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Figure S2 in File S1: NMR spectra for JC analogues.

Figure S3 in File S1: Zebrafish acute toxicity and developmental study data.



Figure 4 in File S1Supplementary Data 4: JC Analogues are not cytotoxic to normal human astrocytes
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Figure 5 in File S1Supplementary Data 5: Time course cell viability data for JC011 (20 mM) treated
BGO1V, H9 & iPS-Foreskin-1
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Figure 6 in File S1Supplementary Data 6: Cell viability data for JC011 (20 mM) treated Hela, HepG2, WI-38 & Keratinocytes
[image: ]

Figure 7 in File S1Supplementary Data 7: Immunomarker FACS analysis of PSC cell surface markers
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Figure 8 in File S1Supplementary Data 8: DTT treatment does not induce ER stress cell death in BGO1V
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Figure 9 in File S1Supplementary Data 9: Surrogate ROS levels in NCCIT following ATF4 and DDIT3 siRNA knockdown
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Figure S10 in File S1: Synthetic Procedure for Analogues JC005, JC011, JC040, JC048-050.




Figure S11 in File S1: Synthetic Procedure for Analogues JC007, JC010 and JC017.
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Supplementary Data 2: NMR Spectra for JC Analogues
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Supplementary Data 3: Zebrafish Acute Toxicity and Developmental Toxicity Study
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1 SUMMARY

This study was aimed to assess acute toxicity (LC50s) of 2 lead compounds JC11 and JC26, and
developmental toxicity of JC11 using zebrafish models. To determine LC50s, zebrafish were exposed
continuously to compound from 2 days post fertilization (dpf) to 5 dpf. Ten concentrations at 0.01, 0.05, 0.1,
0.5, 1, 5, 10, 50, 100, and 500 pM were initially tested. At the end of treatment, total number of dead
zebrafish was used to generate a lethality curve. Based on the lethality curve, LC50s were estimated with the
JMPS8 software (The SAS Institute, Cary, NC). To obtain mean and SD of LC50s, experiments were
performed 3 times. Table 1 summarized the mean + SD of LC50 for JC11 and JC26. The results suggest that
JC26 was more toxic than JC11.

Table 1. Summary of the Mean + SD of LCso

Compound # LCso (M) + SD
IC11 398.9+11.38
IC26 10.7+0.23

In order to assess developmental toxicity of JC11, we first determined maximum non-lethal
concentration (MNLC) of the compound through exposing zebrafish to the compound from 6 hours post
fertilization (hpf) to 5 dpf and found that MNLC of JC11 was approximately 425.8 pM. Twenty zebrafish
were treated at MNLC (425.8 pM) from 6 hpfto 5 dpfto characterize developmental toxicity of JC11. At the
end of treatment, zebrafish were visually assessed using a dissecting microscope. At 425.8 pM (MNLC),
21.1% (4/19) malformation was observed (Table 2). Zebrafish treated with JC11 exhibited accidental
incidence of trunk/tail/notochord, liver and intestine malformation, but statistically not significant (p > 0.05).
These results suggest that JC11 was not teratogenic.

Table 2. Summary of developmental toxicity for JC11.

Compound # % Malformation at MNLC Teratogen in zebrafish ?
JC11 21.1% No
Study Number: GS-AMD-039/01 CONFIDENTIAL Page3 of 14
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2 STUDY MATERIALS
Compounds:

Lead compounds were provided by the Study Sponsor in powder format, 25-30mg for each compound
(Table 3). Each Compound was dissolved as 1 M stock solution in DM SO. Stock solutions were stored at -
200C upon receipt and serially diluted with DM SO before test. Fish water containing 0.1% DM SO was used
as the vehicle control.

Table 3. Lead compounds for assessing toxicity.

Compound # MW Quantity Provided Notes
IC11 279.37 25-30mg novel capsaicin analog
JC26 279.18 25-30mg novel capsaicin analog

3 STUDY PROCEDURES
3.1 Standard procedures for embryo collection

AB strain zebrafish embryos were generated by natural pair-wise mating, as described in the Zebrafish
Handbook (Westerfield 2007). Adult zebrafish were set up for each mating and generally 150-200 embryos
per pair were generated. Embryos were cleaned and sorted by developmental stage at 6 and 24 hpf and
maintained at 280C in fish water (200 mg Instant Ocean Salt per liter, conductivity = 480~510 pS/cm, pH =
6.9~7.2; hardness = 53.7~71.6 mg/L CaCO3). Zebrafish embryos and larvae receive nourishment from

their yolk sac, therefore no feeding is required for the first 8 dpf.
3.2 Compound treatment for acute toxicity

