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stem cells.

Totipotent: Able to
differentiate into all cell
types, such as zygotes,
formed at egg fertilization
and first few divisions
thereafter, can produce
entire organism.

Pluripotent: Able to
differentiate into most cell
types, such as embryonic
stem cells and those
formed in early embryonic
cell differentiation.

Multipotent: Able to
differentiate into closely
related family of cells, such
as hematopoietic adult
stem cells that become red
or white blood cells or
platelets.

Oligopotent: Able to
differentiate into a few
cells, such as adult
lymphoid or myeloid stem
cells.

Unipotent: Able to
reproduce only their own
type of cell or to self-renew,
such as adult muscle stem
cells.

Total estimated cells in
human body: 37 trillion
(37,000,000,000,000)

Neural stem cells:
Differentiate into nerve
cells (neurons), astrocytes
and oligodendrocytes.

Transdifferentiation:
Reprogramming stem cells
to produce cell types not of
the stem cells’ lineage,
such as neural stem cells
differentiating into muscle
cells.

Induced pluripotent stem
cell: Adult cells genetically
reprogrammed to resemble
embryonic stem cells by
being forced to express
particular genes or factors.
First created in 2007 in
humans, useful for drug
development, disease
modeling and
transplantation. Viruses
used to introduce
reprogramming factors into
adult cells.

Countries that distribute XCell
Science products

Belgium, Luxembourg and
Netherlands: Sanbio

Denmark, Finland, France,
Germany, Italy, Norway,
Spain and Sweden: tebu-bio

Japan: Veritas Corp.

Commonly mutated genes
implicated in Parkinson’s

Novato startup fights Parkinson's with stem cells | North Bay Business Journal

expression, speech impairment, and loss of balance and coordination.
There is no cure yet, but Zeng’s work holds huge promise.

About six years ago, Zeng founded XCell Science, a Novato-based
company that sells nearly 80 products including 20 engineered lines of
induced pluripotent stem cells, neural cells, and models to promote gene-
editing research on diseases of the central nervous system: Parkinson’s,
Alzheimer’s, amyotrophic lateral sclerosis, Huntington’s Disease,
schizophrenia and autism.
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XCell Science, which has six employees in addition to Zeng, also does
gene cloning, toxicity screening, drug testing and contract research. The
company is funded with private money, Zeng said in an interview with the
Business Journal. She avoided venture capital investors because they
usually exert major control over a startup company’s growth and focus. “I
was very uncomfortable — if they tell me that another area is hotter,” she
said, VC funds could jump to another venture.

“It’s a company based on technology developed in my lab,” Zeng said of
XCell. “I just got a small-business-innovation grant” from the National
Institutes of Health, awarded on March 1. “That provided $1.5 million.”
She brings scientific direction for the company “and business strategy,” as
well as “executive decisions,” she said. “I don’t run daily operations. I
make sure they have enough business.”

She recruited an executive who worked for a large biotech company to
take the reins of XCell at the end of the summer. Zeng won’t disclose his
name.

“Eventually my goal is to develop and sell therapy,” Zeng said. “That’s
why I spun out the company. It needs to have a commercial entity.” The
Buck Institute is an academic institution. XCell was one of the first
private companies to emerge there.
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Hundreds of laboratories in the United States and worldwide study
Parkinson’s disease and other diseases of aging, and these laboratories
are potential customers for products developed at XCell Science, which
has distributors in Europe and Japan. A one-milliliter vial of induced
pluripotent stem cells costs an estimated $5,000. Pluripotent stem cells
can differentiate into nearly any type of human tissue, including
dopamine-producing neurons lost in Parkinson’s.

The brain has roughly 100 billion neurons, but only about 20,000 make
dopamine. Those cells are located in the midbrain —the substantia nigra
and ventral tegmental areas.

“The first time I was given two frozen vials of embryonic stem cells,” Zeng
said, “each vial cost $5,000. My boss said, grow them.”

