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Expression of human liver heparan sulfate proteoglycans-like

molecules on myeloid leukemic cells
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Abstract
%‘Iﬂwmﬁ?ﬁ’a Expréssion of human liver proteoglycans-like molecules on myeloid
feukemic cells
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Heparan sulfate proteoglycans (HSPGs) express on membrane and matrix of many
cell types. HSPGs significantly involve in fundamental cell activities, act as the co-receptor
of many certain molecules with heparin binding region and are related to adhesion, invasion
and metastasis of cancer. Previous study showed that normal peripheral biood leukocytes
did not express human liver HSPGs as well as hematopoietic cell lines in lymphoid lineage.
However, it was interesting that cell lines in myeloid lineage (HL-60 and K562) showed
significant expression of such molecules. The result suggested that these cells may express
liver HSPGs or HSPGs-like molecule(s). To study the expression of the newly molecule(s)
that can be used as co-marker for differentiation of leukemia by a novel monoclonal
antibody specific to liver HSPGs, we studied the expression of HSPGs on various leukemic
cells from 33 patients (16 AML, 5 ALL, 1 CML, 1 HD and 10 NHL) by indirect
immunofluorescent technique using MAbs specific to liver HSPGs (1E4-1C2 and 4E6-1E1)
and analyzed by flow cytometry. The interesting AML cell population was confirmed by PE
conjugated anti-CD33. The result showed that non of nor mal peripheral blood {eukocytes
expressed liver HSPGs as well as ALL, CML, HD, NHL and cell in normal bom marrow. More
interesting, 3 AML samples showed positive reaction (7 of them reacted only with 1E4-1C2
and 2 reacted with both MADbs). It was suggested that AML may express new molecules and
this was not observed in other lineages. The newly molecule(s) may be liver HSPGs or
HSPGs-like molecule(s) because it can be detected by specific MAbs. However, the
expression of molecule(s) was not found in every AML. It might be explained that AML is the
abnormality of stem cells which can be differentiated and express different membrane
molecules. Moreover, differences in stages of AML could be concemed together with the
observation of hematologist who diagnoses cells from bone marrow smears. This study
developed the new leukemic co-marker for the differentiation of AML and however, it needs

more characterization.
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Proteoglycan ' Major GAG Tissue

Secretory proteoglycan -

Versican Chondrottin sulfate Brain, mesenchyme
Testican Heparan sulfate Brain, testis

Perlecan Heparan sulfate Basement membrane
Transmembrane

Proteoglycan

N-syndecan Heparan sulfate Brain
Glypican Heparan sulfate Brain, muscle
Appican Chondroitin suifate Brain, connective tissue

MNNIANENTUAAIRENTAY proteoglycan LNTHALEU syndecans WAS glypican wudnl

. 1 = o k4 = 1 o ]
syndecans Uz glypican stfunfinasueuiiaifiasine] Auantlumie 2°
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Proteoglycan | Expression Proteoglycan Expression
Syndecan Epithelia,  plasma | Glypican CNS

cell
Fibroglycan Fibroblast Cerebroglycan | CNS
N-syndecan CNS OCI-5 CNS
Amphiglycan | Adherent cells

Heparan sulfate (HS) gﬂﬁdLﬂi‘ﬁ:‘lﬁl&ﬁ golgi apparatus Toenasdlnsl heparan sulfate .
synthase 181l tetrasaccharide [Glca-Gal-Gal-Xyl-(ser)] LW core protein U84 proteoglycan
AN WUNNINTTANEsTes HS vidltuuiaasiasidou repeating disaccharide 164 GlcA-

GleNAC 4749% 40-100 A5 N1stiasidans heparan sulfate proteoglycan (HSPGs) fimiiunieTu
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m‘:muma‘ﬁug'mﬁhﬂ elumad 1Gun cell adhesion, migration, differentiation WAz cell
proliferation Fagrau co-receptor 'lﬁﬁ'uumﬂfmﬂr‘;ﬂ‘ﬁﬁ heparin binding region 8t U cytokine,
Apo E Uaz growth factor A IFDISUTL HSPGs Fandnailevinad wiadadtyoandrgunadly s
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Functions

Molecules

Growth Factors

Adhesive Matrix Proteins

Enzymes involved in Lipid Metabolism

Serine Protease Inhibitors

Other Proteins

FGF-1-9 .

