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About ATCC

Founded in 1925, ATCC is a non-profit
organization with headquarters in Manassas,
VA

World’s premiere biological materials
resource and standards development
organization

ATCC collaborates with and supports the
scientific community with industry-standard
products and innovative solutions

Broad range of biomaterials

Continuous cell lines, iPSCs, primary
cells, and hTERT immortalized cells

Bacteria, fungi, yeasts, protists, and
viruses

Microbial and tumor cell panels
Genomic and synthetic nucleic acids
Media, sera, and reagents
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Blood cells

Blood is comprised of a heterogeneous
population of specialized cells

Three major types
Leukocytes: Acquired and innate immunity
Erythrocytes: Gas transport
Thrombocytes: Wound healing
Millions of blood cells are generated every
second, approximately 1 trillion every day
Hematopoiesis:
Dynamic process
Varies in response to injury or infection
Individual cells may live for hours to years

Erythrocytes

Blood cells arise from hematopoietic stem cells (HSCs)



Hematopoiesis: A hierarchal system
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Hematopoietic cell fate and lineage
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Hematopoietic stem cells: Characteristics

ATCC

Hematopoietic stem cells (HSCs) are
multipotent cells that give rise to all other
blood cells

HSCs reside primary in bone marrow
(major site of hematopoiesis in adults)

True hematopoietic stem cells are rare

True hematopoietic stem cells can only be
confirmed via in vivo functional assays
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Hematopoietic stem cells: Markers
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CD34+ cells are a mixed population of stem

and progenitor cells
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Assays to study hematopoietic stem and
progenitor cells

In vivo

Serial

transplantation

Long term
reconstitution

In vitro

= Co-culture/3D

== Differentiation

= EXpansion
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Cytokines influence cell fate and lineage in-vitro
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Blood and hematopoiesis summary

Blood is a heterogeneous tissue - its replacement in vivo is a complex
process

HSCs are responsible for the generation of all other blood cell types

Recent advances allow for the identification and isolation of human
HSCs as well as other blood cell types

This process can be studied in vitro though the use of lineage directed
differentiation of HSPCs
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Background

Mononuclear cells

CD14+ monocytes




Primary CD34+ HSPCs

Applications
Ex vivo expansion and differentiation
Stem cell markers
Gene transfer
Cytokine and chemokine expression and regulation
Receptor expression

Key research areas
Safely and efficiently expand HSCs in vitro or in vivo for transplantation
Immune response
Graft-versus-host disease/transplant rejection
Cancer
Cell-fate determination
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Mature lymphocyte generation from CD34+

HSPCs on a 3D matrix

A Simple Model System Enabling Human CD34* Cells to
Undertake Differentiation Towards T Cells

Antenio L ', Chri her B-Lynch', Chrysa Kapeni', Richard Aspinall'

1 i Group,
of Mecicinm, tha Hebruw Universy of Jorusalerm, Jorussern, lwmel

Cranfiekd Unfversity, Cranfiald, Unied Kingdom, 3 D c Faculty
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ATCC primary CD34+ HSPCs

Healthy human volunteer donors; IRB-approved informed consent
Adult, non-pregnant (excluding cord blood)

Cryopreserved at PO; Purity: 2 90% CD34+

Age, gender, ethnicity, and blood type on CoA

PCS-800-012 Bone marrow Hematopoietic stem/progenitor cells (CD34+); Normal >0.5 x 108
PCS-800-014 Cord blood Hematopoietic stem/progenitor cells (CD34+); Normal >0.5x 106

o o
&0 &0
(=] (=] (=] (=]

o o o €5
2% 2% 28 3R
o o o o
S T T T T T S T T T T T T o f TTII T I T T (T T T I T e = i T T L]
He g3 1ot 105 106 1072 Pl 02 103 1ol 103 6 T 1 10 33 'k 103 6 wle 101 we 103 10d 103 1072
CD45 CD34 CD45 CD34
7y Bone marrow Cord blood

16

ATCC



CD34+ HSPC lineage directed expansion and
differentiation

Goals

Demonstrate primary CD34+ HSPC capacity for lineage-directed
expansion and differentiation in vitro