That was 10 years ago. Her experience evoked the entrepreneurial urges
that led to XCell Science. “Now look at my lab,” Zeng said. “We grow
these cells routinely.”
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The potential market for treating Parkinson’s patients is enormous.
Prescription drugs and other treatment cost an estimated $20,000 per
Parkinson’s patient per year, according to a 2012 study by the National
Institutes of Health. With a million patients in the U.S., total annual
treatment is about $20 billion a year. Worldwide, with 7 million patients,
the market could hit $140 billion a year.
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SNCA, PARK2, LRRK2 and So far, the best-selling products at XCell are neural cells, according to
GBA Ying Pei, associate director of research and development at XCell Science.
She previously worked as a post-doctoral researcher at the Buck Institute.
More Photos XCell also produces the medium in which to grow cells — another popular

product. “We also sell them as a kit,” Pei said.

Neurons and astrocytes are sold in one-milliliter vials, Pei said, each
priced at about $500. Astrocytes —star-shaped cells — are non-neuronal
glial cells that surround neurons and are derived from stem cells.
Astrocytes are essential to the central nervous system, providing structure
and support for neurons, and in healing brain injuries.

“We guarantee one million live cells per vial,” Pei said. “When we are
freezing down cells, we do very small volume. When you sort them out,
you don’t want the time to be too long,” she said. “That will kill the cells.”

Induced pluripotent stem-cell lines are “much more expensive,” Pei said,

Enlarge

several thousand dollars per vial, and are ordered by labs researching
2 ‘7‘ 3 diseases such as Parkinson’s. “A lot of customers are also interested in the
) neuronal products of these lines,” Pei said. “Instead of getting the iPSC
and doing the experiments themselves, they’d rather buy the product. A
lot of these are linked to Alzheimer’s or Parkinson’s.” Two or three

&

employees work in production for XCell Science.

SINGLE GENE MUTATION

Zeng acquired cells donated from Parkinson’s patients with a form of the
disease caused by a single gene mutation then derived 10 induced
pluripotent stem-cell lines. “This is the largest collection of patient-
derived lines generated at an academic institute,” she said. Eight of the 10
patient lines were able to generate neural stem cells; all the neural stem-
cell lines could be coaxed into dopaminergic neurons. She has studied
Parkinson’s for about 15 years, including 11 years at the Buck Institute.

Overall gene expression patterns in healthy cell lines resembled those in
diseased cell lines, Zeng said. Her team stressed cells by treating them
with MPTP, a drug that causes Parkinson’s-like symptoms in people.
MPTP caused changes in gene expression related to mitochondrial
function and cell death. Mitochondria are organelles that produce energy,
and are found in most cells.

Enlarge

PARKINSON'S IN A DISH

Because Parkinson’s is complex, research is needed with additional
patient lines. Zeng’s work can “enable researchers to model Parkinson’s
disease in a dish,” said Brian Kennedy, Buck Institute’s CEO, and “dissect
how genes interact with each other to cause Parkinson’s.”

Zeng’s research at the Buck Institute garnered grants totaling $12.4
million from California Institute for Regenerative Medicine, starting in
2007, and including a $5 million grant for Parkinson’s research awarded
in 2016, entitled: “Banking transplant-ready dopaminergic neurons using
a scalable process.”

California’s stem-cell agency, founded in 2004 by passage of Proposition
71, channels $3 billion in public funds in California to support stem-cell
research. Litigation to challenge Prop. 71 ended in 2007 when the
Supreme Court of California upheld lower-court decisions permitting
funding of stem-cell research.

“Human pluripotent stem cells may offer a potentially unlimited source of
the right kind of cell required for cell-replacement therapy,” said Zeng,
who earned a Ph.D. in molecular biology in Denmark. “We have
optimized a step-wise scalable process for generating authentic
dopaminergic neurons in defined media from human pluripotent stem
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FH®Y DQG KDYHGHM.P LOHS WHWP HSROQADAZ KLEK GRSDP LOHUILE QHXURQY
FDQEHIUR HQ \KISSHG WY HG DQG WDQVSMQWS Z IWRXWARP SURP IMQJ
WHUDELOW \RP DXH™ \KH\OLG

3, Z DOWR GHYHRS DKXP DQP RGHOX VWP \RVYG. GHYHRSP HQEO
QHXREIRBRI\ * =HY VDG 37 KHEHWP RGHIVRXVHVWP FHDY” 6KHFCP H
LORWHILHTE Z KHY KXP DQHP EY RQFVIWP FHIY KDG MWAEHHD GHIYHG
=HY GG UMUK IRUWH1 ,+ EDH5LQ0 DU @QG
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, QWD \VALHIAWY FRMCHHG GLLHAWFHDUHS@RHP HOMMH.DS\ VR KRS WH
EHWMBLRP MHLQWHDWQI 3DINQWRQY *: HNQRZ Z KIFK FHIYDLHSUP DU®
DIHAWG ™ =HQJ VOIG 2 QHXURQVSURGXAQ) GRSCP LOH WHP RWP SRUBQW
QHXURWDQWP WM™ BKHXVHVHP EU RIFVWP FHIVVRRP DNHGRSDP LQHULF
QHXURQV’