HGF (Hepatocyte Growth Factor)
HBEGF (Heparin Binding Epidermal Factor)
VEGF (Vascular Endothelial Growth Factor)
Fibronectin

Vitronectin

Laminin

Collagens

Thrombospondin

Lipoprotein Lipase

Hepatic Lipase

Phospholipase

ApoB, ApoE

Antithrombin il

Heparin Co-factor Il

Protease Nexins

Superoxide Dismutase

Elastase

Platelet Factor 4

N-CAM

Transcription Factors

RNA Polymerase DNA Topoisomerase

Tumor Necrosis Factor
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Group Characterization

M0 Blast >90%, CD7/13/33 or MPO or SBB positive

M1 Blast >90% , Promyelocyte <10%

M2 Blast 30-89%, Promyelocyte >10%

M3 Immature myeloid cell >50% uazil hypergranular

M3 variant Immature myeloid cell >50% , Promyelocyte il granule LUIALAN
M4 Myeioblast AN polymorphonuclear cells 30-80% WaZ Monocytic cells >20%
M4eo \ddearl M4 wifl eosinophilia $9seiag

Mdbaso \iAerL M4 Wi basophilic maturation $axsingl

Mba Monoblast <80%

M5b Monoblast <80%

M6 Megaloblastic erythriod precursors

M7 Megakaryoblast >30%
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AML Cytochemistry Immunophenotyping % of
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1. mammanlululasues wawfiued
2. managaulushetadananfiansiudatentadumaiia

Indirect immunofluorescence WALALAI1ZYisiael Flow cytometer

AENMNIVARDY

1. mawsisaainlulaauas wauduas
¥ T L é - ¥ = A
RuataagnHANTASY 1E4-102 WaT4E6-1E1 S1umu 2 TranGiandstuedhulianlfiinag

] Lo 4 = , A . ' b 1 T & =5 o =
LASWEAIUUNIAMVAUA  indirect  immunofluorescence Q'l’lumﬂﬁummﬂnﬂﬂmeﬂmﬂnmnnﬂm
<& T [ «;ll . . ) 3 - < é’
FAINDATAANZATINNZIREN WA lymphoid Laz monocytoid willinaLanAniaduz Fawnzianaly

. ¥ " y .
a1el myeloid Wit TnenAesluamnadsmad CSDMEM (10%FCS/DMEMHg/OPI) 737 °C, 5 %
173 1 v i ¥
€02 ineniaadiadnyina Il Ay a¥vueuAveFeanunlRLNTAs FeaumasiIINAR e
] ) { :’J ’o’ 5 4 L)
Wil BuuneuFueininfign svmBaduiifuaimed (cell culture supematant) Afluausivaf

Wi ummeseuiusedwidesandihanzfauindanunasall

ar 1 <=4 4 ) & & =y
2. mavegauludrathafananfiheusfafimdanan
< o B b=
2.1 MAIFENIEARLAALADAUNY
38mMs
. |

1. iudethadeauariinszgninmadiladeudousssaniainda  aanwagilasngnssy |
Trawenunauunsauasdesun el heparin Wuasmudenuda
o n b d o
TN 800 g 1 10 widt ine i ld dauas buffy coat

: 4 o

hud 3 ARAae cold 1% BSA-PBS-NaN, Tuiifiu

Tuauauindasntg Tne'ld Turk's solution

o s e

UFuanunusimaasnunvianunBile 1107 cells/mL A2t cold 1% BSA-PBS-NaN
A 3
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221 minpmzingurasasiidaumsetiuunuauag granularity wasiHadly
msAnRaNng N ARz S

wanNMS

a1AemaNN1e  Indirect  immunofiuorescence N At lana LR
wadnzduladentn  SluanalmhnlossduzSudn@eruagunmovin fiendu
wauRLeAse liver HSPGs lafazduiaii Ag-Ab complex anAsinImsaam Ag-Ab
complex IAENA7LA rabbit anti-mouse lgs conjugated FITC a3l amadtasmsinisbes
naslael  Flow cytometor T,mﬂ'luma‘ﬁ’mLﬁann@:uLmﬁﬁ’m:mﬁ'ﬂm?ﬁmummmm:
granularity  8UTAS UNSARLRONNGUITA RN ﬁfi'mzi:umﬂﬁuzlfa"qmulmrgﬁfm:ﬁ

