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Abstract

Background: We have demonstrated the efficacy of a recombinant, bioengineered,
hair growth factor formulation (QR 678), in causing hair regrowth in humans. We now
demonstrate safety analysis of QR 678 formulation, using an in vitro cytotoxicity
assay. We also evaluate the efficacy of hair growth, using intradermal injections, into

animal skin.

Objective: The objective of this study was to assess the in vitro safety & in vivo

efficacy of the QR 678 formulation.

Material & method:

The formulation contains Vascular Endothelial Growth Factor (VEGF), Basic
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Fibroblast Growth Factor (bFGF), Insulin like Growth Factor-1 (IGF-1), Keratinocyte
Growth Factor (KGF), Thymosin B4 & Copper tripeptide 1, suspended in a sterile
injectable vehicle.

The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay was
employed to explore the cytotoxic effects of each factor used in the composition, in
Human keratinocyte Cell & human fibroblast cell assay.

In vivo analysis, wherein study animals were given intradermal QR 678 injections,
were conducted, to assess if the formulation produces hair growth. Intradermal

injections with cytosine arabinoside, were also used to evaluate the growth.

Results: A positive response was observed with respect to the number of mice
exhibiting hair growth at the injection sites. The injections caused retention of hair in
a 0.25 cm radius around the injection site, in animals on treatment with the

chemotherapeutic agent.

Conclusion: Intra-dermal injections of QR 678 hair growth factor formulation is safe
& efficacious option for alopecia. Results seem encouraging enough to warrant a trial

in human patients with secondary alopecia, post cancer chemotherapy.

Introduction:
The most common cause of baldness or hair loss (95%) is Androgenetic alopecia.t

The current surgical, medical and cosmetic interventions are limited in approach &



success.> There are several growth factors which have been found to stimulate or
inhibit different stages in the hair growth cycle. Various growth factors studied for hair
follicle growth are vascular endothelial growth factor (VEGF) 2, epidermal growth
factor (EGF), Insulin 1-like growth factor (IGF), Fibroblast growth factor (FGF) 3,
Wingless-related integration site (Wnt), noggin, Keratinocyte Growth Factor, Copper
Tripeptides, and more. These growth factors can be safe, cheap, & non-allergenic
tools, in the management of alopecia. %> ©

We have prepared a bioengineered, recombinant formulation, consisting of a
combination of growth factors, called the QR 678 hair growth factor formulation. A
QR Code is a code used in medicine derived from “Quick Response”. 678 in Morse
Code signifies “there is no answer”. This formulation has been named QR 678 to
signify a “Quick Response to a disease which earlier had no answer” i.e. to Alopecia.
This is administered intradermally into the scalp skin and is capable of preventing hair
loss and stimulating hair growth. The first in human trial to prove its safety and
efficacy demonstrated significant reduction in hair fall in 83% patients, on hair pull
test. Videomicroscopic image evaluation showed that most patients had a decrease in
the number of vellus hairs, increase in number of terminal hairs and increase in shaft
diameter. 75% patients believed that the hair injections were aiding the treatment of
their hair loss, and it was also beneficial in post-hair transplant patients. At one year, a
statistically significant increase in total hair count (P=0.002) continued to be seen. The
treatment was well tolerated. 78

Before conducting this pilot human study, the formulation was tested on cellular

assays and animal models to establish the optimum concentration of the multiple



growth factors, it’s safety & the efficacy. And the current article is based on the same
animal study mentioned above.
Reported therapeutically acceptable ranges of the growth factors used are as below:

i.  Vascular endothelial growth factor (Human oligopeptide-11) — 0.01mg/L —

100mg/L

ii. Basic fibroblast growth factor (Human oligopeptide-3) — 0.01mg/L — 100

mg/L
iii. Insulin like growth factor (Human oligopeptide-2) - 0.01mg/L — 100mg/L
iv. Copper tripeptide 1 — 0.1mg/L — 500 mg/L
v. Keratinocyte growth factor — 0.01mg/L — 100 mg/L
vi. Thymosin 34 — 0.005mg/L — 100 mg/L
Materials and Methods

I) Determination of the cytotoxic effects of the individual growth factors to

determine safe levels.

Method : The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT)
assay ° was employed to explore the cytotoxic effects of each of the growth factors
used in the composition, in Human keratinocyte Cell and Human fibroblast cell.

