
THE INFLUENCE OF TISSUE THE INFLUENCE OF TISSUE 
(IN)COMPATIBILITY IN UMBILICAL CORD (IN)COMPATIBILITY IN UMBILICAL CORD 

BLOOD TRANSPLANTATIONBLOOD TRANSPLANTATION

MatjaMatjažž JerasJeras
BloodBlood TransfusionTransfusion Centre Centre ofof SloveniaSlovenia

TissueTissue TypingTyping CenterCenter
ŠŠlajmerjeva 6, 1000 Ljubljana, lajmerjeva 6, 1000 Ljubljana, SloveniaSlovenia

matjaz.jeras@ztm.simatjaz.jeras@ztm.si



ADVANTAGES OF UCBADVANTAGES OF UCB

•• practicallypractically limitlesslimitless supplysupply withwith adequateadequate representationrepresentation ofof
variousvarious racesraces andand ethnicitiesethnicities;;

•• no no donordonor attritionattrition ((ageingageing, , lossloss ofof interestinterest, , relocationrelocation, ...);, ...);
•• easeease andand safetysafety ofof collectioncollection andand longlong--term term preservationpreservation, , 

allowingallowing rapidrapid availabilityavailability;;
•• reducedreduced viralviral contaminationcontamination ofof graftsgrafts;;
•• exex vivovivo expansionexpansion ofof HSC HSC possiblepossible ((highhigh proliferativeproliferative

potentialpotential))
•• immaturityimmaturity ofof T T cellscells, , diminisheddiminished capacitycapacity ofof APCsAPCs andand

uniqueunique cytokinecytokine profilesprofiles;;
•• reducedreduced incidenceincidence ofof acuteacute & & chronicchronic GvHDGvHD in spite in spite ofof 1 or 1 or 

more HLA antigen more HLA antigen mismatchesmismatches betweenbetween donorsdonors andand
recipientsrecipients..



DISADVANTAGES OF UCBDISADVANTAGES OF UCB

•• insufficientinsufficient nucleatednucleated cellcell dosedose resultingresulting in in delayeddelayed
engraftmentengraftment andand increasedincreased ratesrates ofof graftgraft failurefailure in in largerlarger
paediatricpaediatric andand adultadult patientspatients; ; possiblepossible solutionssolutions: : exex vivovivo
expansionexpansion ofof UCB HSC UCB HSC andand thethe useuse ofof multiplemultiple unitsunits ofof UCB; UCB; 

•• uncertainuncertain GvLGvL activityactivity andand longlong--term term graftgraft durabilitydurability; ; 
possiblepossible solutionsolution: : thethe useuse ofof exex vivovivo expandedexpanded UCB UCB derivedderived
NK NK cellscells..

•• riskrisk ofof EBVEBV--associatedassociated posttransplantationposttransplantation
lymphoproliferativelymphoproliferative disorderdisorder (PTLD);(PTLD);

•• inabilityinability to to obtainobtain donordonor leukocytesleukocytes in in casecase ofof relapserelapse, PTLD , PTLD 
or or otherother possiblepossible complicationscomplications.  .  



MAJOR HISTOCOMPATIBILITY MAJOR HISTOCOMPATIBILITY 
COMPLEX (MHC)COMPLEX (MHC)

•• highlyhighly polymorphicpolymorphic HLA HLA genesgenes: A, B, C, : A, B, C, 
DRB1/3/4/5, DQA1, DQB1, DPA1, DPB1DRB1/3/4/5, DQA1, DQB1, DPA1, DPB1

•• linkagelinkage disequilibriumdisequilibrium: : whenwhen 2 or more 2 or more genesgenes on on thethe
same same chromosomechromosome are are foundfound closelyclosely togethertogether more more 
oftenoften thanthan expectedexpected regardingregarding to to theirtheir individualindividual
frequenciesfrequencies in a in a givengiven populationpopulation.  .  
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STRUCTURE OF HLA CLASS I AND STRUCTURE OF HLA CLASS I AND 
CLASS II MOLECULESCLASS II MOLECULES

•• HLA HLA classclass I I antigensantigens: A, B : A, B andand
C C -- presentingpresenting i.c. i.c. antigensantigens
((peptidespeptides).).

•• HLA HLA classclass II II antigensantigens: DR, : DR, 
DQ DQ andand DP DP –– presentingpresenting e.c. e.c. 
antigensantigens ((peptidespeptides).).

•• bothboth are are strongstrong alloantigensalloantigens. . 