Aneuziii blast cell Beazdounalvejuazil granularity et

48n1s
1. ¥ AB serum Wildmanuidindugavinentli 20% va4 diluted buffy coat suspension
ranugIUT e L 30 ul Wit block Fe receptor LLAATAA
2. Furnen uazaide monoclonal antibodies THARN a4l microcentrifuge tube

1 L
W reaction AIUAAY HaNLALT ILIENTIULTIUAU 30 WA

Condition Master mix

Cell control Buffy coat 50 pL

Negative control Buffy coat 50 uL + CSDMEM 50 plL

Isotype control Buffy coat 50 pt + anti-P24

Conjugate control Buffy coat 50 pub + 1% BSA-PBS -NaN,

Test Buffy coat 50 uL + cell supernatant 50 L (2 clones)

o

3. AsunanTiudnedae cold 1% BSA-PBS -NaNaﬁ 12,000 rpm 1K 2 W7 BTN
§1uan 3 Ak

4. resuspend NAUSAE 50 WL 1% BSA-PBS -NaN,

5. AN rabbit anti-mouse Igs conjugated FITC (1:25) 50 L nenudoud lnudeli

AU 30 Wi
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6. Aruadadag cold 1% BSA-PBS-NaN, 71 12,000 rom w 2 17t Hidn
4 3 Ak

7. i OptiLyse B solution 50 plL wasW&IRaRaldA RT lufidlnum 10 unil

8. ATLAWANINGL 2 mL Taadaeld flow cytometric tube A%eas 1 mL 41an 2
p%e a7 RT Wudiiloni 10 widt

9. ATLIAETLA 2000 rpm 1 10 W7

10, wéandlaita w2l sheath fluid uasmaz 300 ne

11, WATIVNAMILLATEY flow cytometer

2.2.2 mstluduRanngurasueisaineld PE conjugated anti-CD33
WANN1S
a1@ndnNT? Indirect immunofiuorescence lwnsAnEialanamdLuREaduzi

dmdeanny  dlnensbrinfaseduzdudndenteannsvinfiseniuseufiuesse
liver HSPGs I9fiazdLMdilu Ag-Ab complex annTAYINN I Ag-Ab complex aanns
\#i4 rabbit anti-mouse Igs conjugated FITC avll mamadiamzinisBosualaald Flow
cytometor uazidannguiradioyld PE conjugate anti-CD33 31 CD33 TihueuRiaudoiing
Ilunguitad myeloblast, promyelocyte, myelocyte, metamyelocyte, monoblast W&z
monocyte AW marker Buusnluanisadluans Monomyeloid series aanannigadluane
7 unedmdennguimadiiuanidennguiiad?iiia PE conjugate ant-CD33 lAAmise
Fanndluanaluuinaduzfuiniennamminiianiuueuiueise liver

. o ¥
HSPGs AfiafinsdmfiuLauriueaveaastinna s MAdaNIsTaaLaI eI riseauas idviaand

985
1. 5in AB serum Wleanadndugevinentl 20% 164 diluted buffy coat suspension
wﬂuu&'qu;“{’qﬁﬂ%ﬁ 4°C W14 30 U 1ive block Fe receptor LLELTOd
2. Lﬁm‘mﬂ’l Waz/138 monoclonal antibodies mumqu Al mrcrocentnfuge tube

LW'am reaction AYLARN NﬁNLmeﬂuﬂNuﬂ W11 30 U
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Condition Master mix

Cell control . Buffy coat 50 ub

Negative control :  Buffy coat 50 pL + CSDMEM 50 L

Isotype control :  Buffycoat 50 L+ anti-P,,

Conjugate control : Buffy coat 50 nt + 1% BSA-PBS -NaN,

Test Buffy coat 50 nL + cell supernatant 50 uL (2 clones)

10.

11.
12.
13.