1) Preparation & physicochemical characterization of the growth factor

formulation

In a preferred embodiment, the growth factor formulations included the growth factors



in the concentrations, as given in in Table 2, additionally along with vitamins,
minerals, nucleic acids and amino acids, diluents and/or carriers along with
pharmaceutically acceptable diluents &/or carriers.

The formulations as described were formulated for intradermal injection to the
treatment area. Suitable vehicles for injection include, but are not limited to saline and
distilled water.

Preparation of the formulation:

Adequate concentrations of VEGF, Basic FGF, IGF-1, Copper tripeptide 1, KGF and
Thymosin B4 additionally with pharmaceutically/cosmetically acceptable and
appropriate dose of vitamins, minerals, amino acids and nucleic acids were added to 1
litre of distilled water, to yield the concentrations of the solutions as shown in table 2.
The formulation was then biologically sterilized and bottled into vials of 5 millilitre
each. The formulation was stable at all concentrations of growth factors and could be

stored at room temperature (below 25°C).

In vivo Study Arm 1: Stimulation of hair growth by representative growth factors
& biomimetic peptides in mammals

Method: The following study arm evaluated stimulation of hair growth in warm
blooded animals, after intradermal injection of representative growth factors and
peptides of the formulation.

In this experiment, C3H mice were divided into 5 groups. The backs of the C3H mice,
(60 days old, telogen hair growth phase) were closely clipped on day 1, with an

electric clipper. A sterile solution of the chosen formulation concentration was then



injected intradermally (i.e.: infiltrated within the skin) at 2 locations within the clipped
areas of the mice. Injection at 2 locations provided 2 test locations within the clipped
area of each mouse. Each injection (0.1 ml) contained different proportions of IGF 1,
VEGF, bFGF, KGF, Thymosin 4 and copper tripeptide-1, in distilled water, labeled
as solutions 1 through 4. A group of saline injected mice (0.1 ml) served as controls.

(Table 2)

In vivo Study Arm 2: hair follicle viability by intradermal injection of the
pharmaceutical composition in secondary alopecia

Method: The following study arm evaluated maintenance of hair follicle viability by
intradermal injection of the pharmaceutical composition in secondary alopecia.

The following experiment illustrated the localized maintenance of hair follicle
viability (growth) by intradermal (local) injection of the pharmaceutical composition
during treatment with chemotherapeutic agent cytosine arabinoside (Ara-C).

In this experiment, Sprague Dawley rat pups aged 8 days were maintained in 5 litters
(n=10-12 per litter) for the duration of the study. On day O, the litters received
intradermal injection of the pharmaceutical composition in distilled water (solutions
1/2/3 or 4 as described in the example 3), or a saline control (1 injection per animal,
0.05 ml per injection). Each litter contained 2 normal control animals which received
neither the pharmaceutical composition nor Ara-C, they received saline injection only.
On day 1, the designated animals began a series of 7 consecutive daily intrapertioneal
injections of Ara-C 25mg/kg. On day 10, all animals were evaluated for the extent of
hair loss at the injection sites. Using the rating identified as below:

Grade Degree of alopecia




0 normal (no loss of hair)

1 slight thinning

2 moderate thinning
3 sparse hair cover
4 total loss of hair.
Results:

I) Determination of the cytotoxic effects of the individual growth factors to

determine safe levels.

i) Invitro, human keratinocyte cell (graph 1) as well as human fibroblast cell (graph
2) : bFGF is SAFE (No Cellular Toxicity) up to tested 10ppm (pg/ml)
- Reported oral toxicity, Rat : LD50 > 10,000 mg/kg.

ii) In vitro, human keratinocyte cell (graph 3) & human fibroblast cell (graph
4) IGF-1 is SAFE (No Cellular Toxicity) up to tested 10ppm (png/ml) - Reported
oral toxicity, Rat : LD50 > 10,000 mg/kg.

iii)In vitro, human keratinocyte cell (graph 5) & human fibroblast cell (graph 6) :
KGF is SAFE (No Cellular Toxicity) up to tested 10ppm (ug/ml) - Reported oral
toxicity, Rat : LD50 > 10,000 mg/Kkg.

iv)In vitro, human keratinocyte cell (graph 7) & human fibroblast cell (graph 8) :
VEGF is SAFE (No Cellular Toxicity) up to tested 10ppm (ug/ml) - Reported
oral toxicity, Rat : LD50 > 10,000 mg/kg.