Confirm multilineage differentiation (erythrocyte, megakaryocyte, and
pan-myeloid)

Compare CD34+ differentiation efficiency from multiple tissues
Utilize a method amenable to high throughput assays

Methods
Cryopreserved CD34+ primary cells from bone marrow and cord blood
Serum-free liquid culture
Analysis of phenotype by surface marker expression
Commercially available cytokine cocktails
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General differentiation protocol workflow

Thaw vial of CD34+
cells

Seed directly into
differentiation media

Basal media: SFEM Il

Supplement with
cytokines

ATCC

For detailed differentiation protocols
see the ATCC website
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Erythroid differentiation and expansion

HSCs and MPPs

®

Common myeloid progenitor Common lymphoid progenitor

[ J |

Erythrocyte Q

° Mast cell Mye oblast Natural killer cell O

(=] (=]

-1

Megakaryocyte ¢ T lymphocyte O
¢ \° B lymphocyte
o
1= =) Monocyte
8:»0 © Fo Eosinophil l
Thrombocytes

Dendritic cell

Macrophage 19
ATCC phag



Expression of erythroid lineage markers on
differentiated BM and CB CD34+ cells
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Megakaryocyte differentiation and expansion

HSCs and MPPs
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Expression of megakaryocyte lineage markers
on differentiated bone marrow CD34+ HPSCs
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Expression of megakaryocyte lineage markers

on differentiated cord blood CD34+ HPSCs
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Pan-myeloid differentiation and expansion

HSCs and MPPs
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Expression of pan-myeloid lineage markers on
differentiated BM and CB CD34+ HPSCs
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Specificity of pan-myeloid-directed
differentiation of CD34+ HPSCs
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ATCC primary CD34+ HSPCs: Summary

Multiple
tissues

Single donor
= 90% CD34+

Bone marrow
Cord blood

Erythroid
Megakaryocyte
Pan-myeloid
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Background

CD34+ hematopoietic stem & progenitor cells

CD14+ monocytes




Mononuclear Cells

HSCs and MPPs
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Primary mononuclear cells

Applications
Isolation and study of cell subpopulations

Molecular expression profiling

Key research areas
Infectious disease
Blood pathologies
Immunology
Vaccine development
Toxicology
Regenerative medicine

ATCC

Monocyte and erythrocytes
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Primary mononuclear cells

Healthy human volunteer donors; IRB-approved informed consent
Adult, non-pregnant

Cryopreserved at PO; Purity: =2 90% CD45+

Age, gender, ethnicity, and blood type on CoA

PCS-800-011 Peripheral blood Mononuclear cells (PBMCs); Normal, Human >25x 106

PCS-800-013 Bone marrow Mononuclear cells (BMMCs); Normal, Human > 25 x 10°
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Primary mononuclear cells

Reported on CoA (lot specific)

Specific marker expression

Peripheral Blood

CD45+ (%)
CD3+ (%)
CD8+ (%)
CD14+ (%)
CD19+ (%)
CD56+ (%)

Bone Marrow

CD45+ (%)
CD3+ (%)

CD8+ (%)

CD14+ (%)
CD19+ (%)
CD34+ (%)
CD56+ (%)
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CERTIFICATE OF ANALYSIS

ATCC® Nusbar: PCS-B00-013™
Lot Numbir:
Hama: Primary Bone Mrrow Manonuchear Calls, Normal, Husan
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Source: Human Bane Masmew
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Blood Typa: APos
Volu maltsgbe: Approximataly 1 mL
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Non-viral method increases natural killer
cells’ anti-cancer cell cytotoxicity

Enhanced Cytotoxicity of Natural Killer Cells following
the Acquisition of Chimeric Antigen Receptors through
Trogocytosis

Fu-Nan Cho'”, Tsung-Hslen Chang” ", Chih-Wen Shu®, Ming-Chin Ko®, Shuen-Kuei Liao®, Kang-Hsi Wu®,
Ming-5un Yu®, Shyh-Jer Lin®, Ying-Chung Hong®, Chien-Hsun Chen’, Chien-Hui Hung®, Yu-
Hsiang Chang™***

