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This is the story of how a Swedish
start-up came to set the standard
for cell cultivation. This is who
we are and where we come from.




Father and son Tryggvason. El
Photo: Hakan Lindgren.

The Father, the Son and
the Holy Laminin Molecule

t all started back in Stockholm in 2008. Kristian Tryggvason,
with 2 Ph.D. in molecular biclogy, having just finished an MBA,

sat with his father Karl Tryggvason, Professor at Karolinska
Institutet with a focus on extracellular matrix {(ECM) proteins,
to listen to a business proposal.

After years of unsuccessful attempts by many other groups, Karl

had finally been able to preduce full-length, human recombinant

laminin proteins. As the foundation of the cell’s basement mem- SEZ?]:':ELE
brane, laminins are the ECM proteins closest to the cell surface, {4
which give them a vital biclogical role. In ccllaboration with his ~ technelogy
former colleague from Finland, Outi Hovatta, then serving as Pro- ;; E:ge

fessor and chief physician at the Fertility Unit of the Karolinska
University Hospital in Huddinge, Sweden, they had discovered

that Karl’s laminin matrix could serve as an excellent defined sub-
stitute for feeder cells for pluripotent stem cell culture. In addi-
tion, they noticed that some of the laminin isoforms facilitated
differentiation of the stem cells into cardiomyocvtes, hepatocytes,
retinal cells, insulin-producing cells, and neural cells.

rom those first discoveries, Karl understood that he had

invented an excellent research teol that potentially could

facilitate the development of cell therapies. Karl’s vision was

clear. He wanted te build a cell therapy company with his
son, Kristian, at its head.

“When my father presented his business idea to me, I directly
saw the value of his innovation, the competitive advantage of these
recombinant laminins, and how they would benefit the entire stem
cell research field,” says Kristian. “To put the Biolaminins in use
also for basic research, the hest route to enable cell therapies.” >>
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Kristian continues, “I always wanted te start a company, but that it
would be sprung out from one of my father’s research discoveries
was never part of the plen” Indeed, like many father and son rele-
tionships, this one was not friction-free, and many times Kristian
and Karl differed in opinion.

“I remember when Kristian was in high school and I asked him
about his career plans, he told me that he did not want to work
with anything that I did. Studying molecules, working like an idiot
for low wages was nothing for him.” Karl laughs at the memory,
“Now he is my closest colleague.”

“Yes, I was hesitant,” Kristian says. “But I'm glad we did it. Bio-
Lamina has brought us closer tegether, now that we have 2 jeint
project. Karl is a prefessor, solidly planted in the research, and he
has given me free reigns when it came to the business side.”

“I started writing a business plan. It was scary. I had nc experi-
ence in running a company,” says Kristian. “I had an idea of what I
wanted to do, te put these biologically relevant proteins that fsup-
port stem cell culture like no other matrix en the market, available
to all researchers globally. We applied for meney from the Swedish
innovation agency Vinnova and we received 5 million SEK (500,000
EURQO). With that grant, we could develop the protein production
methed. However, though the business idea was clear, the company
still lacked the necessary funding.”

uring this time, Kristian lived in an apartment in Stock-

holm, neighbors with Magnus Kenneby, a management

consultant at the time. They met in the shared laundry

room of the apartment building and, as Iuck would have it,
struck up a conversation.

“I'had met Magnus before and knew his background, and I need-
ed somecne like him te test my ideas on. After a well-presented
elevator pitch, he decided to contribute financially with mon-
ey from his own pockets. He alse got his family, colleagues, and
friends to invest. It’s much due to Magnus’ support and knowledge
that BioLamina was started,” says Kristian.

“T was determined
never to work with

the same thing as
my father. Now
he is my closest
colleague.”

Kristian Tryggvason

REVOLUTIONIZING CELL CULTURE

“In the USA, you
start Apple and
other companies
in a garage. In
Stockholm, you
let the ideas of
fathers on paren-
tal leave bloom
in the laundry
room.”

Karl Tryggvason
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BioLamina’s first facilities at the Karolinska Institutet Science Park. Tworooms
with office space and logistics in one room and lab space in the other.
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“The fearlessness to contact pecple who are interesting to talk
te is one of Kristian’s strengths,” Karl adds.

icLamina’s first facilities were two rooms spanning 34m?,
located at the Karolinska Institutet Science Park. The office
space and logistics was situated in one room and the lab
space in the cther.