WHO HLA NOMENCLATUREWHO HLA NOMENCLATURE

NomenclatureNomenclature IndicatesIndicates

HLAHLA thethe HLA HLA regionregion andand prefixprefix forfor anan HLA gene HLA gene 

HLAHLA--DRB1DRB1 a a particularparticular HLA HLA locuslocus

HLAHLA--DRB1*13DRB1*13 a a groupgroup ofof allelesalleles whichwhich encodeencode DR13 antigenDR13 antigen

HLAHLA--DRB1*1301DRB1*1301 a a specificspecific HLA HLA alleleallele

HLAHLA--DRB1*1301NDRB1*1301N a a nullnull alleleallele

HLAHLA--DRB1*130102DRB1*130102 anan alleleallele whichwhich differsdiffers byby a a synonimoussynonimous
mutationmutation

HLAHLA--DRB1*13010102DRB1*13010102 anan alleleallele whichwhich containscontains a a mutationmutation outsideoutside
thethe codingcoding regionregion

HLAHLA--DRB1*13010102NDRB1*13010102N a null allele which contains a mutation outside a null allele which contains a mutation outside 
the coding region the coding region 



DIFFERENT LEVELS OF HLA TYPINGDIFFERENT LEVELS OF HLA TYPING

SerologySerology/antigen/antigen DNA DNA typingtyping//alleleallele

A2A2 A*0201A*0201
A*0205 ...A*0205 ...

B7B7 B*0702B*0702
B*0703 ...B*0703 ...

DR4DR4 DRB1*0401DRB1*0401
DRB1*0402 ...DRB1*0402 ...

Designates allele groupsDesignates allele groups
defined by low resolution defined by low resolution 
DNA typingDNA typing



DEFINITION OF HLA DEFINITION OF HLA ““MATCHMATCH””

Match levelMatch level DonorDonor

Allele matchAllele match A*2301A*2301

Low resolution DNA Low resolution DNA 
typingtyping

A*23A*23

Serology defined Serology defined 
split antigensplit antigen

A23(9)A23(9)

Serology defined Serology defined 
broad antigenbroad antigen

A9A9

Serologic mismatchSerologic mismatch A2A2

Potential allele Potential allele 
matchmatch

Antigen & alleleAntigen & allele
mismatchmismatch

A*2301 PatientA*2301 Patient



INHERITANCE OF HLA HAPLOTYPESINHERITANCE OF HLA HAPLOTYPES



THE OPTIMAL MATCH IN UBMTTHE OPTIMAL MATCH IN UBMT

•• still not known exactly (8/8, still not known exactly (8/8, 
10/10, 12/12); 10/10, 12/12); 

•• studies evaluating survival studies evaluating survival 
regarding the influence of alleles regarding the influence of alleles 
within different HLA loci within different HLA loci –– lack lack 
of exclusive HLAof exclusive HLA--DQ and/or DQ and/or ––DP DP 
impact on survival; impact on survival; 

•• may depend on age, disease, stem may depend on age, disease, stem 
cell source, blood groups, etc. as cell source, blood groups, etc. as 
well;well;

HLA Gene Match
A allele
B allele
C allele
DRB1 allele
DRB3/4/5 -
DQ(A1+B1) (allele)
DP(A1+B1) -



DETECTION OF HLA MATCHED DETECTION OF HLA MATCHED 
UNRELATED HSC DONORSUNRELATED HSC DONORS

340 possible
combinations

1615 possible 
combinations



HLA ALLELES AND HAPLOTYPES ARE HLA ALLELES AND HAPLOTYPES ARE 
ETHNICALLY SPECIFICETHNICALLY SPECIFIC

•• some some allelesalleles are are frequentfrequent withinwithin
a a givengiven populationpopulation butbut othersothers
are are extremelyextremely rarerare (gene (gene andand
haplotypehaplotype frequenciesfrequencies shouldshould bebe
carefullycarefully consideredconsidered))



MISMATCHED TRANSPLANTSMISMATCHED TRANSPLANTS

•• shouldshould bebe consideredconsidered forfor patientspatients withwith rarerare
allelesalleles//haplotypeshaplotypes thatthat havehave a a slimslim chancechance forfor findingfinding anan
unrelatedunrelated HLA HLA identicalidentical donordonor;;

•• acceptableacceptable in in termsterms ofof thethe typetype andand thethe stagestage ofof diseasedisease, , 
ageage ofof thethe patientpatient, , transplanttransplant protocolprotocol, , stemstem cellcell sourcesource, , 
etcetc..

•• are are allall HLA HLA mismatchesmismatches equalequal ((differentdifferent lociloci, , antigensantigens, , 
allelesalleles)?)?

