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Conclusions 3. Mastocytoma Cells 4. Engineering Recombinant Heparin
Heparin is an essential drug sourced from a.nlr.nal tissues placm.g. the supply atrisk Producing recombinant heparin requires engineering the heparan sulfate The heparan sulfate biosynthetic pathway of MST cells Engineered MST Colonies ﬁ‘c’;:/?iepa;t'x(jl ﬁzgi?gepaeihlézte
All c.eIIs produce heparan sulfate but heparin is produced s..peuﬁc.ally by mast cells biosynthetic pathway (2). was genetlcallyoengmeer.ed using Ienpwral transduction in Genotype Tested | el protein (mU/me)
Engineered mas.tocytoma cells prc?duce heparan.sulfate with anticoagulant + Glycosyltransferases polymerize a chain of repeating N-acetylglucosamine DMEM/F12+15% FBS to increase antlcoa.gulant Pote.ncy. T a1 s \g
potency exceeding that of unfractionated heparin (GIcNAc) and glucuronic acid (GlcA) disaccharide units * Hs3stl was overexpressed alone and in combination
Producing recombinant heparin is a feasible alternative to animal sources « A C5 epimerase converts some GlcA to iduronic acid (IdoA) with Hs6st1, Hs6st2 and/or Ndst2 B +Hs3stl+Hs6stl 130 523 4.27
_ o Gj - C +Hs3st1+Hs6st2 28 160 0.9
* Sulfotransferases (Ndst1-4, Hs2st, Hs3st1-6, Hs6st1-3) install sulfate groups at Single cell colonies were genotyped by PCR FRs3StLAHsOSt :
1. The Heparin Problem specific positions * Heparan sulfate anti-Xa activity produced in DMEM/ D +Hs3st1+Ndst2+Hs6stl 16 155 2.32
. .. . +150°
Heparin has been used in the clinic to manage blood clotting since the 1930s and is * Biosynthesis is non-template driven T F12| 15/) FBS was fsstayde](czl (seetTabee) - . Bl DMEM/F12+15% FBS Bl DMEM/F12+15% FBS
included on the World Health Organization’s list of essential medicines. Hundreds  Composition is determined largely by the expression level of biosynthetic Op COTONIES were.se C ej rom .ra.ns ec.: _0”5 =) [ CDM4NSO 5 2500- [] CDM4NSO
.. . A and B to determine anti-Xa specific activity > =) ) T I
of thousands of doses are administered in the US each day. o | enzymes L . = 5 2000 . A
* Heparin is purified from porcine intestinal mucosa | Je=-TE i - i : : and total activity yield of heparan sulfate in g " S 1500-
P P | P | | | e A spepﬁc penta.saccharld.e seo!uer.\ce.mcludmg lY-, 3.—0- and 6?O—sulfa’Fe IS DMEM/F12+15% FBS and CDM4NSO (serum p z
. th?st of the world’s supply comes from animal populations in required for anticoagulation via binding and activation of antithrombin (ATIII) free). Cell lines transduced with Hs3st1 only (% . i: 1000-
China | (3). HS65T1-3 BGicNAc @=GicA S=ldoA O=Gal H=xyl had lower activity in CDM4NSO. Cell line B7A S :
 The supply depends on the health and abundance of the pig l . was chosen because of its high activity in £ O-o;\ T ETY - o«o o -é‘ol«v 3 -II—'J-& p -;l- p,
y N £ 5 N ’
population 6s 65 165 6s { J chemically defined medium. VT oy WY 0o TR O Wele oo
* Widespread disease in pig populations limited supply in 2008 Bose 134%@42@5&4-&40 B4 N.smimg a4§a4 B os @ pa n.uaOﬁBQﬁa Opa ¥ B Cell Line Cell Line
 Accompanying adulteration of crude heparin resulted in >250 35 o i _
deaths (1) NDSTT1_4 | HS!ST 5. Characterizing Recombinant Heparin
EheNew fork Eimes . | 3T 100- m noome || Heparan sulfate was produced from MST B7A cells grown in CDM4NSO. The anti-Xa/anti-lla specific activity, sulfate
U.S. Identifies lainted Heparin in 11 Countries v ' | | i 80- B N-suffate content and average chain length was determined and compared to porcine derived unfractionated heparin (UFH).
e e ammatian ¢efls Lommonly Usec Tor 60+ E 2823:2:2 3 mg/kg UFH and B 7A heparan sulfate were injected subcutaneously into mice (n=4 per group). Blood was collected

e African swine fever in 2018 cut China’s pig population by one- bioproduction make heparan sulfate

with much lower sulfate content from the mice at 0.5, 1 and 3 hours post injection.
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Continued dependence on an animal population puts the supply of heparin at risk. thar\ heparin and had no ] g 1% 3 20 [ PBS
anticoagulant potency. A naturally - < - ] B7A 2 B B7A
arising mastocytoma (MST) was & & E_’. S B Heparin = = 15 B Heparin
2. Recombinant Biotherapeutic Production isolated from mice. The cells grow oo S g e % g
g — 9o 2 1
Recombinant DNA technologies have enabled production of protein therapeutics readily in cultgre. (4) Heparan = E el Anti-lla activity (U/mg) 311 209 == ¥ E =
under scalable, GMP conditions, independent of animal products. Despite these sulfate analysis showed that MST = 100 ?& 20 < £ >0
advances, heparin continues to be produced from animals. cells produce he;.)ar.an sulfate W.ith C ) | B o UL 3 00
* Heparin is a highly sulfated polysaccharide sbu :atiﬁonter}t 5|m|Iz;r t0 helpatcm g 0 Chain size Mw (kDa) 264 | 17.1 O%o@ é,@o@ O,@o@ O,@o@ Q&\\& Q{Q\Q@ Q{Q\&
* Heparinis produced in a biosynthetic pathway involving dozens of enzymes a::Jti\\/l;ltly. VEry ToW aniEbagtian £ 1 l o N v E © NS
 Heparin is made specifically by mast cells which cannot be readily cultured &@0 ébé@ o «\&6\ ébée %@\\ %@@
e Other mammalian cells make heparan sulfate with lower sulfate content and <o ] References
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cells to make a heparin-like product with high anticoagulant activity that can be analysis also showed that 6-O-sulfate content was lower in MST heparan sulfate Acknowledgements
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