“Initially we borrowed the equipment form Karl’s lab, but scon
we had to buy our own to meet manufacturing demands. The first
labels for the vials were printed at my old workplace, borrowing
their printer before we bought our own,” Kristian explains. “Cur
Biolaminin preducts are unique, and the demand is high. We had
bocked orders on the products to Johnson & Jehnson, even before
the founding of BioLamina.”

It was only when the pile of Styrefoam boxes in Kristian’s office
started to decrease that he realized that BicLamina was moving in
the right direction. One year after the company was formed, Bio-
Lamina had grown to four peeple. One year later, in 2012, the team
moved to its current site in Sundbyberg in Stockholm, with large,
high quality lab and cffice spaces.
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“It has been such a great journey,” says Kristian. “As for many
small startups, there were ups and dowms, and at times we have
had to fight for survival. We were growing fast, and we had to make
substantial investments, so it was not until 2017 that we had our
first profitable year. Now we have a production standard so that
some of our products can be used for cultivation of cells that are
going to be used in the clinic. We have scaled up our production
method to ensure that we can meet the growing demands, we have
found a price range where we can be both profitable and compati-
ble, and we have a strong base of large routine customers and many
scientific publications that show the benefit of our products.”

ow, after these first ten years, our small company is a

somewhat important component in the stem cell culture

industry,” says Kristian. He continues, “We will contin-

ue to focus on our new goal, to become a leading solu-
tions provider for cell-based therapy. I am so proud that our Bio-
laminins are involved in ongoing clinical trials. Even though it is
early days and only a few people have been treated so far, itisin
many ways a fantastic achievement. Moreover, it could not have
been done without the amazing teamwork, from our side and
our partners, with a lot of effort and determination. The inter-
action with all these extraordinary, brilliant people, that is what
has made the biggest impression on me over the past ten years.
That is awesome!” «

“The interaction
with all these
extraordinary,
brilliant people,
that is what has
made the biggest
impression on
me over the

past ten years.”
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Important

Events BioLamina

FEB 2009 I
FIRST PRODUCT ORDER;

BIOLAMININ 511, 411 AND 332 9

We had scientists ordering MAY 2009
CEO STARTS. OFFICIAL

our preducts even before
Biol.emina was founded, BIRTHDAY OF BIOLAMINA

\ FEB 2009

DISTRIBUTORS IN
JAPAN AND CHINA

®

We were focking for
distributors that sold medium
which could have good
synergies with our products.
it has been a good collabo-
ration and in the beginning
our sales in fapan were more
than a haif of our total sales.
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JUN 2011

LAUNCH OF

BIOLAMININ 117 LN (LN111)

0

APR 2012
LAUNCH OF

BIOLAMININ 421LN (LN421)

©

MAR 2013
DISTRIBUTION AND R&D
DEAL WITH ROCHE APPLIED
SCIENCES

@

Thetechnology got
acknowledged by a major
pharma company. This
puished us toimprove our
quality thinking and we got
our 1SO-90071 certificate.

W

©

NOV 2008 APR 2009

PUBLICATION IN NATURE BIOTECHN OLOGY VINNOVA GRANT
FOUNDING THE PRODUCT
@ DEVELOPMENT OF OUR

The colfaboration between LAMININ 511 PRODUCT
Professors Karl Tryggvason and
Outi Hovatta resulted in this article @

that shows how Biolaminin 511 can be This grant was essential

used as a substrate for culture of mouse
ES cells invitro. The cells grow as amon-
olayer with high stemness hornogeneity,
maintained self-renewal capacity and
karyotypic stability during long-term
culture, evenwithout LIE Follow up
articles showed the benefits of
Biolaminin 51T also for culture
of hurnan ES and iPS cells.

as it allowed us to expand
our product manufacturing
capacity needed for sales.