1 Department of Dbwsewics and Gynecology, kachung Vetsosm, (enersl Hawpitsl, Aashar, Tawsen, 3 Departmers of Medesl Fdumsnon sl Research, Keohaing
deterara, Gameral Hosphal, Kashakung, Taiwen, 3 Departmenn of Peciaes, Kachahung Vetemans Geneesl Howsital, Kashuung, Taiman, & Grachuse inatitute of Cancer
Seokogy anet Dy Dincovery and Conter of Encellonce for Cancer Rescwrch, Tapes Medical Unierity, Taipoe, Taiwan, 8 Drpartment of Pedistrcs, Chdren's Hosptal and
iehood of Chineae Medeine, Ching Meckesl Univeraity Hengtoh, Taschung, Taiwan, & Harmasology Oncology Section, Deparnment of Medtine, Kashanng Veiean
Semeral Honpital, Kachasng, Tasman, 7 Depirsment of Radision Oncokiqy, Kashiiung Vietersna General Honpial, Kashiiung, Tasan, 8 Faculty of Medkcine, Natonal
arsgring Uiniversiry, Taigel, Tabman, # Departrment of Warsing, Tajen Urbenrsity, Tangss Townabip, Pingrung Couney, Tawan

Abstract

Matural killer (NK) cells have the capacity 1o target tumon and are ideal candidates for immunotheragy. Viral vecton have
been used to genetically modify in vitro expanded WK cells 1o express chimeric antigen recepton (CARL which confer
cytotoxicity against tumors. However, use of viral transduction methods raises the safety concem of viral integration into
the NK cell genome. In this study, we uted trogocytosis a1 a nonsviral method to modily N cells for immunctherapy. A
K562 cell line expressing high leveds of anti-CD19 CARs was generated a4 a donor cell 10 transfer the anti-CD19 CARs onto
NK cells via trogocytosis. Anti-CD19 CAR obsserved in expar colly after thee colly for
one howr with d donor cells anti-CD19 CARs. anabysis firmed the
localization of the ant-CD19 CARs on the NK coll surface. Acquisition of ant-CD19 CARs via trogocytosis enhanced NK cell-
mediated cytotoxicity against the B-cell acute lymphoblastic keulkermia (B-ALL) cell lines and primary B-ALL cells derived from
patients. To our knowledge, this i the first report that describes the increased cytotoxicity of NK cells following the
ascquisition of CARs via trogocytosin. This novel strategy could be a potential valuable therapeutic approach for the
treatrment of B-cell tumon.

Citathon: Cho F-H Chang T4 Shu C-W, Ko M-C. Liso 56, et Protamcity o Crumeric Antsges
Reepter through Tmrgosyiosh. PLos OME #50F = 10011 .-.-ml'w\m.-l.-.mmi

Edior: lscum Timmer, Corre e Recharche Publi de | Sarnd (CAP-Sanadl Lummbirry
Bacaived April 14, 2014 Accepted September 4, J014; Published Oonber 14, 2014

Copyright: € 1814 Cho vt s Tha . an aper-acoes article ditriuted undes the termm of the reathes Commarn Atriation Liors, which persy unsrrcsed
e, tinaneamion, andd seprROGECBON in ay ek, prowded the Bngnal KARGr and Youre s credaed
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Fumding: Trut shusdy s wppaned by grants irom Natsonsl et Sesench Iniuses (55800, bpienghih, nho.om e/ WEMSetwdl) Action dal. snd
Kby Veterarn, Gereesl Herotal (VAL 100194 and 801 11, bt arsew g, o enfEragi] f Y4 Then ok s shos usperted o part by the Mimtry
of Health and Weltare of Taiwan TE-8-11101L b 0 50 Ther hurcters had no sole i shudy deg,

daes collecnion snd anshysi, dechion 1 publn, o perrararion of the manaeipt
Compating Interwsts: The suthon haws decleed that ro somprting sty st
* it yhehanglveghin goviw

* Frue suthon, coniritns squally io i work

ent, beadling w0 cytooxicty specifically ag
ia 4]

ativasing iguak aing from CII9 antigen

PLOS OME | www plotons.ceg 1 October 2014 | Volume § | lswe 10 | #109352

Cho, Fu-Nan, et al. PloS one 9.10 (2014): e109352.
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Immunosuppressive assay using PBMCs