AsLATE e cold 1% BSA-PBS -NaN, 7 12,000 rpm wms 2 Wil %19
37U 3 ASd

Resuspend ndufae 50 ul 1% BSA-PBS -NaN,

WM rabbit anti-mouse Igs conjugated FITC (1:25) 50 pL naNudout e U
liiionm 30 wnfl

Astaantiudradan 1% BSA-PBS-NaN, 71 12,000 rpm w 2 wifl yindnduou 3
A%y

131 PE conjugated mouse anti-CD33 20 pL 'lmgmlm test, negative control LAz
conjugate control (Isotype control t#d PE conjugated IgG1) NﬂNLLé’QLL‘ﬂM&WLLﬁG
i 30 Wi

ATLATANAT 1% BSA-PBS -NaN, 7 12,000 rpm 4 2 17l Fdndum 3
Ay

IAx OptiLyse B solution 50 plL He LR RTIAR RT lufisiaun 10 Wt
AsLAFRNNNAL 2 mL Taadheld flow cytometric tube Afses 1 mlL d1uau 2
A%a Bl RT fifaunm 10 wift

ATLVIATINA 2000 fpmM WU 10 W

a7 LEURY sheath fluid anAAL 300 pL

U lAimssviuadiniezed flow cytometer

—_—— e e e e e e ——————————
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msAneaf 1 meAnelagldmestmunaunnas granularity 2R9LEAR UNSARIRANNEGHN
LERANTLF |
anmsAnenhaeiedn 25 mﬂ%ﬂrf’fi"umﬁﬁfaﬁfﬂﬁaﬂLLwwﬁé’ﬁmmmimaﬁ%‘ﬁmgmﬁﬂm
mglsindasqanssend Inauiontinsaanty 2 ngu An
1. fathalanszgn (Bone marrow) i flaeannlsn
- Non-Hodgkin lymphoma (NHL) 411491 10 18!
- Hodgkin disease (HD) 4114914 1 $e
2. fatiaden (Peripheral blood)
- Chronic myelocytic leukemia (CML) 7u49% 1 5181
- Acute lymphoblastic leukemia (ALL) 271471 5 378

- Acute myeloblastic leukemia (AML) 2714914 8 118!

WU control %ﬂuum‘lﬁ'uﬁ Cell control, Negative control, Conjugate control WAz
Isotype control luaaLURMMNA LALITAFTAAINTI19T89 NHLEWAY 10 118 HDSwMaW 1 7
CMLAMM 1 918 ues ALL S 5 110 WnaaurLiuaudteds 2 taau uansdrlisnmsusasesn
aaluianabinieuviiend e iver HSPGs uaa<lusnseT 6 uazgUa 7 mrindnsu
Twmnamseimadidaidentiotes AML S 8 1e magiaThssfadadestnauses
ARLE WINALINALLOLALOA IAAL 1E4-1C2 $949U 4 978 FukeuRueAlrau 4E6-1E1 uau 2 31t
wanabiiuininisuanseansestUsiunfiomedvaifaunnnsmadnlddae e ansiwazse
iver HSPGs Teluanalusitienailu liver HSPGs viieillanairaunedauiadnemiRasansani
UfiBenuasmsaainls usndlumined 6 wazgLin 8 mudns
atlsfimunisusnsaanuastianadnandmmans Bdnaueuiveiss iver HSPGs
Tl lmnmelFfumaidadaty AML TszyzwnsaamsAnenlinssmunmnauay
granularity 28Bad luNsAA@NNGuIIARNER Faan A IAlE PE conjugated anti-CD33 lunas

a-r ] o = 3 =, o a 1] 131
tufinguunaduziSaiaduasusfioudon iz CD33 iy marker fanfanunsomsranulslu

& =1 bl = o 5 o 9 $ 8 b 2
HINHALAAAUNITUANLADEA a'lmnmfu'lqum'lwu’mmu
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U Tuauaniitaganain| Tduaauidagausas
Adans
1E4-1C2 | 4E6-1E1 | 1E4-1C2 | 4E6-1E1

NHL 10 A . 10 10

HD 1 ] ; 1 1

ALL 5 ; - 5 5
CML 1 ; ] 1 1
AML 8 4 2 4 6
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Az granularity 180 IRA LNIAMBaNNguaRNZISY R9WE PE conjugated anti-CD33 luns
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1E4-1C2 | 4E6-1E1 1E4-1C2 4EB-1E1
Normal 5 - - 5 5
AML 7 4 0 3 7
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AARUIN

1. 10X Phosphate buffered saline (PBS) pH 7.2 (fums 4 L)

NaCl 320.0 gm -
KCL ' 8.0 gm
KH,PO, 8.0 gm
Na,HPO, 575 gm

azaneangeing] Muindurlszana 1,000 mi santialfu pH WA 7.2 Fae 1IN HCIvise 1N

NaOH u&nlAu Distifled water 1AL 4L

2. 1X Phosphate buffer saline (PBS) (1/311m7 500 mi)
10X {(PBS) pH 7.2 50 mL
Distilled water 450 mlL

3. 1N HCI (U5u@17 110 ml)
12N HCI 10 mL
Distilled water 110 mL

\An Concentrate HCI 10 mL &<l Distilled water 110 mL LIRS (Gifataih!

