the various conditions. siCON injected control mice that did
not receive carrageenan injections, were performed sepa-
rately by a different experimenter. Following a 15-20 minute
acclimation period 1n the behavior chamber, the mechanical
and thermal thresholds were tested as previously described
(Marsh D, Dickenson A, Hatch D, Fitzgerald M. Epidural
opi1oid analgesia 1n 1nfant rats 1I: responses to carrageenan
and capsaicin. Pain 1999; 82:33-38. do01:10.1016/50304-
3959(99)00029-9; Walker S M, Meredith-Middleton 1,
Cooke-Yarborough C, Fitzgerald M. Neonatal inflammation
and primary afferent terminal plasticity in the rat dorsal
horn. Paimn 2003; 103:185-195). Mechanical threshold 1s
determined by application of an increasing series of cali-
brated Von Frey (VF) hairs to the medial side of the dorsal
surface of the hindpaw, which 1s innervated by the saphen-
ous nerve. After another 10-15 minute rest period, a water
bath of varying temperatures 1s used to measure heat sen-
sitivity. Mice were gently held and both hindpaws were
submerged into the water. Time until a hindpaw flexion
withdrawal response was detected was recorded as the
latency. 20 seconds was set as a cut-ofl time. 40° C. and 45°
C. were tested for P/ cohorts (1-7 d post carrageenan) while
45° C. and 50° C. were tested for mice =zP14. This follows

a stmilar strategy to that previously described by Marsh et al
(Marsh D, Dickenson A, Hatch D, Fitzgerald M. Epidural
op1oid analgesia 1n 1nfant rats 1I: responses to carrageenan
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and capsaicin. Pain 1999; 82:33-38. do01:10.1016/50304-
3959(99)00029-9) and Walker et al (Walker S M, Meredith-
Middleton J, Cooke-Yarborough C, Fitzgerald M. Neonatal
inflammation and primary aflerent terminal plasticity in the
rat dorsal horn. Pain 2003; 105:185-195) 1n which different
maximal temperatures are required between these two ages.
Both mechanical and thermal tests were performed 3 times
at 5 minute intervals. The average of the three trials was
determined per mouse, per time point/condition. The aver-
age values are reported as mean+SEM after normalization to
age-matched naives. For siRNA 1njected mice, DRG recep-
tor expression (using PCR) 1s verified 1n the control or IGFr]
targeting groups to confirm validity of behavioral results
obtained from these cohorts. In a few instances, individual
mice did not achieve significant knockdown and are not
included in the analysis.

[0081] Ex vivo preparation and intracellular recording for
skin prep. The ex vivo hairy hindpaw skin/saphenous nerve/
dorsal root ganglion (DRG)/spinal cord (SC) somatosensory
system recording preparation was performed as described
previously (Jankowski M P, Lawson I J, Mcllwrath S L, Rau
K K, Anderson C E, Albers K M, Koerber H R. Sensitization
ol cutaneous nociceptors after nerve transection and regen-
eration: possible role of target-derived neurotrophic factor
signaling. J. Neurosci. 2009; 29:1636-47. do1:10.1523/
JINEUROSCI.3474-08.2009; Jankowski M P, Ross J L,
Weber J D, Lee F B, Shank A T, Hudgins R C. Age-
dependent sensitization of cutaneous nociceptors during
developmental inflammation. Mol Pain 2014; 10:34. do1:10.
1186/1744-8069-10-34; Lawson J J, Mcllwrath S L., Wood-
bury C I, Davis B M, Koerber H R. TRPV1 Unlike TRPV2
Is Restricted to a Subset of Mechanically Insensitive Cuta-
neous Nociceptors Responding to Heat. J. Pain 2008; 9:298-

308. do1:10.1016/1.17pain.2007.12.001; Ross J L, Queme L F,
Shank A T, Hudgins R C, Jankowski M P. Sensitization of
group III and IV muscle aflerents 1in the mouse after 1sch-
emia and reperfusion mjury. J. Pamn 2014; 135:1257-70.
do1:10.1016/7.3pain.2014.09.003). Briefly, mice are anesthe-
tized with ketamine and xylazine (90 and 10 mg/kg, respec-
tively) and intracardially perfused with oxygenated (95%
0,-5% CO,) artificial cerebrospinal fluid (aCSF; 1n mM: 1.9
KCl, 1.2 KH2PO4, 1.3 MgSO,, 2.4 CaCl,), 26.0 NaHCO;,
and 10.0 D-glucose) containing 233.9 mM sucrose at a
temperature of approximately 12° C. The spinal cord (caudal
from ~110) and the right hindlimb are excised and placed 1n
a bath of this oxygenated aCSF. The hairy skin of the right
hindpaw, saphenous nerve, L1-L5 DRGs and corresponding,
spinal cord segments were 1solated 1n continuity and then
transierred to a recording chamber containing chilled and
oxygenated aCSF 1n which the sucrose was replaced with
127.0 mM NaCl. The skin 1s then pinned out on a stainless
steel grid located at the bath/air interface to allow the dermal
surface to be continuously perfused with the aCSF while the
epidermis remained dry. The bath 1s finally warmed to 32°
C. before recording.

[0082] Intracellular single unit recording i1s performed 1n
sensory neuron somata contained within the L2 or L3 DRGs
using quartz microelectrodes (1impedance >150ME2) con-
taining 5% Neurobiotin (Vector Laboratories, Burlingame,
CA) 1 1 M potassium acetate. Sensory neuron somata in the
[.2/L3 DRGs with axons 1n the saphenous nerve are i1den-
tified by electrical simulation to the side of the nerve through
a suction electrode during intracellular recording. If a cell 1s
found to be driven by this electrical stimulus, then the
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cutancous receptive fields (RF) are localized with a soft
brush and/or von Frey filaments. When cells are driven by
the nerve but have no mechanical RF, a thermal search 1s
conducted by applying hot (~53° C.) and/or cold (~1° C.)
physiological saline to the skin.

[0083] Response characteristics of individual DRG cells
are determined by first applying mechanical and then ther-
mal stimuli to the hairy skin. For mechanical stimulation,
RFs are probed for 1-2 s with an increasing series of
calibrated VF filaments ranging from 0.07 g to 10 g. When
feasible, a mechanical stimulator that delivered a digitally
controlled mechanical stimulus 1s employed, which consists
of a tension/length controller (Aurora Scientific) attached to
a probe with a 1 mm diameter aluminum tip. Computer
controlled 5 s square waves of 1, 5, 10, 25, 50 and 100 mN
were applied to the cell’s RF 1n these instances. In order to
compare these results to those of the VF stimulation, units 1n
mN are converted to grams based on the 1 mm probe
diameter. After mechanical stimulation, a controlled thermal
stimulus was applied using a 3x5 mm contact area peltier
clement (Yale Univ. Machine Shop) or saline stimuli as
described. The controlled thermal stimulus consisted of a
variable cold ramp that started at 32° C. and dropped to
approximately 3-4° C., which was held for 2-3 s and allowed
to return slowly to the bath temperature (32° C.). Bath
temperature 1s held for a few seconds (~2-3 s) and then a
heat ramp 1s mitiated, which delivers an increasing heat
stimulus to the RF up to 52° C. The ramp increases in
temperature from 32° C. to 32° C. mn 12 s. The 352° C.
stimulus 1s held for 5 s and then the ramp returns the RF to
32° C. 1n 12 s. Adequate recovery times (approx. 20-30 s)
are employed between all stimulations. The repetitive stimu-
lation of the RFs with hot saline was not found to sensitize
nociceptors during the recording experiments. No difler-
ences were found 1n recorded fibers from the beginning of an
experiment to those obtained at the end.

[0084] When fibers were unable to be fully characterized
by controlled mechanical and thermal stimulation but were
partially characterized by one of the controlled stimul1 and
brush or saline stimuli, these cells were also included for
determination of afferent subtype prevalence and for the
properties 1n which Applicant obtained controlled data. All
responses are recorded for oflline analysis (Spike2 software,
Cambridge Electronic Design). Conduction velocities of the
recorded aflerents were then calculated from spike latency
and the distance between stimulating and recording elec-
trodes (measured directly along the nerve). Firing rates were
determined by calculating the peak finng after binning the
responses 1n 200 ms bins.

[0085] Ex vivo recording for muscle prep: Dissection of
the preparations have been described 1n detail previously 1n
adults (Jankowski, M. P. et al. Sensitization of cutaneous
nociceptors alter nerve transection and regeneration: pos-
sible role of target-derived neurotrophic factor signaling. J
Neurosci 29, 1636-1647 (2009) and 1n neonates (Jankowski
M P, Ross J L, Weber J D, Lee F L, Shank A T, Hudgins R
C. Age-dependent sensitization of cutaneous nociceptors
during developmental inflammation. Mol. Pain. 10: 34.
(2014) and are performed as described. Electrophysiological
recording and tissue collection are performed as described
previously (Jankowski, M. P. et al. Sensitization of cutane-
ous nociceptors after nerve transection and regeneration:
possible role of target-derived neurotrophic factor signaling.