, Q3DINQRQV 3GRSDP IQHQHKIRQVDIHG 1Q) : HGROWWNQRZ ZK\ ~ =HY
\OIG : KHQCERXW  SHAHQAR WHHFHIYGLH DSDAHNEHIIQVVR\KRZ
VP SWP V 2,1\ RXNQRZ \WDAD@RQ WP HEHRUH i P SVRP VDSSHIU \KH

VOLG 3\ RX FDQ SUHYHOAMDW

' RSCP LOHLILF QHXURQV S@FHG LOUGH D SDAHMYELDIQ P XVAXQRARQ 3, |
\ RX FDQ GRWDMMHRUHAFD@D \ RX KDYHDFXUH™ \KHVOLG 31 HZ QHXLRQY
DUHGRQJ WHWE WH DIHVXSSRHG\RGR

5 HHDUFKHYLQ 6 HGHD DG WHS QMG VDMV \WIHG WDACSSLROFK Z LW
WUHFIQFDOMDYIQWHOM VDG HIUD V XMQJ GRSLP ICH
QHXURQVKDUYHAMG I LRP CERUMG WAXH 2, VY YH) GlLILEXOV =HQJ \DIG
3<RX KDYHVRJHVFHIVIURP  |RXUVRM] DERUMS | HMVHVVR JLYHVR RQH
SDAWHQA7 KDAVAD | 33XV \ RX FDQQRAJHABXUH PHIY WILRXIK DADMH
WOQSTOMRQ <RX P D EHIHARQHSHFHMR WHWIKWASHR FHIY 7KH

SHAHWP D\ JLYH\ RXMGHHITHAW DOG WDQUSGQBARQVXUIHY SRHY
UMNVVR WHSDAHOW

6RP HSDWHIWVKRZ HG LI QU LFDQAP SLRYHP HOWZ LW FHDUHS@AHP HOW
WHES\ DQG GG QRADHHE BIYRGRSD RURWHJIGUKIVXVHG VR HDH
3OINQRIVM P S\RP V 3&HDUHS@A-P HOANHEIS\ [QWIHRY FDQZ RN’
=HY \OIG

7HKQR®I\ 1RUP DNLQU LOGXFHS SOXUSRMOWAMP  FHIYZ DVIQYHIMG E\

1 REHOSU] H Z LOQHUBKLQ, D<CP DYONDLO KHUBLRILLP P HGDGXQV
\SHADD HG FHIVIQR WP FHIY <CP DQIND DGGHS | RXUIHOHVVR VNLQ FHTY
ILRP DP RX\VH FRQYHIAMQ WHP VR SOXUSRWQAMP FHIVLOVE R RUMUHH
ZHW

, QGXFHG SOUSRMNMP  FHIDY GLYLGH DG UHSLRGXFHLQGH LOWD  @\H
HP EU RIFVWP FHIY =HXJ SXUFKDWHG  \NLQ ELRS\ \DP SGVILRP
3DUNOQRQVSDAHOW REBIOHGE\ WHL ,+ DOGUSRIUP P HSWHP LOR
LOGXFHG SOXUSRMINMWP FHIYR WHQHKURQWSHDIHAMG B\ 3DINQVRQV
7 KHVHQHXURQVKDYHWH\EP HIHOHAE P DNH XS DVWH SDAHMVFHDY? 10
UH FU-DAQ) WDASDAHOWY 3 DNQRQIVIQ DMK

3 KHQ\RXEX\ IMA RX JHAD YIDCR WRHIUR) HQPHIY DP LQRQ SHUYLDO
=HY VOIG 6KHSIANHG Z KIFK JHHP XVDARQV\KHZ DOMG R WG KHD
KHWEUMG WH1 ,+ KDGIFZHJWDQ — \DP SBV 3<RX FOQJLRZ WHP
IQRVIMP FHIY 3, VD YH) FRP SOFDWMG SLRFHW DQG QRAYHY ROHFDQGR
LW VKH\DLG 7KHWXG, RRNILYH\ HOO/