DEC 2009
LAUNCH OF BIOLAMININ
21T LN (LN211)

|

JAN 2011
MOVE TO CURRENT
FACILITIES IN SUNDBYBERG
INSTOCKHOLM

JUN 2011
LAUNCH OF
BIOLAMININ 521 LN (LN521)

JUN 2012

LAUNCH OF LAMSCREEN

JUN 2013
LAUNCH OF 521-T0-60,
BIOLAMININ 521
PRE-COATED PLATES
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JAN 2014
PUBLICATION N NATURE COMMUNICATI 00

&

Algnd mark paberand g impartant
scienticwgiiation ofour Biotaminin 527
brod st in September the same yedar,
gaetailed sten-by-sten protoca) nags
birhiished in Nature protocals, Wie fad
faunched the prod st already 3 years
bricy, treing fo sell it wdth oy o in-
housedata and strong comedc o, bt
weith the scientiic ewidenceabout the
superiord yor the nrod it support
relfihle NESC expansion,
sales increas ed irpidaly,

SEP 2014

VINMOWA GRANT, CELL HEALTH:

COLLABORATION FOR
DEVELOPAENT QOF BLOLARIMI b
521 CELLTHERARY GRADE

S

Thisarantgave s q
passitiiity fo start the scaleun
process of Biolaminin 527
(T and to produce iing
e that & acc eptablieto oy

transiationagl custarmers,

VINNOWA GRANT
FORSHA O CH VK,

SUSPEMSIGR CULTURE UWORKAS PREPARATION FOR

BIOLAMIMIM 5217

JAN 2015
EUGRANT, CLINIMATRIX:
FOR WARKET INSIGHT

THECELL THERAPY GRADE
PRODUCT LAUKCH

REVOLUTIORIZIHGCELL CHIT URE

Phiotar David ©. Hay

APR 2015
PUBLICAT IO [N BJ0CHER CAL
ENGINEERIING JOURNAL

&

Large-scale bioreactorculture

OFISCE with Bilaminin 527

coated imicrocarriers, Broor-
of-concept articie oy effactie
serUmFTes expansion orfscs,

Who Why, Whan &Whera: I portant Events

NOV 2015
PUBLICATION I
STEM (ELL REPORTS

)

NESC cotured on Biogminin 527
and 117 showeffcient hengiocyie
specificatian, matoration, Tunction
and stabifization ofphenotype, The

resisits presented in the paper represent
asigndicant adwance compagred o
any previous pubiished data especialiy
reaarding meta bolffcactivity and
Functional oraan &7 ton,
Read more o bag e sz,

©

JAN 2016
PUBLICATION I
STEAS CELL REPORTS

B3]

[ this articie, G-5 kaminin is
identimed asa signatire ECIY
companent. endogenousiy
synthesized by undifferentiared
NESC anadhiPSC cufitred an defined
strbstrates, Kook aod
disrmtionar the LAWAS Tene
dramaticaliy redoced hiBsC
seff-renewal g nd e rersed
apoptosis Mitho ot affecting the
BN RSSO OF BIUHDOT e ¥ markers)
Wich only e Liture O exog enaous
Biotaminin 527 could restore
o il -ty e fevels,

JUN 2013 MAY 2014

SIGHED AGREEMENT WITH
CEMEL FOR SLISPER SIb
CULTURE PRODUCTION OF
OUR CELL THERARY GRADE
EIOLAMININ 521

Phato; Lselatte Antanasan

508007 CERTIFIED

SEP 2014
PUBLICATION IN fiaTURE
PROTOCOLS

Detaied step-by-sten
Brotoc ol For trhansrer, chonal
growth and monoiayer
exbansion arf hPsCs on
Bodaminin 52T und e defin ed
aNaanimal compon ent-rree
COonG itons,

O

0CT 2014
EL GRANT, LAMRIC;
COLLABORATION FOR
DEVELOPWERT OF CT521
COATED I CROCARRIERS

b &

O

MAR 2015 JUL2015
GLOBAL DISTRIBUTIONDEALS

JAN 2016
PUBLICATION IN STERCELL REPORTS

S

This pudiication descritoes effective
differentiation productionor NES C-REE
cells an Biola minin 527 &) @ xeno-free

and deined manner, The tanspianted FEE

celfs showed fong-term ntera tion and
formed bolarized monaia vers exhibiting
bhagoc yiic and phoforecentar rec ue
CApaCity in g larg e eve mod el
REdd more on Page sa,

EU GRANT:
WITH CORMING AND THER 30 DEVELOPMENT OF BLODD
FISHER SCIEMTIFIC BRAIM BARRIER @ODEL
@ ST G BIaLAB IS

ThedEtribtion deqls were
axeyractor fogetgocessto

theglohal market. ftalso

showed thecompetitire

edge of ooy prod s,

Prato: Frediik Lanner

O

FEB 2016
LAUMCH OF
BIOLAMININ 221 LV (LN221)
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Photo: Malin Parmar