I Neurosci 29, 1636-1647 (2009); Jankowski M P, Ross J L,
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Weber J D, Lee F L, Shank A T, Hudgins R C. Age-
dependent sensitization of cutaneous nociceptors during
developmental mmflammation. Mol. Pain. 10: 34. (2014);
Ross J L, Queme L F, Shank A T, Hudgins R C, Jankowski
M P. Sensitization of group 111 and IV muscle aflerents after
ischemia and reperfusion injury. J. Pain. 15, 1257-70.
(2014)). The muscle preparation will use the hindpaw

muscles and tibial nerve instead of the median and ulnar
nerves described in that study (Ross J L, Queme L F, Shank

AT, Hudgins R C, Jankowski M P. Sensitization of group III
and IV muscle aflerents after i1schemia and reperfusion
injury. J. Pain. 15, 1257-70. (2014)). Physiological proper-
ties measured are: 1) mechanical firing, thresholds and
dynamic response properties at varied mechanical forces; 2)
thermal thresholds, firing rates and mean peak instantaneous
frequencies during a heating/cooling stimulus; 3) chemical
responsiveness to diflerent combinations of lactate, ATP and
pH (Light, A. R. et al. Dorsal root ganglion neurons inner-
vating skeletal muscle respond to physiological combina-
tions of protons, ATP, and lactate mediated by ASIC, P2X,
and TRPV1. J Neurophysiol 100, 1184-1201 (2008); Light
AR. et al. Gene expression alterations at baseline and
following moderate exercise 1n patients with chronic fatigue
syndrome and fibromyalgia syndrome. J Intern Med. 271,
64-81 (2012); Ross J L, Queme L F, Shank A T, Hudgins R
C, Jankowski M P. Sensitization of group III and IV muscle
allerents 1n the mouse after 1schemia and reperfusion injury.
J. Pain 2014; 15:1257-70.d01:10.1016/7.jpain.2014.09.003)
(for muscle preparations only); 4) conduction velocity (CV);
5) somal spike shape (i.e. broad or narrow spike, inflected or
uninflected spike, AP and AHP duration); 6) presence or
absence of spontaneous activity. Afferents will be grouped
based upon response characteristics, conduction velocities

(CV) and spike shapes.

[0086] Cells are intracellularly recorded and physiologi-
cally characterized from the various groups i which at least
20 cells were obtaimned from a minimum of 3 mice per
condition.

[0087] Primary DRG cultures and single cell cDNA ampli-
fication. For primary DRG neuron cultures, Applicant fol-
lowed described procedures (Jankowski M P, Cornuet P K,
Mcllwrath S, Koerber H R, Albers K M. SRY-box containing
gene 11 (Sox11) transcription factor 1s required for neuron
survival and neurite growth. Neuroscience 2006; 143:501-
514; Malin S A, Davis B M, Molliver D C. Production of
dissociated sensory neuron cultures and considerations for
their use 1n studying neuronal function and plasticity. Nat.
Protoc. 2007; 2:152-60. do1:10.1038/nprot.2006.461) but
used DRGs from P14 male mice. Animals were first anes-
thetized and intracardially perfused with Hank’s Balanced
Salt Solution (HBSS). DRGs (all spinal levels) are then
dissected and collected in HBSS and dissociated using
cysteme/papain (0.03%, Sigma, and 20 U/mL, Worthington)
tollowed by collagenase II (0.3%, Worthington), and then
triturated with fire-polished glass pipettes in F12 complete
media (F12 containing 10% fetal bovine serum and 1%
penicillin/streptomycin) before plating onto poly-d-lysine/
laminin (20 pg/ml each, Sigma) coated glass coverslips
(Menzel, Germany) that 1s placed i 35 mm petr1 dishes.
Cells are allowed to incubate at 37° C./5% CO, for 1-2 hours
and then flooded with F12 complete media alone (untreated)
or media containing 50 ng/ml. GH (Genscript). Cells are
then allowed to incubate at 37° C./5% CO, for 24 hrs. At this

time, media 1s removed and cells were flooded with single
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cell PCR bufler (In mM: 140 NaCl, 10 glucose, 5 KC1, 10
HEPES, 1 MgCl,, and 2 CaCl,)). Then individual neurons
(n=20) that were qualitatively determined to be in the
medium to small diameter range were collected using boro-
silicate electrodes and Cell Tram Vario system (Eppendort)
under bright field optics using a Leica inverted microscope.
Images of the various cell culture conditions were obtained
using modified differential interference contrast on a Leica
inverted tluorescence microscope.

[0088] All collected single cells are used 1n realtime PCR
reactions based on a modified protocol from Kurimoto et al
(Kurimoto K, Yabuta Y, Ohinata Y, Ono Y, Uno K D,
Yamada R G, Ueda H R, Saitou M. An improved single-cell
cDNA amplification method for eflicient high-density oli-
gonucleotide microarray analysis. Nucleic Acids Res. 2006;
34:¢42. do1:10.1093/nar/gkl050) and Ross et al (Ross I. L,
Queme L. ., Cohen E R, Green K I, Lu P, Shank A T, An
S, Hudgins R C and J M. Muscle ILI drives 1schemic
myalgia via ASIC3-mediated sensory neuron sensitization. J
Neurosci. 2016; 36: 6857-6871). Single cells were first
expelled from the borosilicate electrodes into individual
tubes containing lysis builer from the Message Booster
cDNA Synthesis Kit (Epicentre/Illumina) and prokaryotic
spike RNAs (1000 copies of LYS transcripts) are used for
internal and reverse transcription controls since internal
controls such as GAPDH will consistently vary from single
cell to cell. Single cell RNAs were reverse transcribed with
Superscript 111 (Invitrogen) primed by an Oligo (dT) con-
taming a 17 RNA polymerase promoter. cDNAs then
undergo 1n vitro transcription, RNA 1s purified, and new
cDNAs are produced using Superscript I11I. cDNAs are then
diluted and ran in duplicate in standard SYBR Green real-
time PCR reactions (20 ng/reaction) on a Step-One realtime
PCR machine (Applied Biosystems). The forward and

reverse primer sequences for GAPDH and LYS are as
follows: GAPDH: forward: 5-ATGTGTCCGTCGTG-

GATCTGA-3'(SEQ ID NO:6); reverse: 5'-ATG CCT GCT
TCA CCA CCT TCT T-3' (SEQ ID NO:7); LYS: forward:
S'-GCC ATA TCG GCT CGC AAA TC-3' (SEQ ID NO:8);
reverse: 5'-AAC GAA TGC CGA AAC CTC CTC-3'(SEQ
ID NO:9). GAPDH was first tested 1n each sample to verity
acquisition of single cell cDNAs. However, cycle time (Ct)
values for all targets in single cell PCR reactions were

normalized to the LYS spike RNA controls.

[0089] Whole DRG or skin RNA 1solation, reverse tran-
scription and realtime PCR. Amimals were first anesthetized
as described above. The mice are then intracardially per-
tused with 1ce cold 0.9% NaCl prior to dissection of skin or
DRGs. RNA 1solation from the hairy skin 1s performed using
Trizol (Thermo) followed by RNA cleanup with the (Qiagen
RNeasy Mim Kits while L2 and L3 DRG RNA 1s 1solated
using (Qiagen RNeasy mini kits for animal tissues using the
supplied protocol (n=3-5 per condition and time point).
RINA concentrations are then determined by obtaining A260
readings on a Nanodrop spectrometer (Thermo). Purified
RNA 1s treated with DNase I (Invitrogen) and then DNased
RNA 1s reverse transcribed using Superscript II Reverse
Transcriptase (Invitrogen). For realtime PCR, 25 ng samples
of cDNA are added to a SYBR Green Master Mix (Applied
Biosystems) containing the appropriate primer combinations
and run 1n duplicate on an Applied Biosystems Step-ONE
realime PCR machine. Forward and reverse primer
sequences used 1n realtime PCR reactions for IL1{3, GDNEF,

NGEF, IGFrl, and GAPDH can be obtained from Ross et al
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(Ross I L, Queme L F, Shank A T, Hudgins R C, Jankowski
M P. Sensitization of group III and IV muscle aflerents in the
mouse after 1schemia and reperfusion injury. J. Pain 2014;
15:1257-70. do1:10.1016/1.1pain.2014.09.003), Jankowski et
al (Jankowski M P, Lawson I J, Mcllwrath S L, Rau K K,

Anderson C E, Albers K M, Koerber H R. Sensitization of

cutaneous nociceptors after nerve transection and regenera-
tion: possible role of target-derived neurotrophic factor
signaling. J. Neurosci. 2009; 29:1636-47. do1:10.1523/
INEUROSCI.3474-08.2009) or Elitt et al (Elitt C M, Mcll-
wrath S L, Lawson J J, Malin S a, Molliver D C, Cornuet P
K, Koerber H R, Davis B M, Albers K M. Artemin over-
expression 1n skin enhances expression of TRPV1 and
TRPA1 1n cutaneous sensory neurons and leads to behav-
1oral sensitivity to heat and cold. J. Neurosci. 2006; 26:8578-
8587). Primer sequences for the GH receptor are as follows:

Forward: S'-GCCTCTACACCGATG AGT AA-3'(SEQ ID
NO:10); Reverse: 5'-GGA AAG GAC TAC ACC ACC
T-3(SEQ ID NO:11). Primer sequences for TNFo are:
Forward: SS-TCGGAAAGAAATGTCCCAGGTGGA-3
(SEQ ID NO:12); Reverse: 5'-TGGAACTGGTTCTCCT-
TACAGCCA-3' (SEQ ID NO:13) and sequences for IL6 are:

Forward: 5-ACTGATGCTGGTGACAAC-3'(SEQ ID
NO:14); Reverse: S'-CCGACTTGTGAAGTGGTATAG-3'
(SEQ ID NO:13). Cycle time (Ct) values are normalized to
GAPDH and changes in expression are calculated as a AACt
value that 1s determined by subtracting the Ct values of the
gene of interest from the GAPDH (or LY'S) internal control
for each sample and compared among samples. Fold change
is described as 2**“* (Applied Biosystems) and 2-fold

change equals 100% change (mean+SEM).