•• mismatchesmismatches are are riskrisk factorsfactors ((GvHDGvHD) ) butbut carefullycarefully selectedselected
onesones cancan resultresult in in goodgood transplantationtransplantation outcomeoutcome;;

•• butbut thenthen, , whichwhich mismatchesmismatches are are reallyreally acceptableacceptable??
•• specialspecial situationsituation in UCBT in UCBT 



THEORETICAL APROACH TO ALLELIC THEORETICAL APROACH TO ALLELIC 
MISMATCH IMPACTSMISMATCH IMPACTS

DissimilarityDissimilarity indexindex ((positionposition andand ((disdis))similaritysimilarity ofof aaaa disparitiesdisparities betweenbetween comparedcompared
allelesalleles are are consideredconsidered) ) -- EurEur J J ImmunogeneticsImmunogenetics 2002; 29: 2292002; 29: 229--36.36.
* * aaaa disparitiesdisparities at at positionposition 116 116 ofof HLA HLA classclass I I heavyheavy chainchain increaseincrease riskrisk forfor GvHDGvHD

andand TRM in UBMT (100 D/R TRM in UBMT (100 D/R pairspairs) ) –– BloodBlood 2001; 98(10): 31502001; 98(10): 3150--55.55.

**



STUDIES OF ALLELIC MISMATCH STUDIES OF ALLELIC MISMATCH 
IMPACT ON PEPTIDE BINDING AND IMPACT ON PEPTIDE BINDING AND 

ALLOREACTIVITY ALLOREACTIVITY IN VITROIN VITRO
•• thethe onlyonly differencedifference betweenbetween

B*4402 B*4402 andand B*4403 B*4403 
(Asp156/Leu156)(Asp156/Leu156)

•• althoughalthough theythey shareshare > 95 % > 95 % 
ofof theirtheir peptide peptide repertoirerepertoire
B*4403 B*4403 presentspresents more more 
uniqueunique peptidespeptides thanthan
B*4402 B*4402 –– strongerstronger
alloreactivityalloreactivity towardtoward
B*4403B*4403

•• thethe minimalminimal plymorphismplymorphism
betweenbetween thethe twotwo allelesalleles
modifiesmodifies bothboth peptide peptide 
repertoirerepertoire andand T T cellcell
recognitionrecognition resultingresulting in in 
paradoxicallyparadoxically powerfulpowerful
alloreactivityalloreactivity

J J ExpExp Med 2003; 198(5): 679Med 2003; 198(5): 679--91 91 

B*4402

B*4403

B*4402: B*4402: CwCw*0501 or *0501 or CwCw*0704*0704
B*4403: B*4403: CwCw*0401, *0401, CwCw*1403 or*1403 or

CwCw*1601                         *1601                         

B44 B44 alleleallele matchedmatched pairspairs::
12 % mm at 12 % mm at thethe CC--locuslocus !!!!!!



IN VITRO STUDIES OF SINGLE AND IN VITRO STUDIES OF SINGLE AND 
COMBINED HLA MISMATCH DRIVEN COMBINED HLA MISMATCH DRIVEN 

ALLOREACTIVITYALLOREACTIVITY

•• HTLpHTLp frequenciesfrequencies –– in in 
vitrovitro assessmentassessment ofof HLA HLA 
classclass II II –– drivendriven
alloreactivityalloreactivity

•• DRB1*0401 DRB1*0401 andand
DRB1*0404 DRB1*0404 differdiffer in in twotwo
aaaa residuesresidues at at positionspositions
71 (71 (LysLys//ArgArg) ) andand 86 86 
((GlyGly/Val) /Val) respectivelyrespectively

•• CombinedCombined intraintra-- andand
interinter--locuslocus mismatchesmismatches
are are generatinggenerating higherhigher
alloreactivityalloreactivity

1 1 –– S: DRB1*0401S: DRB1*0401
R: DRB1*0404R: DRB1*0404

2 2 –– S: DRB1*0404S: DRB1*0404
R: DRB1*0401 R: DRB1*0401 

A: 0 (n=4)A: 0 (n=4)
B: 1B+2B (n=3)B: 1B+2B (n=3)
C: 1DQ+1B,1DQ (n=5)C: 1DQ+1B,1DQ (n=5)
D: 1DP (n=29)D: 1DP (n=29)
E: 1B,1DP+1DP,1DQ+1B,1DP,1DQ (n=5)E: 1B,1DP+1DP,1DQ+1B,1DP,1DQ (n=5)
F: 2DP+2DP,1DQ (n=5)F: 2DP+2DP,1DQ (n=5)
G: 1B,1DR+1B,1DR,1DQ+G: 1B,1DR+1B,1DR,1DQ+