.Q : &HIDQGHS DFROADAWZ IM WH1 , + RSLIRGXFH  QQHVR
LQGXAHG SOUSRMVWAMP FHIVIQ D\ HOU 7KHFRP SDQ SURGXFHVVIMP  FHD
QQHVILRP SDAHQWZ W 3DINQVRQIV $QKHP HIV $/ 6 WKL) RSKUHIDDQG
RWHJQHXURGHI HOH DAYHGMDAHY

7KH1,+ KDVDUSRMWRUY R P DQ P RH\DP SGVR FHIY GRQDMG E\
SDAHQW 1 RZ FHYDIHGRQDMGE\ GV LQJ EBRG <RX FDQP DNHWHP
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LQORWP FHIY <RX KDYHWR GRWHUHSIRIWP P LQJ * =HY VOIG

31 RZ \ RX KDYHD FHIWRXUFHWDAY LHQHZ CEB =HQJ VOIG 37KH FDQ
SURT H.DWI RIHYHJ <RX P DAHWHUJKWASHR FHIVXW.QJ DP DOXI DRMUQ)
SURFHWZ HKDYHDRHDG, GHLQHG <RX FDQJLYH  SDAHQWH DR WH
\DP HWLQU * HIP LODAQI XQNQRZ QVR! YDU LQ THEOARXH 3: HNQRZ

H DPD Z KLFK FHIWSH/DIHWHH VKHVOLG 3<RX GROWOHGVRJIR
WURXIK WHHP EU R” =H \VOIG 31 RZ Z HFDQ GR DALV LQ DSHAL GVK

© HFDQP DNHH DPAD WHWSHR QHXLRQV WDAWXFRXP E VR 3DINQVRQY

( YHQP RIHSLRP IMQU WOQ FHDUHS@RHP HOWKHDS\ LVXVHR! LOGXAHG
SOUSRMNIP  FHIV VR WMARUGMARYHUQHZ. GXIV 3, 1\ RX FDQILQGD
GUXJ WDWADQ SUHYHQWFHD GHDKY WHQ\ RX GROWOHHG\VRGR AHD
U-B@A-P HMWKHVOLG 3( YHQU FHIVWEUAG LQU LI \ RX FDQ KRGS MDY
SHAHWKHQ WHGEM-DHLY YHY P XFK P DODIHE®IZ LW GYRGRSD

PERSONALIZED MEDICINE

8 VHR LQGXAHG SOUSRMMMP  FHIY VR WIMKXQGUHEY RUHYHQ WRX\VDQGV
R QZ GXIVIQWH@ERDRY FRX@ YDMD \SHHG XS GHYHBSP HMWR
WHDR HQWIRU3 DINQWRQIVDQG RMHIGMDVHY 6RP HAKIVP LIKVKHS
RQHSDAHAZ KR KDVD SDUAFX@UJ HIHAE EDFNILRXQG P RIHWOQ DQRWHU
2, VY SHIVRQDT HG P HAA.OH <RX FDQ GRWLY %H RUH \ RX FRXTS MVAEON
DERAVW =HY \DIG

6KHVADQV OMDMUHDERWQHZ. GXIVIQ GHYHERSP HIWR LGHA

P RBFX®N\KHZ DN VR WAMMXFK DV \WRHWDACSSHIUVR SLRAMAW

GRSLP LOHQHXURQVILRP GF-DW LQP RXVHP RGHY 3: HFKRMH  RU

GXIV' \KH\DLG 300G Z HWMGWHP LODSHAMLGVK :  HIRXQG WIVRQO D
WIULGVRKDDR WHP SLRWAMHGHDW R KXP DQ GRSDP LOH.ILF QHXURQV”
HYHQWRXIK WH. P LIKWKDYHZ RINHGLQP LFH

© LW SOUSRWWAHTIIOHY GHUYHG ILRP FHIY GRODMG B\ 3DINQRQV
SDAHQW 2Z HKDYHWHSDAHQAVKIMRY ~ VKHVOLG 3 HNQRZ H DPWD Z KDW
P XVPARQ WY WDAMIIHHE 3 DINQRQY