[0090] Protein 1solation and western blotting. Simailar to
RNA 1solation, animals are first anesthetized as described
above and intracardially pertused with 1ce cold 0.9% NaCl.
Skin or muscle samples or L2/L.3 (cutaneous related inju-
ries) or L3/L4/L5 (muscle related injuries) DRGs pooled
from two mice as indicated are then collected and homog-
enized 1n lysis butler containing 1% sodium dodecyl sulfate
(SDS), 10 mM Tris-HCI (pH 7.4), and protease inhibitors (1
ug/ml pepstatin, 1 ug/ml leupeptin, 1 ug/ml aprotinin, 1 mM
sodium orthovanadate and 100 ug/ml phenylmethylsulfonyl
fluoride; Sigma Biochemicals). Then 20 ug samples from
cach condition are centrifuged and boiled 10 min 1n a
denaturing bufler containing p-mercaptoethanol and SDS
prior to gel electrophoresis. Samples are then separated on
a’7.5-16% polyacrylamide SDS-PAGE gel and transferred to
a PVDF (Millipore) membrane that 1s blocked 1n specialized
LiCor blocking bufler. Membranes are then incubated in
primary antibodies overnight at 4° C. (GAPDH: 1:2000,
ProSci Inc; GH: 1:2000, GenScript; IGF-1:1:1000, Abcam;
IGFrl: 1:7350, Acris). Antibody binding 1s visualized using
680 nm or 800 nm infrared dye-conjugated donkey anti-
rabbit or donkey anti-chicken secondary antibodies (1:20,
000; Li1Cor) with detection using the LiCor Odyssey Imag-
ing System (LiCor). Settings for detection were consistent
between runs. Immunoreactive bands are analyzed by den-
sitometry and quantified using NIH mmage J (RRID: nii-
0000-30467) software. Band intensity 1s normalized to
GAPDH and reported as a percent change (mean+tSEM). A
negative control and a peptide block control are also per-
tformed for the GH antibody. In this latter case, an equal
dilution of the manufacturer’s supplied peptide 1s incubated
with the GH antibody (above) during blot processing. For

Feb. &, 2024

the negative control, no primary antibody 1s used. Both
controls followed the above procedures.

[0091] Data analysis. All data are presented as
mean+SEM. Behavioral assays were compared using one-or
two-way repeated measures (RM) or standard analysis of
variance (ANOVAs) with Holm Sidak or Tukey’s post hoc
tests. Peak firing rates (FR), mean peak instantaneous 1ire-
quencies (IF) and thresholds to mechanical or heat stimuli
are compared via one-way ANOVA with Holm Sidak post
hoc as appropriate or Kruskal-Wallis one-way ANOVA on
ranks with Dunn’s post-hoc tests. Percent change 1n protein
expression detected from Western blotting and gene expres-
sion changes 1n single cells or whole tissues are analyzed via
one-way ANOVA with Tukey’s post-hoc. Critical signifi-
cance level was defined at p<0.05. Rare instances of statis-
tical outhiers defined as values greater than two standard
deviations away from the mean are not included in the
analysis.

[0092] Results

[0093] Cutaneous inflammation produces a localized
reduction in GH levels. In order to first determine 1f cuta-
neous mnflammation altered the levels of growth hormone
(GH) 1n the injured skin of neonates, Applicant quantified
GH protein i the hairy hindpaw skin using western blot
analysis on mice with inflammation induced at P14. Appli-
cant found that neonatal cutaneous inflammation (n=3-4
cach) significantly decreased the levels of GH protein pres-
ent 1n this target tissue one day after carrageenan 1njection
initiated at P14. Hairy skin GH levels returned to that of

naive mice three days after cutaneous inflammation (FIG. 1,
Panel A, Panel B).

[0094] Applicant then delivered a three-day pretreatment
of GH (0.5 mg/kg; 1x/d for 3 d) and found that this was
suflicient to prevent the reduction 1n hairy skin GH levels
following carrageenan injection at P14 (FIG. 1, Panel A;
p>0.05). Next, Applicant wanted to determine 1f the
observed GH reduction 1n hairy skin was specific to the
inflamed target tissue or was a broad eflect of peripheral
inflammation. Similar western blot analyses were performed
on forepaw and back skin from mice that received carra-
geenan 1njection mto the hairy hindpaw skin and found that
no statistically significant differences 1n GH levels were
detected (FIG. 1, Panel B; p>0.03). Both negative and
peptide block controls verified GH antibody specificity for
western blotting. GH imjections into naive neonates using
this regimen were not found to increase cutaneous levels of
GH (FIG. 7). These data suggest that cutancous inflamma-
tion produces a transient GH reduction 1n the affected skin
and a short, low dose GH pre-treatment reverses the inflam-
mation induced GH decrease in the skin.

[0095] Exogenous GH treatment blocks injury induced
mechanical and thermal hypersensitivity. As Applicant’s
data suggested that GH levels in the intlamed hairy skin of
neonatal mice could be manipulated and restored, the etlec-
tiveness of an exogenous GH treatment was tested on the
reported mechanical and thermal hypersensitivity during
cutancous inflammation at P7 or P14. Applicant {irst per-
formed a dose response analysis based on the above infor-
mation and previously reported data (Farris G M, Miller G
K, Wollenberg G K, Molon-Noblot S, Chan C, Prahalada S.
Recombinant rat and mouse growth hormones: risk assess-
ment of carcinogenic potential in 2-year bioassays in rats
and mice. Toxicol. Sci. 2007; 97:548-61. do1:10.1093/tox-
sc1/kim059). Mice were thus treated with one of three
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different doses of GH (0.1-0.5 mg/kg, 1p.) once a day
beginning three days prior to mnjury up through the day of
inflammation, or another cohort of mice was given a single
injection of GH (at 0.5 mg/kg, ip.) at the same time as
cutancous inflammation. Applicant found that inflamma-
tion-induced mechanical and heat hypersensitivity one day
after injury was blocked by varying doses of the three-day
pre-treatment strategy regardless of the age of 1nitial nsult.
A single 1njection of GH at the highest dose used; however,
was 1suilicient to block carrageenan induced hyper-respon-
siveness to mechanical and thermal stimuli at P14 while a
single dose of GH partially blunted heat but not mechanical
hypersensitivity at P7. (FIG. 8).

[0096] Applicant therefore assessed the time course of GH
ellects on neonatal inflammatory hypersensitivity using the
dosing regimen that was etlective 1n all behavioral tests (0.5
mg/kg, 1p.; 1x/d for 3 d prior to inflammation; see FIG. 8.
Specifically, mechanical thresholds in the ipsilateral hind-
paw one day (1 d) after carrageenan injection (at P14) were
significantly decreased compared to baseline, but this
returned to normal levels by three days (3 d; FIG. 2, Panel
A; n=12, p<0.05). However, GH pre-treatment completely
blocked this decrease at 1 d and showed no differences
versus baseline at 3 d (FIG. 2, Panel A; n=9, p<0.05). A
seven day (7 d) time point was not analyzed due to the
difficulty of mechanical testing on the hairy skin 1n older
mice (>P21). No changes were found in the contralateral
limbs 1n any group at 1 d (not shown).

[0097] Heat withdrawal latencies to 30° C. water were
significantly decreased Id and 3 d (p<t0.05) after P14 carra-
geenan injection compared with baseline. Heat hypersensi-
tivity returned towards uninjured levels by 7 d post intlam-
mation, but did not fully recover to naive levels. GH
pretreatment, however, completely inhibited the carrageenan
induced reduction in heat withdrawal latency at all time
points (FIG. 2, Panel B). No differences were detected
between any group during a 435° C. heat stimulus (p>0.05,
not shown). GH pretreatment at P14 had no eflect on
baseline mechanical sensitivity (1.e. without 1njury) or heat
withdrawal times compared to untreated naives (see FI1G. 9).
These data suggest that an exogenous GH treatment can
block mechanical and thermal hypersensitivity i given
before neonatal cutaneous mflammation.