Thirty dechorionated wild-type AB strain zebrafish were distributed into 12-well plates in 3ml fresh
fish water. To determine LC50, zebrafish were treated from 2 dpf'to 5 dpf. Ten concentrations: 0.01, 0.05,
0.1, 0.5, 1, 5, 10, 50, 100 and 500 puM were assessed to estimate LC50. Dead zebrafish were counted and
removed daily. At the end of treatment, total number of dead animals was used to generate a lethality curve
by plotting % lethality vs concentration. Based on lethality curves, LC50s were estimated through logistic
regression with the JMPS8 software. Experiments were performed 3 times to obtain mean and SD of LC50. If
LC50 could not be calculated from the initial test concentration range from 0.01pM to 500 uM, higher or
lower concentrations up to 2000 pM (or up to the concentration permitted by compound solubility) and
down to 0.001pM were tested. Zebrafish treated with 0.1% DMSO were used as vehicle control. Untreated
zebrafish were used to demonstrate vehicle (0.1% DMSO) did not have adverse effect on zebrafish.

3.3 Compound treatment for developmental toxicity
Study Number: GS-AMD-039/01 CONFIDENTIAL Paged of 14
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Thirty chorionated wild-type AB strain zebrafish were exposed to compounds from 6 hpf to 5 dpf. In
order to determine MNLC, 8 concentrations: 0.1, 0.5, 1, 5, 10, 50, 100 and 500 uM were initially tested.
Dead zebrafish were counted and removed daily. At 5 dpf, total number of dead animals was used to generate
alethality curve by plotting % lethality vs concentration. Based on the lethality curve, MNLC were estimated
with the JMP8 software. If MNLC could not be calculated from the initial test concentration range from
0.1pM to 500uM, higher or lower concentrations up to 2000puM (or up to the concentration permitted by
compound solubility) and down to 0.01pM were tested. Zebrafish treated with 0.1% DMSO were used as
vehicle control. Untreated zebrafish were used to demonstrate vehicle (0.1% DMSO) did not have adverse
effect on zebrafish.

3.4 Teratogenicity Determination

Twenty chorionated wild-type AB strain zebrafish were distributed into 6-well plates in 3ml fresh fish
water. To determine developmental toxicity, zebrafish were treated at MNLC from 6 hpf to 5 dpf. Zebrafish
treated with 0.1 pM 9-cis retinoic acid served as positive control and 0.1% DMSO as vehicle control.
Untreated zebrafish were used to demonstrate vehicle (0.1% DMSO) did not have adverse effect on zebrafish.
At the end of treatment, zebrafish were visually assessed using a dissecting microscope following the general
description of malformations described below. A zebrafish exhibiting defects in any end point was considered
abnormal and % abnormal animal for each compound was determined using the following formula: %
abnormal zebrafish = (number of abnormal zebrafish/20) x100%. (1) The number of zebrafish exhibiting
malformation for endpoints (see “General Description of Malformations for Assessing Teratogenicity”
section below) 1-9 at MNLC was counted and compared with vehicle control. Fisher’s exact test was used to
analyze the data; a compound was considered teratogenic when significant difference (p < 0.05) was
observed in compound treated zebrafish. To determine major malformation for a teratogenic compound,
number of zebrafish exhibiting malformation in each endpoint was divided by the total number of abnormal
zebrafish to determine % incidence. An endpoint with the maximum % incidence was considered the major
malformation. (2) If significant difference between control and compound treated zebrafish was not observed,
the number of zebrafish exhibiting malformation for endpoints 10-12 was counted and compared with vehicle
control. Fisher's exact test was used to analyze the data; a compound was considered potentially

developmentally toxic when significant difference (p < 0.05) was observed in compound treated zebrafish.
General Description of Malformations for Assessing Teratogenicity:
1. Heart: Abnormalities include: pericardial edema, absence of two distinct chambers side by side.

2. Brain: Normal brain tissue is transparent; abnormalities include small, misshapen, cloudy white or brown

colored brain.

Study Number: GS-AMD-039/01 CONFIDENTIAL Page 5 of 14
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3. Jaw: Jaw malformation is commonly associated with problems related to bone formation.