:Important Events

JAN 2017
PUBLICATION IN CELL STEM CELL

@

This article describes a good
manufacturing practice (GMP) differ-
entiation protocol for highfy efficient

and reprodlicible production of
transplantable dopamine prageni-
tors from hESCs on Biolaminin 111,
The authaors alse identified predictive
markers expressed in dopamine
netiron progenitors that correlate

SEP 2017
PUBLICATION IN NATURE PROTOCOLS

®

A detailed 16-d protocol for obtaining
high-purity ventral midbrain dopamine
progenitors for intracerebral transplantation
into animal models and for in vitro maturation
into neurons. They show how to precisely set
the balance of patterning factaors to abtain
specificafly the caudal VM progenitors that
giverise to DA-rich grafts. This protocol is
free of xeno-derived products and can be

REYOLUTIONIZING CELLCULTURE ~ Who, Why, When & Where: Important Events

MAY 2018
PARTNERSHIP WITH NOVO NORDISK
(LICENSING DEAL)

S

Partnership between Novo Nordisk,
Biolamina and Lund University to
develop stem cell-based treatments
for Parkinson’s disease. Another
partnership between Nove Nordisk,
Biolarnina and DUKE National
University Singapore Medical Schoof

1
©

SEP 2018
PUBLICATION IN MATRIX
BIOLOGY

@

Article shawing a
novel methodto grow
and maintain hormoxic

uoseaBBbA L ey i0101y

0CT 2018
PUBLICATION IN NATURE
COMMUNICATIONS

@

Article where Biolaminin 511
and 421 were identified as
potential candidates to

OCT 2016 with graft outcame in an animal performed under good manufacturing forresearch was started with focts and functional isfets on replace the murine feeders
LAUNCH OF model of Parkinson's disease, Read practice (GMP} conditions. on chronic heart failure and age- Biolaminin 521 in a for robust expansion of adult
BIOLAMININ 121 LN (LN121} maore on page 76. Read moreon page 74. refated macular degeneration. serum-free medium. human skin keratinocytes.
e | |
| | | | | | |
©
MAY 2016 DEC2016 JAN 2017 MAY 2018 MAY 2018 AUG 2018 0CT 2018
GLOBAL DISTRIBUTION EU GRANT, DOPAL AM: YINNOYA GRANT, LTNES: L AUNCH OF PUBLICATION IN OEM DEALWITH CELLINK VINNOYA GRANT, L AMINK:
DEALS SIGNED WITH DOPAMINE CELL PRODUCTION SETTING UP AN IPSCBANK BIOLAMININ 521 MX (MX521) BIOMATERIALS FOR WK CELL DIFFERENTIATION
STEMCELL USING BIOLAMININ 521 AND PRODUCTION OF MCB NES AND BIOLAMININ 521 CTG{CT521) @ ON BIOLAMININ

BIOLAMININ 111

®

This grant alfowed us ta
start the development b N

WITH USE OF BIOLAMININ 521
AND BIOLAMININ 111 @

Launch of our cell therapy
grade Biolaminin 52T product.
At the same time, we changed

®

This article shows jaser-assisted
bioprinting production of 30

OFM partnership with

corirea tissues using human

stem celfs and Biofaminin

CELLINK for the develepment
af bioink products for

bioprinting. CELINK =

taunched a portfolio of
LAMININK with Biolaminin

of Biolaminin 111 CTG for
deparmine cell production.

thename of all our human
- recombinantfaminin

silaminin VX % products to Biolaminin,
Biolaminin v/

. Ii:\mm‘mn(T*’_'- %

52T tunctionalized bioink.
Read moreon page 56.

117,127,417 or521
incorporated.

uoseaBBAIL ey ooUd
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AR 2019 e
PUBLICATION [NCELL REFGRTS MAR 2019
CJEMY DOEA LINITH SFIRER JUNE X179
(=) LU HCH OF B ISILE 521
Brioitmond for e odcible (=]
g reration of o iéo -l iy, SErn DM e e Fafn WnltFy Sod b @
cell-derive & cdardiowrsoutar 1o B VeI o D R Db Laminin-dged
orogenites on Biolarainin 221, bimezpecific 300 e i S R PO
— |
e | |
JAN 2019 AR 2019 MAY 2019
PUB LICAT IO N STER EN GRANT, RESTORE: SUSPENGION PRODUCTION
CELLE MOTERNA RoWAL BIOLAMINA SUFPORTSTHE IMPLEMENT ED INHOUSE
FLAGSHIP P4 N-ENROPEAN
= PROG RAM, DESIG HEDTO

Learige -l BiBSC cuf furk ACCELERATET HE CLINICAL

in Folicw fber bioedstors RULILA BILT Y OF ADYANCED.

ot ted with Bioketnénin 521 RESENERATIVE MEDK INE.

o J grifican tindnegas

i prol fertion.