[0098] Exogenous GH pretreatment blocks cutaneous
allerent sensitization during neonatal peripheral imflamma-
tion. To then determine the effects of GH pretreatment on the
response properties of primary sensory neurons, Applicant
performed single unit recordings with Applicant’s neonatal
ex vivo hairy hindpaw skin/saphenous nerve/DRG/spinal
cord recording preparation, at 1 d and 3 d post intflammation.
Two categories of sensory aflerents are detected based on
conduction velocity (CV) during development due to ongo-
ing myelination. “A”-fibers were defined as those that con-
duct at least twice as fast as the other sensory neurons
(“C”-fibers) 1n a given experiment. Based on these critena,
some fibers could be classified as “A”-fibers 1f they con-
ducted at the higher end of the adult C-fiber range for
rodents (1.2 m/s). However, it should be noted that only 13
cells out of 738 recorded 1n Applicant’s study fell into this
category (1.e. were classified as “A”-fibers despite conduct-
ing slower than 1.2 m/s). Furthermore, this categorization 1s
consistent with previous reports analyzing response proper-
ties of neonatal sensory neurons. At P14, the average CVs

for A-fibers were 5.14 mv/s, and the average CVs for C-fibers
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were 0.56 m/s. No differences 1n A-or C-fiber CVs were
found between any of the groups.

[0099] Applicant detected no diflerences after carrageenan
injection in the rapidly or slowly adapting low threshold
mechanoreceptors (faster conducting cells with narrow
spikes), nor were there any diflerences detected in the low
threshold mechanically sensitive and cold sensitive C-fibers
(CMC; slower conducting cells with narrow spikes). There
were also no differences in the mechanically insensitive but
cold (CC) or heat (CH) sensitive C-fiber neurons (slower
conducting, broad spiking) among any of Applicant’s
experimental groups (not shown). Therefore, the remainder
of the study focused on the myelinated nociceptors (faster
conducting, broad spiking aflerents) that were mechanically
sensitive, and sometimes thermally sensitive (“A”-high
threshold mechanoreceptors (A-HTMRs): AM or A-poly-
modal (APM)), or the unmyelinated nociceptors (slower

conducting, broad spiking {fibers) with these types of
responses (“C”-HTMR: CM or CPM).

[0100] Consistent with Applicant’s previous findings at
P14, CPM mechanical firing rates (FRs), heat FRs and heat
peak instantaneous frequencies (IFs) were all increased (n=7
(mechanical) and n=5 (heat)) 1 d after carrageenan induced
inflammation (p<<0.05) compared with naives (n=10 and
n=7, respectively; p<0.05). These alterations in C-fiber
response properties were all blocked by GH pretreatment
(n=4 for both mechanical and heat responsive cells; p>0.05;
FIG. 3, Panel A-, Panel C). No differences 1n mechanical or
heat firing 1n CPMs were found between groups at 3 d post
inflammation (FIG. 3; Inflammation Only: n=17 (mechani-
cal) and n=11 (heat); Inflammation+GH: n=6 (for both
mechanical and heat responsive cells)). Meanwhile, the CM
mechanical FRs and thresholds had no statistical changes at
any time point between any groups (n=4-9; not shown).
A-fiber HTMR mechanical FRs were not found to be
different post-carrageenan (n=10) compared to naives
(n=13; p>0.05; not shown). Heat FRs were also unailected
in the A-HTMR neurons at 1 d (n=3-6; not shown). These
data suggest that P14 cutaneous inflammation sensitizes
CPM nociceptors, but not A-fiber HTMRs; however, this can
be blocked by GH pretreatment.

[0101] A short course of low dose GH 1n mflamed mice
does not induce classic side eflects of extended GH therapy
or alter cutanecous ntlammatory responses to carrageenan.
Applicant next determined 11 transient, low dose GH therapy
produced any of the known side eflects of prolonged GH
therapy 1n Applicant’s mouse model of cutaneous intlam-
mation such as altered body weight, temperature or induc-
tion of hyperglycemia. Applicant found that the highest dose
(0.5 mg/kg 1p.; 1x/d for 3 d prior to inflammation) used to
ellectively block mechanical and thermal responsiveness 1n
inflamed mice was not suilicient to significantly alter body
weight at P14 (FIG. 4, Panel A; n=4-14; p>0.05), nor did 1t
produce detectable ketones 1n the urine (indirect measure of
insulin resistance; not shown). While a significant increase
in body temperature 1n mice that were mjected with carra-
geenan compared to uninjured naives was detected, this was

not further afiected by the injection of GH (FIG. 4, Panel B;
p<t0.05).

[0102] As Applicant’s results suggested robust effects of
GH pretreatment on neonatal hypersensitivity to cutaneous
inflammation, Applicant wanted to determine if these eflects
were due to alterations in the peripheral ntflammatory
response. Applicant thus measured paw edema and also
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performed realtime PCR on the hairy hindpaw skin for
various cytokines and growth factors in cohorts. Applicant
tound that GH treatment did not alter carrageenan induced
paw edema (FIG. 4, Panel C; p>0.8), and had no eflfects on
the induction of cutaneous cytokines and growth factors
after P14 inflammation (FIG. 4, Panel D). Of the numerous
tactors that were screened 1n this study, only the inflamma-
tory cytokine mterleukin 1 (IL1{3) was found to be signifi-
cantly upregulated 1n the skin after carrageenan injection
into the hairy hindpaw skin at P14, but GH pretreatment did
not prevent its upregulation. No increases 1n nerve growth
factor (NGF) or tumor necrosis factor o (TNFa) mRNA
were found in the skin after P14 inflammation (FIG. 4, Panel
D). Sigmificant levels of glial cell line-derived neurotrophic
factor (GDNF) or IL6 mRNA 1n any group using these
reaction conditions and primer sets (not shown) were not
detected. Thus GH does not appear to induce classic side
cellects of extended GH therapy, and the GH eflects on
peripheral hypersensitivity during neonatal inflammation are
unlikely to reflect a suppression of the inflammatory
response within the skin.

[0103] GH pretreatment regulates mechanical and thermal
hypersensitivity after cutaneous intlammation at P7. Since
data showed a profound effect of GH on neonatal hypersen-
sitivity to inflammation at P14, Applicant wanted to assess
whether similar results could be obtained 1n younger mice
(P7). Overall, Applicant found highly similar effects of GH
on carrageenan induced hypersensitivity when mnjury was
sustained at P7. Applicant found that GH was also reduced
specifically 1n the hairy skin after intlammation at P7 (FIG.
10, Panel A), B; n=3-4), which could be prevented with a
GH pretreatment (p>0.05). In addition, the mechanical and
heat hypersensitivity (at 45° C.) that was observed 1n these
younger mice was also blocked with exogenous GH pre-
treatment. (FIG. 10, Panel C, D; n=11-13, p<0.03). Similar
results on heat hypersensitivity were also detected at lower
temperatures analyzed. Although carrageenan 1njection sig-
nificantly decreased withdrawal latencies in response to a
40° C. heat stimulusat1 d compared to baseline (-21.7%=9.
9%:; p<<0.05), no differences 1n heat withdrawal latency were
detected 1n the GH treated group (-3.2%=+10.2%; p>0.05).
No differences were found among any of the groups at the
3 d or 7 d time points at this temperature however (not
shown). Finally, no changes were found in the contralateral
limbs 1n any group after P7 inflammation (not shown).

[0104] Interestingly, when comparing raw baseline values
between the groups, the mechanical withdrawal thresholds
for both 1psilateral and contralateral hindpaws were
decreased 1n the GH treated group compared to the baseline
thresholds in untreated/naive neonates at P7 (see FIG. 9;
p<<0.05; not shown). In the absence of injury, GH pretreat-
ment also appeared to increase the baseline withdrawal time
to 45° C. heat compared to baseline latencies of untreated/
naive mice at P7. However, GH did not affect baseline
withdrawal latencies to 40° C. (see FIG. 9; p<t0.05; not
shown). This effect did not however alter the results found
at the various time points post intlammation. In other words,
these alterations in baseline at the early age cannot account
for the apparent beneficial effects of GH after injury as
cilects on baseline responses were only found at P/ and not

P14 (see FIG. 9).

[0105] When assessing the response properties ol primary
aflerents using ex vivo recording i1n these P7 cohorts,
Applicant found that A-HTMR peak mechanical FRs were
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increased (n=10; p<0.03) at 1 d post inflammation compared
to naive cells (n=7). However, GH pretreatment in the
inflamed mice produced mechanical responsiveness similar
to naive levels at 1 d (n=7, p>0.03). No differences in
mechanical firrng were found between the groups at 3 d
(FIG. 11, Panel A; Inflammation Only: n=5; Inflammation+
GH: n=135). Although peak heat FRs were increased 1n
A-HTMR neurons after carrageenan injection, this did not
reach statistical significance (p<t0.1). Peak heat IFs however,
were found to be increased 1n “A”-fiber nociceptors (n=3) 1
d after carrageenan injection into the hairy skin (FIG. 11,
Panel B; p<0.05). GH also appeared to restore heat firing;
however, Applicant were only able to record from one heat
responsive A-fiber at 1 d and one A-fiber at 3 d 1n these mice.
Theretfore, Applicant combined data from both time points
to try to obtain at least some basic information regarding
heat hypersensitivity 1 A-fiber HIMR neurons from
inflamed mice treated with GH. When combining both time
points, GH pretreatment was found to prevent inflammation

induced heat hypersensitivity in A-HTMRs during P7
inflammation (n=2; FIG. 11, Panel B, C). The mechanical

and heat FRs in the CPM and CM neurons displayed no
obvious changes post-inflammation at P7 and these were
also unaflected by GH treatment (CPM: n=4-17 (mechani-
cal), n=4-11 (heat); CM: n=5-9; p>0.05, not shown). Similar
results were also found even 1f all C-HTMRs were combined
(CM and CPM; n=11-23; p>0.05), thus supporting the
notion that alterations 1n primary aflerents during P’/ cuta-
neous inflammation 1s restricted to sensitization in the faster
conducting, broad spiking sensory neurons (A-fiber nocice-
ptors), but a GH pretreatment can potentially block these
ellects. The average CVs for A-fibers were 4.04 m/s and

average CVs for C-fibers were 0.52 m/s at P7.