Abnormalities include absence of or misshapen jaw.
4. Eye: Frequently observed abnormalities include: small, misshapen eyes or decreased pigmentation in
the eyes.
5. Liver: Abnormalities include: absence of liver, abnormal size, cloudy grey or brown colored liver.
6. Intestine: Abnormalities include: absence of a lumen or folded intestinal epithelium, abnormal size,

cloudy grey or brown colored intestine.

7. Trunk/Tail/Notochord: Abnormalities include: bent or misshapen trunk and tail, which may reflect

problems in muscle or nervous system development such as misshapen notochord.

8. Muscle/Somites: Skeletal muscle structure within the somites normally appears smooth with distinct
'V shaped myotomes. Abnormalities include: defective myotomes or frayed muscle fibers.

9. Body Pigmentation: The larval zebrafish pigment pattern consists of an array of three pigment cell
types: melanophores (black), xanthophores (yellow) and iridophores (iridescent), abnormal pigmentation will

be assessed.

10. Circulation: Abnormalities include: slow or fast circulation and defects in circulatory pattern
(example: circulation only in the head or trunk).
11. Body edema: Body edema is visualized as an accumulation of fluid in the interstitial space

surrounding an organ or tissue which can reflect circulatory or excretory problems.

12. Hemorrhage: Hemorrhage can be caused by blood vessel rupture. Hemorrhage is visualized as a pool
of blood outside vasculature.
3.5 Quality Control Standard

Successful experiments must meet quality control standards below: 1) the number of zebrafish death in
untreated and 0.1% DMSO treated groups were < 10%; 2) there was no statistical difference (p>0.05) in
assessed endpoints between untreated and 0.1% DMSO treated groups; 3) positive control worked, indicating
the assay and experiments were valid.

3.6 Statistics

All statistical analyses were performed using JMP 8.0 statistics software.
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4 RESULTS
4.1 Determination of LCsgs

LCss were determined using a procedure as described in Materials and Methods. Determination of
LCss for compounds JC11 and JC26 included tests in the concentration range from 0.01 uM to 500 puM;
initially at 0.01, 0.05, 0.1, 0.5, 1, 5, 10, 50, 100 and 500 pM; subsequent experiments were performed at
concentrations in a narrower range. Zero to 100% lethality was observed for a range of concentrations tested.
The mortality and the concentrations tested for those experiments used to generate LC50 were shown in
Table 4. For each experiment, a best-fit concentration response curve was generated using JMP statistical
software (The SAS institute, Cary, NC). LCs, was calculated from these curves. Data points were averaged
and mean and SD were shown in Table 5. The mortality in untreated and 0.1% DMSO treated zebrafish was 0

in all experiments.

Tabel 4. Mortality used to calculate LCs.

Compound | Concentration % Mortality
# M) Exp “ilme"‘ # | Experiment#2 | Experiment#3 | Mean+SD
300 0 0 0 0£0.0
350 20 40 20 26.7+£11.5
7L 400 567 467 36.7 46.7£10.0
450 90 76.7 70 78.9+10.2
500 100 100 100 100 £0.0
5 0 0 0 0+0.0
TS 133 33 133 10+5.8
9626 10 267 433 30 333488
125 86.7 66.7 86.7 80+11.5
15 100 100 100 100 £0.0

Tabel 5. LCss for lead compounds.

Compound # Experiment LCss (uM) Mean LCsos (M) SD
Experiment # 1 391.7
cni Experiment #2 3929 398.9 11.38
Experiment #3 412.0
Experiment # 1 10.6
ICc26 Experiment #2 10.9 10.7 0.23
Experiment #3 10.5
Study Number: GS-AMD-039/01 CONFIDENTIAL Page 7 of 14
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Lethality curve for lead compounds were generated by plotting average lethality over treatment
concentrations. The lethality curves were plotted on one graph (Figure 1) in order to compare the toxicity of

two lead compounds. JC26 was lethal at lower concentrations than JC11, suggesting that JC26 was more

toxic than JC11.

1001 =—Jc11
1 |—e—Jc26

80

60+

40

% Mortality

204

T T
10° 10' 10° 10°
Concentrations (uM)

Figure 1. Mortality curves for lead compounds JC11 and JC26.