v) In vitro, human keratinocyte cell (graph 9) & human fibroblast cell: (graph 10)



Thymosin-B4 is SAFE (No Cellular Toxicity) up to tested 10ppm (ug/ml) -
Reported oral toxicity, Rat : LD50 > 10,000 mg/kg.

vi)In vitro, human keratinocyte cell (graph 11) & human fibroblast cell (graph 12):
Copper Tripeptide 1 is SAFE (No Cellular Toxicity) up to tested 10,000ppm (pg/ml)
- Reported oral toxicity, Rat : LD50 > 10,000 mg/kg

vii) Toxicity data of the growth factors used in the composition is seen in Table 1

In vivo Study Arm 1: Stimulation of hair growth by representative growth factors
& biomimetic peptides in mammals

With injection of the above intradermal pharmaceutical formulation, indications of
hair growth were seen within 10 days. The first visual signs were darkening of the
skin in a circular region surrounding the injection site. The size of this region was
generally dose dependent, increasing with an increase in dose of the growth factors, to
a certain extent. The 0.1 ml injections used in this experiment produced a circle of hair
growth measuring approximately 0.5 cm? to 5 cm? in diameter. Active hair growth
occurred between 14-20 days of the injection, with a maximum density seen on day
30. Both the number of mice growing hair at the injection site & the diameter of hair
growth region were determined on day 21. A positive response was observed with
respect to the number of mice exhibiting hair growth at the injection sites, compared
to the total number of mice injected in the study. The results of this experiment are
presented in Table 3 (The day of onset is the day at which hair follicle pigmentation
was first observed).

Solution 3 comprising 0.0002 mg/0.1 ml of IGF1, 0.0002 mg of bFGF, 0.0005 mg of



VEGF and 0.0001 mg of KGF, 0.001 mg of copper tripeptide and 1x10° mg of
Thymosin 4 within distilled water gave the best response. Increase in concentration
of the ingredients beyond that in solution 4 did not give any significant benefit in
terms of number of mice growing hair or the diameter of hair growth region. None of
the mice in the group injected with solution 5, died or showed any other signs of
clinical or cellular toxicity. This proved the safety of the composition, even with very

high doses of the growth factors.

In vivo Study Arm 2: hair follicle viability by intradermal injection of the

pharmaceutical composition in secondary alopecia

Ara-C injections caused significant hair loss by day 5-6 in most animals. In order to
evaluate the stimulatory effects of the intradermal QR678 formulation, the degree of
hair loss was evaluated at the injected site daily. Injections generally caused retention
of hair in a 0.25 cm radius around the injection site, most notably in the solution 3
group.

Table 4 presents the results as evaluated on day 10 using the previously described
rating scale, with the degree of alopecia being expressed as the average response seen

at the site of injection.

The observation of retained hair within the area of injection was examined
histologically. While normal appearing & functional anagen hair follicles were
observed at the site of injection of the hair formulation, follicles located away from

the injection were dystrophic & nonfunctional (disruption of the integrity of inner and



outer root sheaths, & disrupted hair shafts). This data confirmed the gross observation
of normal hair follicular function within the site of QR678 injections, & illustrated the
stimulatory effect of the intradermal injections on hair follicles, which maintains the

active hair growth cycle during chemotherapy treatment.

Discussion

Hair growth factors, when used in combination, have been shown to have a synergistic
impact on human hair growth.” Herein, we publish the results of the pre-clinical data
on file, demonstrating the safety & efficacy of the hair formulation, which we call the
QR 678 hair growth factor injections.

To evaluate safety, the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide
(MTT) assay ® was employed to explore the cytotoxic effects of each of the growth
factors used in the composition, in Human keratinocyte Cell and human fibroblast cell.
All the tested individual growth factors were extremely safe, with no cellular toxicity
being demonstrated at high concentrations. IGF 1, VEGF, bFGF, KGF & Thymosin 4
is safe, with no cellular toxicity up to tested 10ppm. Copper tripepetide was safe, with
no cellular toxicity up to tested 10000 ppm.