[0106] When assessing other potential effects of GH on
the P7 groups, Applicant detected a small increase in body
weight 1n P7 mice ijected with carrageenan only, but GH
had no effects on body weight 1n inflamed mice. A small
increase 1n body temperature at P7 1n inflamed maice treated
with GH relative to naive was found (p<t0.05), however the
temperatures in these mice were not different than mice that
received carrageenan alone (FIG. 12, Panel A), B; n=4-12;
p>0.05). At P7, carrageenan induced a similar level of paw
edema 1 mice with GH pretreatment to that observed 1n
mice with carrageenan injection alone (FIG. 12, Panel C).
Finally, significant increases in cutaneous IL13 and GDNF
were found 1n inflamed mice vs. naives at P7, but GH had
no effects on the inflammation-induced upregulation of these
tactors 1n the skin. No changes in NGF or TNFa were found

in the skin after P7 cutaneous inflammation and GH did not
alter this result (FIG. 12, Panel D).

[0107] GH regulates the expression of IGFrl in sensory
neurons. Applicant next investigated potential downstream
receptor mechanisms within sensory neurons underlying GH
cllects. Applicant therefore first performed realtime PCR on
the L2/LL3 DRGs from mice with cutaneous inflammation.
Applicant surprisingly did not detect any differences in the
expression of the GH receptor (GHr) 1n the DRGs of mice
inflamed at P7 (-30.6x13%) or P14 (-40.7+x23.3%) com-
pared to age-matched naive DRGs (p>0.03). Applicant’s
previous data showed a significant increase in IGFrl at both
ages, which 1s a known downstream mediator of GH func-
tion 1n other systems and has also been linked to mechanical
and thermal hypersensitivity after inflammation. Therefore,
to test if GH regulated the expression of IGFr1 specifically




US 2024/0041985 Al

in sensory neurons, Applicant dissociated P14 DRGs and
treated individual cultures with growth hormone. PCR
analysis of single DRG neurons (n=20) showed that treat-
ment of primary cultures with GH not only reduced the
numbers of individual cells that expressed IGFrl, but the
cells that contained IGFrl 1n the GH treated cultures showed
significantly reduced expression of this receptor (p<0.03)
compared to untreated neurons (FIG. 3, Panels A-C). Using
WB, Applicant found that carrageenan induced an increase
in IGEFrl1 protein 1n the DRGs of mice at P14. This increase
however, was blocked by pretreatment with GH (FIG. 5,
Panel D). Interestingly, Applicant found no changes in
IGF-1 1n the skin from any group (FIG. 5, Panel E). These
data suggest that IGFrl may be one target by which GH
could regulate peripheral hypersensitivity within sensory
neurons during neonatal cutaneous inflammation.

[0108] Primary afferent knockdown of IGFrl blocks
peripheral hypersensitivity and alterations 1n sensory neuron
response properties during neonatal cutaneous inflamma-
tion. Based on the above information, Applicant then uti-
lized a nerve-specific siRNA mediated knockdown strategy
to specifically mnhibit the inflammation induced upregulation
of IGFr] 1n injured saphenous aflerents. IGFr] expression 1n
the DRGs (n=6-14) of mice imjected with non-targeting,
siIRNAs (siCON) plus mflammation confirms Applicant’s
previous report of a significant increase i IGFrl mRNA 1
d after inflammation at P14 (95.3%+14.8%; p<0.05 vs
naive). Injection of IGFrl targeting siRNAs (silGFrl) in

TABL
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heat withdrawal latencies at 45° C. were not different
between baseline and 1 d intflammation for either siRNA
injected group at P14 (not shown). No eflects of siCON
injection were detected 1n regard to mechanical sensitivity 1n
mice at P14. The siRNA injection strategy also did not alter
behavioral responses to heat stimulation (FIG. 13).

[0110] Single unit recording using ex vivo preparation
showed no differences 1n mice with siCON 1njection plus
carrageenan compared to mice that only received carra-
geenan injection (lTable 1), therefore data from these two
groups were combined to enhance statistical power. At P14,
CPM mechanical FRs (n=14), heat FRs and heat IFs (n=12)
all increased 1n the s1tCON group (p<0.05) after carrageenan
compared to naives (n=10 (mechanical) and n=7 (heat)).
silGFrl 1mection prevented the inflammation induced
alterations 1n the CPM neurons at this age (n=15 (mechani-
cal) and n=11 (heat); p>0.05, FIG. 6, Panel D-F). Similar
ellects of IGFrl knockdown were found on the CM neurons
at this age 1n regard to the mechanical FRs (Naive: 1.8+£0.3
Hz, n=8; siCON+carrageenan: 4.9+£0.7 Hz, n=12, p<0.05 vs.
naive; silGFrl+carrageenan: 3.5+£0.6 Hz, n=6, p>0.05 vs.
naive). A-HTMR mechanical FRs, however, were not dif-
ferent between any group (n=6-15; not shown); Finally,
Applicant was only able to record from one A-fiber that
responded to heat at P14 from each of the siCON and
s1IGFrl groups, thus Applicant was unable to assess the
ellects of IGFr]1 knockdown on A-fiber heat responses at this
age.

(L]

1

Comparison of the response properties of A-HTMRs, CPM or
CM fibers mn mice at P7 or P14 with hairy skin inflammation alone or those with siCON
injection plus inflammation as assessed with ex vivo recording. No differences

Mechanical Thresholds

Mechanical Firing Rates

detected.

Heat Thresholds Heat Firing Rates

P7 1d siCON = Infl. 1d siCON =+ Infl. 1d siCON = Infl. 1d siCON = Infl.
Inflammation Inflammation Inflammation Inflammation
A- 47.6 £ 14.6 346 £7.2 11.1 = 3.0 6.3 £ 1.0 nt 399 + 6.7 12.7 £ 6.2 8.3 £ 2.6
HITMR
CPM 246 £ 12.6 285 7.6 6.5+ 1.3 4.2 £ 0.9 459 £ 0.9 458 + 1.4 1.5 £ 0.3 2.2 £ 0.3
CM 575 +12.6 31.6 £ 7.1 4.2 £ 1.6 3.6 £ 0.5 nt nt nt nt
P14 1d siCON = Infl. 1d siCON = Infl. 1d siCON = Infl. 1d siCON = Infl.
Inflammation Inflammation Inflammation Inflammation
A- 19.5 £ 7.5 37.8 £ 21.5 9.0 £ 1.3 6.9 £ 1.5 47.5 45.6 nt nt
HTMR
CPM 154 7.8 298 £9.2 59 + 0.3 5.7 £ 0.3 40.3 £ 4.0 42.1 £ 1.9 6.0 £ 2.5 6.2 £ 1.9
CM 41.3 £ 7.2 42.0 = 13.9 4.3 £ 0.8 5.3 £ 1.0 nt nt nt nt
inflamed mice prevented this increase (49.7%+14.9%; p>0. [0111] In order to again assess whether similar effects of

05). WB results (n=3-4) also shows that silGFrl 1njection
successiully blocked the mflammation-induced increase 1n
IGFr] protein in the DRGs (p<0.05, FIG. 6A).

[0109] Applicant then assessed behavioral hypersensitiv-
ity during cutaneous inflammation, in addition to atlerent
sensitization at P14. Ipsilateral hindpaw mechanical thresh-
olds at 1 d post mnflammation were again decreased from
baseline 1n the sitCON+Carrageenan group (n=11; p<t0.05),
while 1n the s1IGFrl+carrageenan group (n=10), the thresh-
olds only partially decreased from their baseline (p<<0.05,
FIG. 6, Panel B). Again, no changes were found in the
contralateral limbs 1n any group at 1 d (not shown). At 50°
C., the heat withdrawal latencies were significantly
decreased from baseline in the sitCON group (p<0.03), but
no significant changes were found in the silGFrl mjected

mice with intflammation (p>0.03, FIG. 6 Panel C, D). The

GH could be found on IGFrl expression or whether nerve
specific IGFr] nhibition could also blunt peripheral hyper-
sensitivity found 1n younger neonates with inflammation,
Applicant performed similar experiments described above in
these younger cohorts. As was found with P14 inflammation,
P’/ carrageenan injection upregulated IGFrl in the DRGs,

which was prevented by GH pretreatment, but inflammation
did not alter cutancous IGF-1 levels (FIG. 14; n=3-4). In

addition, siRNA mediated knockdown of IGFrl 1n sensory
neurons prevented the development of pain-related hyper-
sensitivity (n=9-10), and the sensitization of A-HTMRs,
normally seen after P7 inflammation (FIG. 14). siCON
injection alone slightly increased mechanical thresholds at
P77, but did not alter heat (45° C.) withdrawal latencies (see
FIG. 13). These data suggest that aflerent selective knock-
down of IGFr] blocks peripheral hypersensitivity and altera-
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tions 1n sensory neuron response properties during neonatal
cutancous inflammation similar to GH pretreatment.