4.2 Determination of MNLC for JC11

MNLC were determined using a procedure as described in Materials and Methods. Determination of
MNLC for compound JC11 included tests in the concentration range from 0.1uM to 500 pM; initially at 0.1,
0.5, 1, 5, 10, 50, 100 and 500 uM; subsequent experiments were performed at concentrations in a narrower
range. Lethality of 16.7 % was observed in the highest concentration tested (500 pM). The mortality and the
concentrations tested for experiment used to generate MNLC were shown in Table 6. The mortality in

untreated and 0.1% DMSO treated zebrafish was 0 in all experiments.

Tabel 6. Mortality used to calculate MNLC.

Compound # Concentration (uM) % Mortality MNLC (uM)
250 0
300 0
350 0
IC11 425.8
400 0
450 33
500 16.7
Study Number: GS-AMD-039/01 CONFIDENTIAL Page 8 of 14
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4.3 Teratogenicity Determination for JC11

For teratogenicity determination experiment, three controls were used to compare with JC11 treated
zebrafish. Zebrafish treated with 0.1 % DMSO were used as vehicle control. Untreated zebrafish were used to
demonstrate vehicle (0.1% DMSO) did not have adverse effect on zebrafish. The number of zebrafish death
in untreated and vehicle-treated groups were no more than 2 (<10%). Zebrafish treated with 0.1uM 9-cis
retinoic acid served as positive control according to the study design. We changed the concentration of 9-cis
retinoic acid from 0.1yM to 0.01pM (optimum concentration for 9-cis retinoic acid to induce obvious
developmental toxicity without significant lethality) because 100% lethality was observed in 0.1uM 9-cis
retinoic acid treated zebrafish. Zebrafish treated with 0.01pM 9-cis retinoic acid resulted in 95% (19/20)
zebrafish malformation (Table 7). Zebrafish treated with 9-cis retinoic acid exhibited many of the teratogenic
endpoints as described above, including pericardial edema, absence of two distinct chambers side by side,
jaw malformation, eyes malformation, liver malformation, intestine malformation, tail malformation, muscle

malformation, no circulation, body edema (Figure 2F, K).

Zebrafish were treated at 425.8 pM (MNLC) to determine developmental toxicity of JC11. At 425.8 pM,
5% (1/20) mortality was observed (Table 7). Zebrafish exhibited 21.1% (4/19) malformation (Table 7). Most
zebrafish treated with JC11 showed normal morphology (Figure 2C, I). A small percentage of zebrafish
treated with JC11 had malformation. The malformation observed included tail malformation (15.8%) (Figure
2D, E, arrow, Appendix 1), liver malformation (abnormal size and brown colored liver) (15.8%) (Figure 2E, I,
red circle, Appendix 1), intestine malformation (abnormal size) (5.3%) (Figure 2E, yellow line, Appendix 1)
and curved zebrafish (5.3%, Figure E). No other organ/tissue malformation was observed.

The number of zebrafish exhibiting malformation treated with JC11 at MNLC (425.8 pM) for endpoints
1-9 and 10-12 was compared with vehicle control using Fisher’s exact test and the statistical analysis

indicated that JC11 was not teratogenic (p > 0.05).

Table 7. Mortality and malformation incidence in zebrafish treated with JC11

Compound # | Concentration | o4 Mortality | % Malformation
M)
Untreated 0 0 0
DMSO 0.1% 0 0
9-cis retinoic
; 0.01 0 95
acid
icit 4258 5 21.1
Study Number: GS-AMD-039/01 CONFIDENTIAL Page9 of 14
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Figure 2. Untreated zebrafish (A, G) and zebrafish treated with DMSO (B, H), JC11 (C, D, E,I and J)and 9-

cis retinoic acid (F, K). DMSO treated zebrafish appeared morphologically similar to untreated zebrafish.

Most zebrafish treated with JC11 showed normal morphology (C, I) .A small percentage of zebrafish treated

with JC11 had tail malformation (D, E, arrow), liver malformation (E, J, red circle) and intestinal

malformation (E, yellow line). In= intestine, L=liver, T=trunk/tail.

5 DISCUSSION AND CONCLUSION

1. In this study, we assessed toxicity (LC50s) of 2 lead compounds JC11 and JC26 using zebrafish model. All

the experiments performed were in accordance with the following quality control standards: 1) the number

of zebrafish death in untreated and vehicle-treated groups were < 10%; 2) there was no statistical difference

(p>0.05) in assessed endpoints between untreated and vehicle-treated groups; and 3) positive control

(0.01uM 9-cis retinoic acid) worked; indicating the assay and experiments were valid.
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2. To assess acute toxicity for JC11 and JC26, 2 dpf zebrafish were treated for 72 hrs to determine LC50s. We
found that mean + SD of LC50 for JC11 was 398.9 pM =+ 11.38 and 10.7 pM + 0.23 for JC26. JC26 was

more toxic than JC11.