CD3/CD28 beads
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For detailed differentiation protocols
@ see the ATCC website
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MSCs suppress activated T-cell proliferation

ATCC
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ATCC Mesenchymal Stem Cells

The complete study, presented at ISSCR 2014, is available on the ATCC website:

Comparative analysis of cell proliferation, immunosuppressive action, and multi-lineage differentiation of
immortalized MSC and MSC from bone marrow, adipose tissue, and umbilical cord blood

@ Dezhong Yin, Ph.D., Joy A. Wells, James Clinton, Ph.D. and Chaozhong Zou, Ph.D.
ATCC Cell Systems, 22 Firstfield Rd, Suite 180, Gaithersburg, MD 20878, USA

ATCC ISSCR Poster #: F-3115

For more information on our MSC products: www.atcc.org/stemcells

PCS-500-010 Primary Umbilical Cord-derived Mesenchymal Stem Cells
PCS-500-011 Primary Adipose-derived Mesenchymal Stem Cells
PCS-500-012 Primary Bone Marrow-derived Mesenchymal Stem Cells

SCRC-4000 Immortalized hTERT Immortalized Adipose-derived Mesenchymal Stem Cells

&

ATCC
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Background

CD34+ hematopoietic stem & progenitor cells

Mononuclear cells




Primary monocytes (CD14+)

Macrophage Dendritic cell 38




Primary CD14+ monocytes

Applications
Isolation and study of monocyte subtypes
Differentiation
Phagocytosis
Chemotaxis/migration assays

Key research areas
Immunology
Monocyte polarization RUR L
Inflammation associated pathologies Bone cancer cell Coutey of Bumett
Infectious disease Lippincott-Schwartz, National Cancer Institute

Cytokine release
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Primary monocyte-derived macrophages are
suitable for studying Lm, cell lines are not

OPEN & ACCESS Frealy avalable online

PLOS o

CD14-Dependent Monocyte Isolation Enhances
Phagocytosis of Listeria monocytogenes by
Proinflammatory, GM-CSF-Derived Macrophages

Caroline Neu', Anne Sedlag’, Carina Bayer®, Sabine Férster’, Peter Crauwels®, Jan-Hendrik Niess®,
Ger van Zandbergen®, Giada Frascaroli®, Christian U. Riedel™

1 estituts of Microbislogy and Biotechnalogy, University of Lim, Uk, Geemany, 2instinits of Viroksgy, Usiversity Madical Comar Ui, Ui, Germary, 3 Division of
Immunclogy, Pau-Ehelichncinue, Fedural lrtivats for Vaccines and Siomedicines, Langen, Geemany, & Dapanment of Viscoral Medicins and Surery, Inselspinal, B,

Switzoelaned

Abstract
Macrophages are an important line of defence against invading pathogens. Human macrophages derived by different
methods were tested for their suitability a3 models 1o investigate Listers manocytogenes (Lm) infection and compared to
macrophage-like THP-1 cells. Human prim.ar; monacyes were isolated by either positive of negative immunomagnetic
selection and differentiated in the presence of factar (GM-CSF) or macrophage
eolony-stimulating factor (M-CSF) into pro- o infl of the Balation
method, GM-CSF-derived macraphages | pmlnve for CD206 and M-CSF-derived macrophages (M-Mi) for
CD1E3. THP-1 eells did not express CD206 or CD163 followlng incubation with PMA, M- or GM-CSF alone or in combination.
Upan infection with Lm, all primary macrophages showed good survival at high multiplicities of infection whereas viability
of THP-1 was severely reduced even at lower bacterial numbers. M-My generally showed high phagocytoss of Lm.
Strikingly, phagocytosis of Lm by GM-Mp was markedly influenced by the method used for isolation of monecytes. GM-Mp
derived fram negatively isolated monocytes shawed low phagocytosis of Lm whereas GM-Me generated from positively
selected monocytes displayed high phagocytosis of Lm. Moreover, mmrlon with CD14 antibody was sufficient 1o
enhance phagoeytosis of Lm by GM-Mp o d from olated By contrast, non-specilic
pmgoqmus of latex beads byGM—quas ot nn'lumed by trestment with CD14 anitibady. Furthermare, phagacytesis af
laeti coli, b and the parasite Ler majar by GM-Mip was net
enhanced upon treatment with CO14 antibody indicating that this effect is specific for Lm. Based on |nae ‘observations, we
propose macrophages derived by ex vive differentiation of negatively selected human primary monocytes as the most
suitable model to sudy Lm infection of macrophages.
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Introduction the secretion af two phospholipases, P
o ) » farming toxin lsteriolysin € (LLO) [5]. This resubis in the release
Listeria (i) is a Gramep obligate  of fm into the cytoplasm where it starts to replicate and spread