FEVOLUTIOHIZHG ELLOLTURE Wby Wi b, Withe n s Wthe re: Innportant Bve nts

“We are fortunate to work with some of the best
researchers and industry professionals in the world,
and we are thrilled to see how our products are
being used to move their innovations forward. We
look forward to continuing this journey together.”

21
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Q THE LAMININ MOLECULE

Laminins are heterotrimeric
proteins that contain an
a-chain, a B-chain, and a
y-chain. The laminin iso-
forms are named according
to their chain composition.

Reichert’s Membrane

Inner Cell Mass (ICM)

LAMININ EXPRESION
IN THE BLASTOCYST

a5 chain laminins are
among the first matrix
proteins to be expressed

in the inner cell mass

of the blastocyst and are
vital components of the
embryonic stem cells niche.

The Laminin Technology

aminins are a large family (at least 16 different isoforms ex-

pressed in mammals) of conserved, multidomain glycopro-

teins comprising the extracellular matrix. They are a major

component of the basal lamina, a protein network that is the
foundation for most cells and tissues. Laminins are vital for the
maintenance and survival of tissues and, importantly, most lamin-
ins exhibit high cell-type specificity. Each laminin isoform consists
of three inter-ceiled chains - an o, , and v chain - that exist in
five, four, and three genetically distinct variants, respectively. The
laminin isoforms are named according te their chain composition.
For example, 2 combination of an ug chain, a 2 chain, and a 11
chain, forms laminin s-2-1 {LNs21). The trimeric proteins form
a cross-like structure that can bind to other extracellular matrix
molecules and various cell membrane receptors.

here are many binding motifs on the full-length laminin
molecule that can interact with cell membrane receptors,
both in the short arms and in the leng arm. Via binding to
specific cellular receptors, such as integrins and dystrogly-
cans, laminins mediate cellular effects including, but not limited
to, cell adhesion and survival, proliferation and migration, differ-
entiation and specialization, and subcellular organization. With-
out the right combination of laminin isoforms, cells and tissues
become dysfunctional. Laminins are also capable of co-signaling
with growth factors and efficiently buffer endogenously produced
growth facters, thereby adding to the mechanistic complexity.

n the body, cells reside in highly specialized, cheme- and mech-
anesensitive microenvironments, or “niches”, which serve to
protect and maintain the cells and te respond to the needs of
the surrounding tissue. ug chain laminins (511 and 521) are the
key cell adhesion proteins of the natural stem cell niche, expressed

Collagen

Nidogen

Vitronectin

The basement membranes
(BMs) are sheetike extra-
cellular matrix (ECM) struc-
tures that are locatedin the

immediate vicinity of most
cells, a foundation for most
cells and organs. The basal
lamina is a layer of the

basement membrane and
is made and maintained
by the cells that sit on it. It
acts as a point of attach-
ment for cells, achieved by
cell-matrix adhesions.

SIGNALING
BETWEEN CELLS

EXTRACELLULAR MATRIX

Integrin

SOLUBLE SIGNALING FACTORS

-
%

Laminin ———

Hyaluronic acid

Q THE EXTRACELLULAR MICROINVIRONMENT

Stem cells are influenced by the coordinated interaction of
soluble factors, extracellular matrix (ECM) proteins, and signals
from neighboring cells. This multifaceted cell-ECM communication
takes place through both integrin and non-integrin membrane-
bound receptors and induces complex intracellular signaling
pathways with subsequent effects on survival, self-renewal,
migration, morphogenesis, and differentiation.

and secreted by the embryenic stem cells of the embryo’s inner
cell mass. The Biolaminin 521 cell culture substrate thus recapit-
ulates the most biologically relevant milieu for hESCs and iPSCs
cultured ix vitro and is a critical autocrine and paracrine factor for
regulating survival and self-renewal. Tissue specific leminin iso-
forms can alsc be used for robust differentiation of specialized cell
types, such as hepatocytes, skeletal muscle cells and various neural
cells. »

“
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