[0112] Discussion

[0113] Growth hormone and nociceptor sensitization. The
initial postnatal period of life 1s a critical stage for the
development of the peripheral nervous system, and early life
ijury produces long-term alterations in nociceptive pro-
cessing. Pain also occurs after injury in pediatric patients at
all ages and related eflects 1n developing mice after injury
were observed (FIG. 2, FIG. 10). Furthermore, insults sus-
tained during development induce patterns of sensory neu-
ron sensitization that differ from those seen 1n adults. Thus,
the specific mechanisms by which pain may develop in
neonates could be unique.

[0114] Here Applicant found that cutaneous inflammation
in neonatal mice produced a transient reduction in GH levels
selectively 1n the affected skin, which corresponded with the
development and resolution of mechanical and thermal
hypersensitivity during inflammation. Pretreatment of
inflamed neonatal mice with exogenous GH prevented this
hypersensitivity and blocked all of the injury-induced altera-
tions 1n cutaneous afferents (FI1G. 1-3, FIG. 10-11), possibly

by preventing the upregulation of IGFrl within sensory
neurons (FIGS. 5, 6, 14).

[0115] Children with GHD display a resting pain, which
suggests that GH levels may have robust effects on sensory
function during early life when the peripheral nervous
system 1s undergoing normal functional and neurochemical
changes. During development, sensory neurons change their
phenotype as myelinated afferents lose heat sensitivity dur-
ing the first week of life while “C”-fibers gain heat sensi-
tivity during the second week. NGF and GDNF likely play
a role 1n this normal phenotypic switch in addition to atlerent
sensitization after injury. However, the data also suggests
that GH may be one additional factor involved in shaping
sensory responsiveness specifically i regards to how the

allerents respond to neonatal injuries and generate a pain
state (FIGS. 1-3; FIGS. 9, 11).

[0116] Interestingly, Applicant observed an effect of GH
on normal behavioral responses at P7 specifically. GH
pretreatment reduced mechanical thresholds and increased
heat withdrawal latencies in uninjured mice only at P7 (FIG.
9). This change 1n mechanical and thermal sensitivity in the
P’7 mice essentially produced thresholds/latencies that were
similar to naive P14 mice. As GH levels are known to
increase over time during early life to enhance normal
growth and development, artificial delivery of GH to a very
young mouse may hasten the development of the peripheral
sensory system even under conditions in which very low
doses are used. However, the fact that these tests are
performed on the hairy skin and not the glabrous skin may
be another factor, as this technique becomes increasingly
more diflicult to perform as the amimals get older. Regard-
less, mice treated with GH still displayed a complete block
of mechanical and heat hypersensitivity provoked by cuta-
neous inflammation (FIG. 2, 10).

[0117] GH has well-documented eflects on growth and
metabolism and extended GH treatment 1n patients 1s known
to produce side eflects such as increased weight gain,
transient fever or hyperglycemia. At the doses used to
stimulate growth in GHD, GH would not be suitable to use
in normal children due to metabolic and other side eflects.
Applicant found that a short course of low dose (0.5 mg/kg,
ip.; 1x/d for 3 d prior to mntflammation) GH was able to
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reverse pain-like behaviors (FIG. 2, 10) induced by cutane-
ous 1ntflammation without inducing classic side eflects or
growth promoting eflects of extended GH delivery 1n mice,
such as weight gain, transient fevers, and hyperglycemia.
Furthermore, the GH pretreatment regimen did not alter paw
edema during intflammation, nor was 1t able to block select
cytokine/growth factor production (IL1p, GDNF) 1n the skin
(FIGS. 4, 6; not shown). Although 1t unclear how GH 1s
reduced 1n the periphery during mflammation, Applicant’s
data suggests that subtle changes in peripheral GH levels
may have profound eflects on sensory function after mjury
possibly via direct eflects on the afierents (FIGS. §, 6, 14).
Future studies will be needed however to fully confirm this
notion.

[0118] GH regulates aflerent sensitization possibly by
suppressing 1GErl upregulation. The GHRH-GH-IGF-IGFr
system 1s important for the development of body growth and
repair after tissue injury. Similar to GH releasing molecules
such as ghrelin or GHRH, IGF-1 and 1ts receptor 1GFrl,
have also been demonstrated to be mvolved 1n nociceptive
processing 1n adult rodents possibly by modulating neuronal
excitability. Interestingly, in mice overexpressing 1GF-2,
studies have found reduced sensory innervation of the skin,
which may play a role in peripheral responsiveness.
Although Applicant did not assess IGF-2, significant altera-
tions 1 IGF-1 1n the skin during neonatal cutaneous intlam-
mation was not detected, nor was transient, low dose GH
therapy able to alter IGF-1 in the skin (FIG. 5, FIG. 14).
However, Applicant did observe an upregulation of IGFr]1 1n
the DRGs (FIG. 5, FIG. 14). IGFrl 1s expressed in medium
and small diameter DRG neurons, which are likely the cells
that are experiencing sensitization during inflammation.
Since GH can directly modulate the expression of 1GEFr]l 1n
single primary aflerent neurons (FI1G. §), Applicant sought to
determine 1f IGFrl upregulation was one possible mediator
of the observed hyper-responsiveness within sensory neu-
rons that was downstream of reduced GH levels 1n the skin.
Similar to GH pretreatment, Applicant found that afierent
selective knockdown of IGFr]1 during neonatal inflammation
also prevented the injury-induced alterations in cutaneous

allerents 1n addition to mechanical and thermal hypersensi-
tivity (FIG. 6, FI1G. 14).

[0119] Mechanistically, this may due to the fact that GH
can modulate IGFrl transcription through one of the many
of the transcription factors that are known to be activated by
GH signaling such as serum response factor or ELK1. Each
of these factors have binding sites 1n the upstream promotor
region ol IGFrl (Matlnspector software) and have been
shown to act as transcriptional repressors under certain
contexts, which could be at play 1n sensory neurons. Thus
loss of GH could reduce the activation of the transcriptional
repressors, subsequently permitting IGFrl upregulation in
the DRGs. IGFr]l would then have the ability to increase the
responsiveness of DRG neurons to mechanical and thermal
stimuli by modulating excitability or by regulating many of
the transcription factors activated from IGFr] signaling such
as ELK-1, CREB, or NFAT [Matlnspector]| which can regu-
late the expression of various other sensory transduction
receptors/channels (e.g. TRPM3, ASIC3, P2X3, TRPVI,
Piezo2, etc) that are modulated during inflammation. While
a loss of cutaneous GH may seem counterintuitive during
injury since i1t 1s a known tissue repair molecule, the tran-
sient nature of this loss may serve a role 1n dynamic IGFrl
upregulation 1 the DRGs to subsequently modulate
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mechanical and thermal responsiveness (1.e. pain), which 1s
itsell a protective measure for tissue repair. Although the
data do not completely confirm whether GH 1s acting
directly or indirectly on the sensory neurons, one plausible
mechanism by which GH acts within sensory neurons to
mediate hypersensitivity to peripheral inflammation in neo-
nates 1s via its eflects on IGFrl upregulation.

[0120] Clinical Significance. GH has been reported to be
an effective pain therapy for GHD children and patients with
erythromelalgia. Other reports have also shown that GH
treatment 1s an eflective pain therapy for patients with
fibromyalgia. However the eflect in fibromyalgia patients
was mainly found in those with corresponding low IGF-1
levels. Applicant’s data shows no effects of neonatal inflam-
mation or GH treatment on IGF-1 1n the skin (FIG. 5, FIG.
14). This may suggest that the link to IGF-1 levels and the
ellectiveness of a GH therapy may be specific to widespread
muscle pain disorders in adults and not neonatal intlamma-
tory pain states. Nevertheless, Applicant’s results show GH
has profound eflects on ijury responses during postnatal
development, suggesting that a short course of low dose GH
replacement therapy may eventually be used as an effective
pharmacological treatment strategy for neonatal pain that
does not cause unwanted side eflects typically seen with
extended GH delivery 1in humans. As neonatal injury 1is
known to alter primary aflerent function which can reorga-
nize the developing DH 1if imtiated at early ages, this
strategy may also mitigate the long-term consequences of
carly life msult on adult nociceptive processing.