7 KHFHIY FDQ EHXVHG VR GR SUH FIQUFDOM(GHY W LQI GXIVRQD
SDUARX@UIRPP R 3DINQURQIVZ IMRXWERUQI DO UMN VR WHSHIRQ Z LW
WHGMDH 3 HKDYHWR SIRYHWDWMHPHIYDUHVOIH . =HQ VDG LQ3KDH
, FOQUFDOMDY ( HLIFDR WXGLH\KRZ WDWDGUX Z RIWVRQ DGMDHIQ
DQP DEHRUHW LQJ IWQKXP DQV

3 DUARX@UD LQMIXLQJ V3 UHSXUSRMQ)” R GUXJVD@HDG: DSSLRYHGE\ WH
)" $ IRURMHUDSSTFDARQY VKHVOLG 6XFK DSSAFAWRQY FRXTS UHGXFHWP H
VRP DUNHAR\ P DO\ \ HDLY/

3,1\ RX WLON DERXWOHXIRGHIHOHDARQ LQWHELDLQ " =HQI \OIG 300G
3DNQRQIVEMDH YHY RWRQ D HAWP MRFKRQGUD DVZ HD

$QKHP HIVGM-DVHKDY DR EHHQ QONHG VR LP SOILHG P WMRFKRQGUD
IXQPARQLQJ 2,1\ RX ILQG DGUXJ WDAFDQ Ol | HAVIMHP LWMRFKRQGUD \ RX FDQ
P D EHWHDWP XOASGIGMDVHY \KHVOLG

SHIDMHIDS\ |RU3DINQRVDG RHIGM-DWVLYDIHZ \ HDOWIZ D =HY
\OIG DG UHBUHVHIWD I LRQAHUR VAHORH 2, WKDVQRAEHHD WIHG EHRUH’
VKHVOLG 2, VIPYH) H AW

| DWAY FDU=HQJ P HAZ W WH) * $ VR GVAXWWHSURVSHAAR FOQUFDOMDY
IRUKHJZ RN DQG DQLQYHWI DARQDOQHZ GUKI CESAFDARY ¥ KHH, DP LV
VR P DOXI CAMUHWHFHIVLQWHE* 0 3 &XUHW RRGO DQXIDRAMUQ)
SWAMFHR WH) ' $ ~ VKHVOLG 2, WW/YH) H SHMYH'

3UH FROQIFDOWNMGLHY DQG WM LQ P LFHZ RX@ VENHDERXWE R\ HDLY DQGD
3KDVH, FOQIFDOMOCFRXES EHWUHH\ HDW/DZ Dy 7 KDWMDCY. RXQBVENH
(RXJKO \ERP RH\ HDW/ IRTRZ HGE\ 3KDWH,, DQG,,, WDWY
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GENE EDITING

A third research approach is to attempt editing of specific genes typically
mutated in Parkinson’s patients, such as SNCA, PARK2, LRRK2 and
GBA.

Zeng’s team compares genes from Parkinson’s patients with those from
healthy people, analyzing them at the molecular level. “You can maybe
use some specific drug that” affects a particular genetic pathway. “We
have done this with the patient line,” Zeng said.

She also has taken healthy control cells and created mutations identical to
those in Parkinson’s patients. “I make a specific mutation that is linked to
Parkinson’s disease,” she said. “Then I compare this to isogenic cells —
identical genetic background.” Such research provides highly detailed
information about how drug molecules affect cells.

Another strategy is to take cells with particular genetic mutations and
correct those mutations, “what we call genome editing,” she said. “This is
one of my interests, to develop genome-editing technology. Then you can
see if the phenotype (physical expression of genetic mutation) is rescued
or not. This can also help predict a drug’s effect. Would it work for this
patient or not — personalized medicine,” she said. “Today we can do
genome editing relatively easily.”

The potential to help millions of Parkinson’s patients and their families
through groundbreaking science is a potent motivator for her research
and related business enterprise. “I love work in this field,” Zeng said.
“This new technology can benefit human health. In the end, I want to
develop a therapy — if I can make a difference, no matter how small,
that’s my goal. Think about — if I can prevent them from getting sick.”
The impact could be gigantic.

Though Zeng doesn’t directly treat Parkinson’s patients, “I understand
their pain,” she said. “I see how they struggle.”
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