4. 1N NaOH (13u1®7 100 ml)
NaOH 4.0 gm
Distilled water 100 mL
a=any NaOH ‘u Distilled water pan e udorinBumsliasu 100 mL

5. 70% Alcohol (UFums 3L)
95% Alcohol 2948 mL
Distilled water 1,052 mL

\B4l Distilled water 8411 95% Alcohol udamanWidnmue UsuBunmnslvingw 3 L
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6. Dulbecco’s Modified Eagle's Medium (DMEM) (L337%15 1 L)

DMEM 1 saccher
NaHCO, 3.7 gm
Fungizone (5 mg/mL) 05 mL -
Gentamicin (40 mg/mL) 1.0 mL

azane DMEM i Distilled water 600 mL ANt Win NaHCO, s Widiiumnusas

Fungizone U&Y Gentamicin avlUmina sy L5 pH WS 7.0 dine 10% Acetic acid U5u

1Bumeding Distilled water Wimsy 1L virTUnspesae milipore 0.22 micron wdsldvasaan

4 y o
az 500 mLlu laminar airflow uazadaneaeuMluilonvesde 0.5 mL NamsanIT
& ¥ e o o ¥
tudleuneadalugen 37 °C, 5% CO, A THTWANME 95% Wu 3 Fudmiuanmisiaes

. .=:
wasnu AR 4°C

7. SDMEM (U3unms 1L)
DMEM ' 1000 mL
OPI Supplement medium 1 vial
UAIRNGIFTEN DMEM udovn OPI supplement medium s1avatandumag DMEM i
larninar airflow udavinlunan DMEM Tuaanduaumnn wanlidiii uivldannnnas
500 mL sasasmagaUMILutiewresda 0.5 mL tﬁﬂmm@m?ﬂm‘"ﬂammﬁﬂhﬁﬂu 37

&‘ o -8 < o 1 & & 4
°C. 5% CO, AHaudng 95% dmiuamndeseadiiulin 4°C

8. CSDMEM (1511513 100 mL)
SDMEM 90 mL
Fetal calf serum 10 ml.
11 Fetal calf serum 10 mL 1l SDMEM 90 mL i laminar airflow s lidnie udnuL
dvammpseumstuilewuesds 0.5 mL Lﬁ"@mm@nwﬂwﬁﬂwmN.%ﬂ‘lur;ﬁ@u 37 °C, 5%

4 T i
CO, ANMNIUANTNES 95% dmiLmnsiRaasanstiulin 4°C
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10. 1% BSA-PBS-Azide (L5H1%3 1 L)

1X PBS 1.0 L
BSA , 10 gm
NaN, 1.0 gm

azANe BSA uaz NaN, lu Distilled water 1331m91l530n08 500 mL WENAU BSA AZAEMUA

Wit ndrU i Fuams a1 L

L4
Esaabaal)
A \Go.unatuutnal0lloouo|o-wulohbm'

[=] oL
Fo R VT N T T T »N':»SJM =3 . H
el iwﬂnumu&.i w il 3o u;iuﬁiﬂﬂ%ﬂ
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Research in progress

1.

Characterization of monoclonal antibodies specific to human liver heparan sulfate
proteoglycans: The development of reagent kit for diagnosis of liver damage and the
study of inhibition effects on tumor implantation and metastasis™ .

yistanalszinnusiiiin dssdntlussanni 2549 siaiilea 3 T (2549-2551)

2. Expression of human liver HSPG on myeloid leukemic cells
nuAdtanuUszRue Idamsmatian sunwns Uszdnthulszann 2549

3.  Differentiation of myeloid leukemia by anti-human liver HSPG
MR INETINUAMzNITINIaTUAYEN 3998 TAsenns IRPUS tszantinnsfinu 2548
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