Example 2

[0121] In order to better understand how individual sub-
populations of sensory afferents may contribute to pediatric
pain states, Applicant recently developed neonatal hairy
hindpaw skin/saphenous nerve and neonatal hindpaw
muscle/tibial nerve/DRG/SC recording preparations to com-
prehensively phenotype cutaneous and muscle sensory neu-
rons 1n mouse (FIG. 2). Using these preparations, Appli-
cant’s recent results show changes 1n aflerent subtype
prevalence during the course normal postnatal development
that differ from adults. This suggests that only particular
populations of aflerents may have the ability to sensitize to
specific modalities after peripheral injury at distinct ages
turther implying that unique primary afferent based mecha-
nisms of pain generation may occur after injury at different
ages.

[0122] Applicant has shown that the injury-evoked
changes 1n aflerent sensitivity 1n distinct subpopulations are
age-dependent. In addition to preclinical data, Applicant’s
climmical data has shown that pediatric patients with the
inflammatory skin disorder erythromelalgia or patients with
fibromyalgia (who often display reduced systemic GH lev-
¢ls), that were treated with growth hormone (GH) were free
of pain after treatment.

[0123] Applicant performed western blot (WB) analysis of
GH and IGF-1 levels 1n hairy hindpaw skin or hindpaw
muscles of P7 or P14 mice with cutaneous inflammation,
skin 1incision, or muscle incision and compared this to
age-matched naive controls. Applicant found that both
inflammation and incision produced a significant decrease 1n
GH, 1 d after injury at P7 or at P14 with no effects on IGF-1
(FIG. 16), suggesting that peripheral injuries produce GHD
in the affected tissues. GHD was target specific, not sys-
temic, and no changes to GH were found 1n the DRGs (not
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shown). Applicant thus pretreated mice (n=8-10) for three
days with varing doses of GH (0.1-0.5 mg/kg; 1.p.) prior to
hairy skin inflammation at P7 or P14 and performed behav-
ioral analyses for mechanical and thermal hypersensitivity.
The maximum dose used in these experiments would be
roughly half of the normal dose and V12" of the duration
required to reverse growth deficits 1n children or mice with
GHD and has been shown not to induce a systemic effect on
IGF-1 production. Applicant found that systemic GH treat-
ment 1n this manner dose dependently inhibited inflamma-
tion induced mechanical and thermal hypersensitivity in
neonates (not shown).

[0124] Although this pretreatment strategy confirmed the
viability of using GH to treat inflammatory pain 1in neonates,
it does not often model the clinical situation i which the
timing ol mjury 1s not known. However, in the context of
surgery, 1t 1s known when the ijury will take place, thus a
pretreatment strategy 1s 1deal for this scenario. In subsequent
pilot experiments, Applicant found similar eflects of GH
(0.5 mg/kg; 1.p) on incisional pain in P7 neonates (n=4-6) as
Applicant found after inflammation 1 which guarding
behaviors and mechanical hypersensitivity were reversed
with GH pretreatment. This was observed after cutaneous
incision only and skin plus muscle incision. Heat hypersen-
sitivity in P7 mice was also blocked by GH treatment 1n both
incision models (not shown). Since the slightly older (P14)
mice (n=4-6) are able to perform grip strength testing,
Applicant also wanted to determine 11 there was an effect of
this 1jury model on a more muscle-oriented task. While
skin incision alone only reduced mechanical sensitivity,
which was inhibited by GH treatment, muscle incision
significantly reduced grip strength in addition to lowering
mechanical thresholds 1n P14 mice. GH treatment inhibited
both of these behavioral deficits at 1 d after muscle incision
at P14. There were no diflerences in heat sensitivity or
guarding at this age, however. (FIG. 17)

[0125] While assessing the potential side eflfects of sys-
temic GH treatment regimen, Applicant confirmed that
treatment of naive neonates (P7 or P14) with the maximal
GH dose (0.5 mg/kg 1p.) for three days prior to analyses did
not alter baseline guarding, mechanical withdrawal thresh-
olds or heat withdrawal latencies, with the exception of P7
neonates where Applicant found a small decrease 1n baseline
mechanical thresholds (not shown).

[0126] Applicant performed realtime PCR and ex vivo
recording experiments one day after P7 or P14 inflammation
in mice pretreated with GH (0.5 mg/kgx3 d) to determine 1f
this factor could also alter DRG gene expression and func-
tional changes in specific aflerents that are likely mediators
ol ongoing pain and thermal and mechanical

[0127] Hypersensitivity. Applicant first found that GH
pre-treatment completely blocked almost all of the age
specific, inflammation induced changes 1n DRG gene
expression at both P7 and P14 (FIG. 17, Panel A) with the
exception of TRPC382 83. Next Applicant found using ex
vivo recording 1 d after P7 inflammation (n=158 cells), that

the increased firing to mechanical and heat stimulation of the
skin 1n A-fiber polymodal (APM) neurons was fully blocked

by GH pretreatment (FIG. 17, Panel B, C) with no rebound
at 3 d, which 1s also when Applicant normally observes a
resolution of GH levels 1n the skin 1n non-GH treated mice
(not shown). At P14, Applicant found similar effects of GH
(n=152 cells) on inflammation induced aflerent sensitization
as the increases in both mechanical and heat responsiveness
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in C-fiber polymodal (CPM) neurons after P14 inflammation
was 1nhibited by GH treatment (FIG. 17, Panel D, E,

Jankowski M P, Ross J L., Weber J D, Lee F L., Shank A T,
Hudgins R C. Age-dependent sensitization of cutaneous
nociceptors during developmental inflammation. Mol. Pain.
10: 34. (2014). Thus, GH may be altering mechanical and
thermal hyperalgesia by blocking the injury induced changes
in sensory neurons that initiate these pain behaviors. Since
this GH regimen did not cause side etlects, alter paw edema
or vary cytokines in the skin during these acute time points,
Applicant was able to study the eflects of GH on aflerent

plasticity and gene expression separate from any “off-target”™
ellects.

[0128] Applicant analyzed cutaneous and muscle afferent
response properties with ex vivo recording from mice with
cutaneous or muscle incision. With these experiments (n=63
cells) Applicant found that cutaneous incision at P14
reduced both mechanical thresholds (FIG. 16, Panel G) and
heat thresholds (not shown) and the firing to heat stimuli in
CPM neurons (FIG. 16, Panel H) 1 d after incision. Appli-
cant also confirmed that GH had pronounced efiects on the
age-dependent upregulation of receptors typically linked to
nociceptive processing in the DRGs after skin incision (FIG.
16, Panel F). In mice with muscle incision, Applicant found
specific reductions 1n mechanical thresholds 1n group I1I and
IV muscle afferents as well as increased firing to cold stimuli
(not shown) 1n these fibers 1 d after muscle incision. Group
IV fibers, were also specifically found to display enhanced
firing to mechanical stimuli (FIG. 16, Panel I, K). These
alterations in response properties again corresponded with
specific upregulation of sensory transducers in the respective
DRGs. GH treatment blocked the upregulation of these
genes 1n DRGs after muscle incision similar to skin incision

(FIG. 16, Panel 1).

Example 3

[0129] One of the more significant problems with early
life injury 1s not only the pain that comes with the 1nsult, but
the long-term consequences of such injuries later 1n life. In
addition to the abovementioned data, we also performed
studies to assess the utility of a single GH treatment during
carly life msult to prevent the known priming eflects of such
injuries on later life hypersensitivity to subsequent re-injury
(n=8-12). Results indicate that young adult mice with cuta-
neous milammation display a longer lasting hypersensitivity
to mechanical and thermal stimul1 11 they experienced an
carly life injury (P7 inflammation) compared to mice that
only received carrageenan as adults. However, delivery of
GH (1.5 mg/kg, 1p. 1x) to neonates at the time of neonatal
inflammation (no pre-treatment) was able to significantly
block this priming eflect 1n the older mice during ntlam-
mation 1n addition to blunting the late stage CPM neuron
sensitization observed 1n mice with dual injury (FIG. 19).
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Sequence total quantity: 15
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[0207] It should be understood that every maximum
numerical limitation given throughout this specification
includes every lower numerical limitation, as 1f such lower
numerical limitations were expressly written herein. Every
minimum numerical limitation given throughout this speci-
fication will include every higher numerical limitation, as 1f
such higher numerical limitations were expressly written
herein. Every numerical range given throughout this speci-
fication will include every narrower numerical range that
falls within such broader numerical range, as 1f such nar-
rower numerical ranges were all expressly written herein.
[0208] The dimensions and values disclosed herein are not
to be understood as being strictly limited to the exact
numerical values recited. Instead, unless otherwise speci-
fied, each such dimension 1s intended to mean both the
recited value and a functionally equivalent range surround-
ing that value. For example, a dimension disclosed as “20
mm” 1s intended to mean “about 20 mm.”

[0209] Every document cited herein, including any cross
referenced or related patent or application, 1s hereby incor-
porated herein by reference 1n 1ts entirety unless expressly
excluded or otherwise limited. The citation of any document
1s not an admission that 1t 1s prior art with respect to any
invention disclosed or claimed herein or that 1t alone, or 1n
any combination with any other reference or references,
teaches, suggests or discloses any such invention. Further, to
the extent that any meaning or definition of a term 1n this
document conflicts with any meaning or definition of the
same term in a document incorporated by reference, the
meaning or definition assigned to that term 1n this document
shall govern.