intracellular pathogen that is abe w0 cope with 3 wide rnge of  fom on

and PicE, and the pores

cell to another by hijacking the bast cell acin

environmental conditions and is thus found in various of habitas
[1]. In husmars, the discase caused by L is termed listeriasis and
‘manifests primarily in immenocompromised individuak, pregnant
wamen, newshorns, and ddedy patients with 2 mortality of 20—
30% in these at risk groups [2]. Infections with Lm are wsually

cytaskeletan [6].

Macrophages play a central role in activating and finely
inflammatory pathways of the host
sysem to maunt effective host responses against invading
pathogens. fu o, macrophage diferentiation & driven by GM-

acquired upon consumption of contaminated food products and  and MWCSF [78]. Hig
thuss the first habitat inside the host is the i liract [3.  jng phenotype resubing in high 11
Im & able to cross the intestinal barrier, sl Iy enters the  prosint cells are abo termed M1 macrophages. By

blood and hmph stream, and finally colonizes lver and spleen
whee it & primasily phagorytosed by resident marmphages [4].

contrast, M-CSF polarizes macrophages o an antinflammatory

phenotype characterize

Neu C, et al. PloS one 8.6, 2013: €66898.
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ATCC primary CD14+ monocytes

Healthy human volunteer donors; IRB-approved informed consent
Adult, non-pregnant

Cryopreserved at PO; Purity: 2 90% CD14+

Age, gender, ethnicity, and blood type on CoA

PCS-800-010  Peripheral blood  Monocytes (CD14+) >50 x 106
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Macrophage differentiation protocol

Monocytes
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1.5h

ATCC

00O
Q00
I

{559

Wash to remove
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Media change

24-72 h

Analyze by
flow cytometry

For detailed differentiation protocols

see the ATCC website
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Generation of CD68+ macrophages from
monocytes

Day 1 Day 9

Count
400 600 800

200

Monocytes Mature macrophage

Macrophages differentiated from CD14+ monocytes for 9 days.
Morphology characteristic of type M1-polarized macrophages.
> 80% of cells were CD68+

ATCC “



Dendritic cell differentiation protocol

Monocytes Media change. Media change. Media change.
Retain non- Retain non- Retain non-
@ adherent cells. adherent cells. adherent cells.

” Analyze by
flow cytometry

24 h 72h
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I
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000
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00O
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For detailed differentiation protocols
ry see the ATCC website

ATCC
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Day 1

[

After 8 days differentiation
95% of non-adherent cells
were CD14-

>70% of cells were CD83+

" L e

Mature DCs
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Summary

ATCC offers a variety of well-characterized and functionally validated primary
hematopoietic cell types

CD34+ HSPCs
BMMCs and PBMCs
CD14+ monocytes

ATCC provides hematopoietic lineage-specific differentiation protocols
Erythroid
Megakaryocyte
Non-specific myeloid
Dendritic
Macrophage

ATCC hematopoietic cells are useful in numerous areas of research
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Thank you!

Register for more webinars in the ATCC “Excellence in Research”
webinar series at www.atcc.org/webinars.

March 5, 2015

10:00 AM, 3:00 PM ET

David Clawson, Lead Biologist, ATCC

Enhancing vector-borne research with biological and molecular standards

March 19, 2015

10:00 AM, 3:00 PM ET

Scott Sutton, Ph.D., Principal, Microbiology Network and
Tracy Vandenbroek, Product Line Business Manager, ATCC
Microbiology quality control as described in the Compendia

Thank you for joining today!

Please send additional questions to tech@atcc.org
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