To evaluate efficacy, we evaluated the stimulation of hair growth in C3H, after
intradermal injection of various concentrations of the growth factors & peptides of the
formulation. Solution 3 comprising 0.0002 mg/0.1 ml of IGF1, 0.0002 mg of bFGF,
0.0005 mg of VEGF, 0.0001 mg of KGF, 0.001 mg of copper tripeptide and 1x10®mg
of Thymosin B4, within distilled water, gave the best response. Increase in

concentration of the ingredients beyond that in solution 4, did not give any significant



benefit in terms of number of mice growing hair or the diameter of hair growth region.
None of the mice in the group injected with solution 5, died or showed any other signs
of clinical or cellular toxicity. This proved the safety of the composition, even with
very high doses of the growth factors. This formulation used in solution 3 was called
the QR 678 hair growth factor formulation (table 3) & the was used in the human trial
subsequently.’

Efficacy was further evaluated in another study arm, which evaluated maintenance of
hair follicle viability by intradermal injection of the QR 678 formulation, in secondary
alopecia. This experiment illustrated the localized maintenance of hair follicle
viability (growth) by intradermal QR 678 formulation injections, during treatment
with chemotherapeutic agent cytosine arabinoside (Ara-C). Injections generally
caused retention of hair in a 0.25 cm radius around the injection site, most notably in
the solution 3 group. The observation of retained hair within the area of injection was
examined histologically. While normal appearing & functional anagen hair follicles
were observed at the site of injection of the QR 678 hair formulation, follicles located
away from the injection were dystrophic & nonfunctional (disruption of the integrity
of inner and outer root sheaths, & disrupted hair shafts). This data confirmed the gross
observation of normal hair follicular function within the site of QR678 injections, &
illustrated the stimulatory effect of the intradermal injections on hair follicle, which
resulted in maintainance of the active hair growth cycle during chemotherapy
treatment.

VEGF, essential for angiogenesis & vascular permeability, may be responsible for

maintaining proper vasculature around the hair follicle, during the anagen growth



phase. 1% KGF is highly capable of counteracting chemotherapy induced alopecia &

it is one of the components of our formulation. *2

IGF-I is critically involved in
promoting hair growth by regulating cellular proliferation & migration during the
development of hair follicles. IGF-I has been reported to prevent the follicle from
developing catagen- like status. 34 1> Thymosin B4 promotes hair growth in various
rat & mice models, including a transgenic thymosin B 4 overexpressing mouse, by
influencing follicle stem cell growth, migration, differentiation, & protease production.
6 The bFGF has been found to promote hair growth by inducing the anagen phase in
resting hair follicles & has been considered to be a potential hair-growth promoting
agent. 17 The effects of L alanyl L histidyl L lysine Cu2+ (AHK-Cu) copper tripeptide

on human hair growth ex vivo & cultured dermal papilla cells was investigated &

shown to promote the growth of human hair follicles. 8

In summary, we publish the results of the pre-clinical data on file, demonstrating the
safety & efficacy of intrdermal QR 678 hair growth factor injections. The findings of
cellular assays & animal studies suggest that this QR 678 formulation is safe &
efficacious in treating hair loss in mammals. The results seem encouraging enough to

warrant a trial in human patients with secondary alopecia, post cancer chemotherapy.
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Table Captions:

1) Toxicity data of the growth factors used in the formulations.

2) Solutions with varied concentrations of growth factors injected in mice in in
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vivo study 1.

3) Hair growth response seen in mice in in vivo study 1.

4) Localized maintenance of hair follicle viability (growth) by intradermal (local)
injection of the invented composition during treatment with chemotherapeutic

agent cytosine arabinoside (Ara-C), as evaluated on day 10 of injection.

Graph Legends:

1) Cytotoxic effect of bFGF on Human keratinocyte cells in vitro

2) Cytotoxic effect of bFGF on Human fibroblast cells in vitro

3) Cytotoxic effect of IGF-1 on Human keratinocyte cells in vitro

4) Cytotoxic effect of IGF-1 on Human fibroblast cells in vitro

5) Cytotoxic effect of KGF on Human keratinocyte cells in vitro

6) Cytotoxic effect of KGF on Human fibroblast cell in vitro

7) Cytotoxic effect of VeGF on Human keratinocyte cells in vitro

8) Cytotoxic effect of VeGF on Human fibroblast cell in vitro

9) Cytotoxic effect of Thymosin B4 on Human keratinocyte cells in vitro
10) Cytotoxic effect of Thymosin B4 on Human fibroblast cells in vitro
11) Cytotoxic effect of Cu GHK on Human keratinocyte cells in vitro

12) Cytotoxic effect of Cu- GHK on Human fibroblast cells in vitro

Graph 1)



200

180

160
140 +

control)