[0210] While particular embodiments of the present
invention have been illustrated and described, 1t would be
obvious to those skilled 1n the art that various other changes
and modifications can be made without departing from the
spirit and scope of the mvention. It 1s therefore mntended to
cover 1n the appended claims all such changes and modifi-
cations that are within the scope of this invention.

SEQ ID NO: 1 moltype = RNA length = 19
FEATURE Location/Qualifiers
misc feature 1..19
note = Targeting sequence used to design sl1CON duplex
gource 1..1¢
mol type = other RNA
organism = synthetic construct
SEQUENCE: 1
taaggctatg aagagatac 19
SEQ ID NO: 2 moltype = RNA length = 19
FEATURE Location/Qualifiers
misc feature 1..19
note = Targeting sequence used to degsign sl1CON duplex
source 1..1¢
mol type = other RNA
organism = synthetic construct
SEQUENCE: 2
atgtattggce ctgtattag 19
SEQ ID NO: 3 moltype = RNA length = 18
FEATURE Location/Qualifiers
misc feature 1..19
note = Targeting sequence used to desgsign si1CON duplex
gource 1..1¢

other RNA

mol type
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-continued
organism = synthetic construct
SEQUENCE: 23
atgaacgtga attgctcaa 19
SEQ ID NO: 4 moltype = RNA length = 18
FEATURE Location/Qualifiers
misc feature 1..18
note = Targeting sequence used to desgsign s1CON duplex
source 1..18
mol type = other RNA
organism = synthetic construct
SEQUENCE: 4
tggtttactg tcgactaa 18
SEQ ID NO: b5 moltype = RNA length = 19
FEATURE Location/Qualifiers
migc feature 1..19
note = gi RNA Sequence #1
gource 1..19
mol type = other RNA
organism = synthetic construct
SEQUENCE: 5
ccatcgaggt tactaatga 19
SEQ ID NO: 6 moltype = DNA length = 21
FEATURE Location/Qualifiers
misc feature 1..21
note = GAPDH forward primer
source 1..21
mol type = other DNA
organism = synthetic construct
SEQUENCE: 6
atgtgtccgt cgtggatctg a 21
SEQ ID NO: 7 moltype = DNA length = 22
FEATURE Location/Qualifiers
misc feature 1..22
note = GAPDH reverse primer
source 1..22
mol type = other DNA
organism = synthetic construct
SEQUENCE: 7
atgcctgett caccacctte tt 22
SEQ ID NO: 8 moltype = DNA length = 20
FEATURE Location/Qualifiers
migc feature 1..20
note = LYS forward primer
source 1..20
mol type = other DNA
organism = synthetic construct
SEQUENCE: 8
gccatatcgg ctcecgcaaatc 20
SEQ ID NO: 9 moltype = DNA length = 21
FEATURE Location/Qualifiers
misc feature 1..21
note = LYS reverse primer
source 1..21
mol type = other DNA
organism = synthetic construct
SEQUENCE: 9
aacgaatgcc gaaacctcecct c¢ 21
SEQ ID NO: 10 moltype = DNA length = 20
FEATURE Location/Qualifiers
misc feature 1..20
note = GH Receptor forward primer
source 1..20
mol type = other DNA
organism = synthetic construct
SEQUENCE: 10
gcctectacac cgatgagtaa 20
SEQ ID NO: 11 moltype = DNA length = 19

FEATURE Location/Qualifiers
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-continued
misc feature 1..19
note = GH Receptor reverse primer
source 1..19
mol type = other DNA
organism = synthetic construct

SEQUENCE: 11
ggaaaggact acaccacct

SEQ ID NO: 12
FEATURE

moltype = DNA length = 24
Location/Qualifiers

misc feature 1..24

note = TNF (alpha) forward
source 1. .24

mol type = other DNA

organism = synthetic construct

SEQUENCE: 12
tcggaaagaa atgtcccagg tgga

SEQ ID NO: 13
FEATURE

moltype = DNA length = 24
Location/Qualifiers

migc feature 1..24

note = TNF (alpha) reverse primer
source 1..24

mol type = other DNA

organism = synthetic construct

SEQUENCE: 13
tggaactggt tctccttaca gcca

SEQ ID NO: 14
FEATURE

moltype = DNA length = 18
Location/Qualifiers

misc feature 1..18
note = IL6 forward primer
gource 1..18

mol type = other DNA

organism = synthetic construct

SEQUENCE: 14
actgatgctg gtgacaac

SEQ ID NO: 15
FEATURE

moltype = DNA length = 21
Location/Qualifiers

migc feature 1..21

note = IL6 reverse primer
gource 1..21

mol type = other DNA

organism = synthetic construct

SEQUENCE: 15
ccgacttgtg aagtggtata g

What 1s claimed 1s:

1. A method of treating pain 1n a mammal comprising the
step ol administering human growth hormone to said mam-
mal.

2. The method of claim 1, wherein said mammal 1s
selected from a, a human neonate, a human child, a human
juvenile, a human young adult, or a human adult.

3. The method of claim 1, wherein said pain 1s caused by
inflammation induced mechanical and/or thermal hypersen-
sit1vity.

4. The method of claim 1, wherein said human growth
hormone 1s administered to said mammal 1n an amount
cllective to treat a pain type resulting from one or more
conditions selected from peripheral 1njury pain, post-opera-

tive pain, cutaneous inflammation, cutaneous incision,
muscle incision, or chronic pain.

5. The method of claim 1, wherein said human growth
hormone 1s administered to treat pain associated with a
disease or condition selected from fibromyalgia, sickle cell
anemia, epidermolysis bullosa, erythromelalgia, complex
regional pain syndrome, or generalized muscle pain.

19

24

24
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6. The method of claim 1, wherein said growth hormone
1s administered post-operatively.

7. The method of claim 1, wherein said growth hormone
1s administered at a dose of from about 0.1 mg/kg to about
2.5 mg/kg, or from about 1 mg/kg to about 1.5 mg/kg.

8. The method of claim 1, wheremn said human growth
hormone 1s administered at a time period selected from prior
to an event likely to result 1n pain, at the time of the event
likely to cause pain, or following an event likely to cause
pain, or a combination thereof.

9. The method of claim 1 wherein said administration
occurs prior to said event likely to cause pain, and wherein
said administration occurs at a time period selected from
about one day prior to said event, about two days prior to
said event, or about three days prior to said event.

10. The method of claim 1, wherein said dose 1s admin-

istered systemically, over a period of from 1 to 5 days, or 2
to 3 days, wherein 1 said dose 1s administered 1n a single
day, said dose 1s from about 0.3 mg/kg to about 6 mg/kg.

11. The method of claim 1, wherein said growth hormone
1s administered topically at a dose of from about 0.1 mg/kg
to about 3 mg/kg, or from about 1 mg/kg to about 2 mg/kg.
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12. The method of claim 1, wherein said human growth
hormone 1s administered to the site of cutaneous and/or
muscular inflammation.

13. The method of claim 1, wherein said administration 1s
in an amount that avoids a side effect of human growth
hormone administration selected from weight gain, transient
tevers, hyperglycemia, or combinations thereof.

14. The method of claim 1, wherein said administration of
growth hormone prevents acute to chronic pain transition (a
long term priming effect of an injury during development of
said developing mammal to a subsequent re-injury as a
young adult or adult; administration during a neonatal injury
prevents altered DH neuron development and altered behav-
ioral responsiveness to thermal and mechanical stimuli 1n
adulthood; wherein said growth hormone 1s administered at
a dose of about 1.5 mg/kg at the time of said injury.

15. The method of claim 1, wheremn said developing
mammal does not have a systemic growth hormone defi-
ci1ency.

16. A method of preventing transition from acute to
chronic mflammatory pain 1n a human subject, comprising
the step of adminmistering growth hormone to a subject
immediately prior, during, or after an event likely to cause
pain;

wherein said growth hormone 1s administered to said

human subject at a dose of from about 0.1 mg/kg to
about 3 mg/kg, or from about 1 mg/kg to about 2
mg/kg;
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wherein said human subject 1s a neonate, child, juvenile,
or young adult.

17. A kit comprising a composition comprising human
growth hormone, and means for delivery of the composition
to a human in need thereof.

18. An article of manufacture comprising:
a. a container comprising a label; and

b. a composition comprising growth hormone, wherein
the label 1indicates that the composition 1s to be admin-
istered to a neonate, child, juvenile, or young adult,
having, suspected of having, or at risk for developing,
pain.

19. The article of manufacture according to claim 18,
wherein said pain results from one or more ol cutaneous
inflammation, cutaneous incision, or muscle 1ncision.

20. The article of manufacture of claim 18, wherein said
label further indicates that the composition 1s to be admin-
istered to a neonate, child, juvenile, or young adult during,
after, or prior to an event likely to cause pain resulting from
one or more of cutaneous inflammation, cutaneous 1ncision,
or muscle incision, at a time period selected from at least one
day prior, at least two days prior, or at least three days prior
to said event.
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