3. Zebrafish were treated with JC11 at MNLC from 6 hpf to 120 hpf (5dpf) to assess developmental toxicity.
JC11 could accidentally induce zebrafish trunk/tail/notochord malformation, liver malformation and
intestine malformation, but without statistical significance as compared with vehicle control (p > 0.05).
These results suggested that JC11 might be not a teratogenic compound.

4. In addition, compound precipitation was observed at 500 pM for JC26, but not for JC11, demonstrating that
JC11 had a better solubility in fish water than JC26.

6 RECORD TO BE MAINTAINED

All study related record (paper and electronic) will be stored at Genscript for at least 5 years after study
report signed date.
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APPENDIX

Appendix 1. Percentage of zebrafish exhibiting a defect for each point for JC11

Compound Untreated DMSO JC11
Concentration (M) 0 0.1% 425.8
abnormal size 0 0 53
Liver
brown colored 0 0 15.8
Intestine Malformation 0 0 53
Trunk/'l'aiI/Not_ochord 0 0 15.8
Malformation

Study Number: GS-AMD-039/01 CONFIDENTIAL Page 12 of 12
860 Centennial Ave., Piscataway, NJ 08854, USA
Tel: 1-732-885-9188 Fax: 1-732-210-0262 Email; info@genscript.com Web: www.genscript.com




image28.tiff




image29.tiff
% Cell Death

Effectsof JC 10, 11 & 17 on Astrocytes

100
20
50
70
50
50
20
20
20

10




image30.png




image31.png
% Cell Death

Effectsof JC 10, 11 & 17 on Astrocytes

100
20
50
70
50
50
20
20
20

10




image30.jpg
(unnzesay) Aaigern 93 %

Time (hrs)




image31.jpg
100 T T

70

60 mUntreated

s
=

s0

oico11

0

20

10

Hela HepG2 wi3s Human Keratinocytes




image32.jpg
100

%0

50

70

EY

s0

a0

0

20

10

mB8G01Y
oH
miPS-Foreskin

Tra-160

SSEAG





image33.jpg
110%

100%

s0%

50%

70%

50%

2
5
3
=®

s0%

a0%

0%

20%

10%

o%

Untreated control Jco11




image34.jpg
NT control (204M 1C011)

ATF2 Knockdown (204M JCO11)

DDITS Knockdown (20uM JCO11)

B Untrested control

W 00173 Knockdown





image35.emf
NH

2.

HX

RO

Cl

O

+

R = H or CH

3

X = Cl or Br

N

RO

DIPEA

an. DMF

r.t., 6-24 h

H

O

n

n

n = 7-10, 12



image36.emf
+

NH

2.

HX

RO

R = H or CH

3

X = Cl or Br

N

an. solvent

r.t., 6-24 h

H

N

RO

H

N

O

C

O

n = 5 or 7

n

DIPEA

n



image1.jpg
A New Class of Pluripotent Stem Cell-Specific Cytotoxic Small Molecules

Mark Richards"??, Chee Wee Phoon'?, Gwendoline Tze Wei Goh*, Eng Khuan Seng3, Xu

Ming Guo®, Cherine Mei Fong Tan®, Woon-Khiong Chan®*, Joel Mun Kin Lee®

Supplementary Material




image2.jpg
Supplementary Data 1: Table of LC-MS Data for JC Analogues

Compound Structure Molecular Exact Mass Exact Mass
Weight
(calculated) (observed)
JC005 H 2934 294.2069 294.2055
NT]/\/W\ [M+H] [M+H]
(0]
OH
OCHg3
JC007 H H 308.4 309.2178 309.2170
NN~~~ [M+H]' [M+H]'
(6}
OH
OCH3;
JCo10 H H 294.39 295.2022 295.2011
NN~~~ [M+H] (M+H]'
O
OH
OH
JCo11 H 279.37 280.1913 280.1905
NTI/\/\/\/\ [M+H] [M+H]
(0]
OH
OH
JCo17 H H 266.16 267.1709 267.1704
N N A~~~ [M+H]" [M+H]"
e}
OH
OH
JC040 H 293.20 2942064 294.2059
NT(W\/\/ [M+H]* [M+H]
(0]
OH
OH