« 120
100

80

60

Cell viability (% o

40

20

control 5 pg/ml 10 pg/ml .
Concentration (ug/ml) bFGF 10 pg/ml treated

250

200

150 +

100

Cell viability (% of control)

o
o

control 5 pug/ml 10 ug/ml
Concentration (ug/ml) bFGF 10 pg/ml treated



Graph 3)

200 +

150

Control (untreated)

100 +——

Cell viability (% of control)

0 —

control 5 ug/ml 10 ug/mi
Concentration (ug/ml) IGF-1 10 pg/ml treated

Graph 4)

180

160

140

120

100 1
80 +
60 1

Cell viability (% of control)

40
20 1

control 5 pug/ml 10 pg/ml
Concentration (pg/ml) IGF-1 10 pg/ml treated




Graph 5)

250

n
o
o

wm
o

100

Cell viability (% of control)

wm
o

control 5 yg/ml 10 pg/ml
Concentration (ug/ml)

KGF 10 pg/ml treated

Graph 6)

180

Cell viability (% of control)

control 5 ug/ml 10 pg/ml
Concentration (ug/ml)

KGF 10 pg/ml treated




Graph 7)

180

160

140

120

o
o

80

60

Cell viability (% of control)

40 +

20

control 5 pg/ml 10 pg/ml
Concentration (ug/ml)

VEGFA 10 pg/ml treated

Graph 8)

180

160

140

120

Control (untreated)

Cell viability (% of control)

control 5 pg/ml 10 pg/ml
Concentration (ug/ml) VEGPATL0 igimbirsated



Graph 9)
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Toxicity data Reference
EDs0; £10.0 ng/ml using mouse Balb/3T3 cells. Ref. 1 (IGF-1)
IGF-1
Endotoxin Level: Ref. 1.2 (IGF-1)
<0.10 EU per 1 pg of the protein by the LAL method.
Rat, Oral, LD50 : 400mg/kg
Mouse, intramuscular, LD530: 108mg/kg.
Effect ; Behavioural : convulsions or effect on seizure Ref. 2 (bFGF)
bFGE threshaold.
Mouse intraperitoneal, LD50 © 154mg/kg.
Endotoxin Level: <010 EU per 1 pg of the protein by the Ref 2-1 (bFGF)
LAL method.
KGF Endotoxin Level - <0.10 EU per 1 pg of the protein by the Ref. 3 (KGF)
LAL method.
VEGFA Endotoxin Level: <0.01 EU per 1 ug of the protein by the Ref. 4 (VEGFA)
LAL method. Ref. 4-1 (VEGFA)
Ref. 5 (TMSBE4)
TMSB4 Endotoxin Level: < 0.1 ng/pg of protein (<1EU/ug). ' :
Vel < b nglHg ot p (<1EU/g) Ref 5-1 (TMSBA)
y Endotoxin Level: <010 EU per 1 ug of the protein by the . .
Wl Ref. 6 (N )]
eggin LAL method. i tegginy
Acute toxicity | LDS0 meuse (LP) :=160mg/kg,
Copper Tripeptide-1 (I1V.)=110-120mg/kg Ref. 7 (Noggin)
Rat({l\V)=75mag/kg, Rat(oral)=150mag. kg

Table 2:1mg/L means 1 ppm

VEGF
(mg/L)

bFGF
(mg/L)

IGF -1
(mg/L)

Cu
tripeptide
1 (mg/L)

KGF
(mg/L)

Thymosin
p4 (mg/L)

Solution 1 0.01

0.1

0.01

0.005

Solution 2 2 1 1

5

0.5

0.001

Solution 3 5 2 2

10

0.01

Solution 4 15 5 5

30

0.1

Solution 5 50 20 20

100

10

1




Table 3:

Composition Number of Day of onset | Area of hair growth
animals growing around
hair the injection site
Solution 1 2/5 10 < 1 cm diameter
Solution 2 3/5 10 > 1 cm diameter
Solution 3 5/5 10 > 1 cm diameter
Solution 4 4/5 10 > 1 cm diameter
Solution 5 4/5 10 >1cm diameter
Solution 6(saline 0 NA NA
control)
Table 4:
Composition n= Degree of alopecia (mean)
Saline only 8 0.0
Saline + Ara-C 8 4.0
Solution 1 + Ara-C 8 3.25
Solution 2 + Ara-C 8 2.38
Solution 3 + Ara-C 9 1.44
Solution 4 + Ara-C 9 1.11