1B,1DR,1DQ,1DP (n=7)1B,1DR,1DQ,1DP (n=7)
H: H: AllAll



SINGLE ALLELE MISMATCH CAN SINGLE ALLELE MISMATCH CAN 
INFLUENCE PATIENT SURVIVAL IN INFLUENCE PATIENT SURVIVAL IN 

UBMTUBMT

•• A*0201 A*0201 andand A*0205 A*0205 frequentfrequent, , 
A*0206 A*0206 rarerare in in caucasoidcaucasoid
populationpopulation

•• thethe influence influence ofof singlesingle alleleallele
mismatchmismatch on on survivalsurvival ofof CML CML 
patientspatients

MorishimaMorishima etet alal., 13th IHWC: ., 13th IHWC: PreliminaryPreliminary datadata



IMPACT OF HLA CLASS I AND II IMPACT OF HLA CLASS I AND II 
MATCHING ON OUTCOMES OF UBMTMATCHING ON OUTCOMES OF UBMT

•• FlomenbergFlomenberg etet alal.. BloodBlood 2004; 104(7): 19232004; 104(7): 1923--3030 ::
retrospectiveretrospective studystudy ofof effectseffects ofof lowlow andand/or /or highhigh resolutionresolution
HLA HLA matchingmatching on on engraftmentengraftment, , GvHDGvHD andand mortalitymortality in 1874 in 1874 
donordonor recipientrecipient pairspairs. . OverallOverall resultsresults: : highhigh--resolutionresolution ((alleleallele) ) 
mismatchesmismatches (mm) at HLA(mm) at HLA--A,A,--B,B,--C C andand DRB1 DRB1 adverselyadversely affectaffect
thethe outcomeoutcome, , butbut lessless so so thanthan lowlow--resolutionresolution mm; mm at mm; mm at 
HLAHLA--DQ or DQ or ––DP DP diddid not not significantlysignificantly affectaffect thethe outcomeoutcome..

•• PetersdorfPetersdorf etet alal. . BloodBlood 2004;2004; 104(9): 2976104(9): 2976--80 80 ::
associationassociation ofof mortalitymortality withwith HLAHLA--A,A,--B,B,--C,C,--DRB1 DRB1 andand DQB1 DQB1 
mismatchingmismatching in 948 in 948 donordonor recipientrecipient pairspairs. . OverallOverall resultsresults: : 
singlesingle alleleallele or antigen mm, in or antigen mm, in particularparticular HLAHLA--C, is C, is 
associatedassociated withwith increasedincreased mortalitymortality amongamong transplantedtransplanted
CML CML patientspatients; ; increasedincreased mortalitymortality waswas alsoalso observedobserved withwith
multiplemultiple mm mm involvinginvolving HLAHLA--DQB1 DQB1 comparedcompared to to multiplemultiple mm mm 
not not involvinginvolving DQB1.   DQB1.   



UMBILICAL CORD BLOOD UMBILICAL CORD BLOOD 
TRANSPLANTSTRANSPLANTS

•• UCBT UCBT forfor patientspatients not not 
findingfinding suitablesuitable HLA HLA 
compatiblecompatible unrelatedunrelated
HSC HSC donordonor..

•• UCB UCB unitsunits withwith 1, 2 or 1, 2 or 
eveneven more more differentdifferent
antigenicantigenic andand allelicallelic
HLA HLA interinter-- or or intraintra--
locuslocus mismathesmismathes cancan bebe
chosenchosen forfor
transplantationtransplantation; ; 

HongHong KongKong Med J 2004 10(2): 89Med J 2004 10(2): 89--95 95 



N N EnglEngl J Med 1996 355(3): 157J Med 1996 355(3): 157--66 66 



OUTCOME COMPARISON BETWEEN OUTCOME COMPARISON BETWEEN 
UCBT AND UBTUCBT AND UBT

BloodBlood ReviewsReviews 2004; 18: 167 2004; 18: 167 --7979



POSSIBLE MECHANISMS OF REDUCED POSSIBLE MECHANISMS OF REDUCED 
ALLOREACTIVITY OF UCBALLOREACTIVITY OF UCB

•• general general immaturityimmaturity ofof thethe neonatalneonatal immuneimmune systemsystem
•• highhigh proportionproportion ofof naivenaive T T cellscells (CD45RA)(CD45RA)
•• imaturityimaturity ofof APC, APC, especiallyespecially monocytemonocyte functionfunction
•• differentdifferent, , lessless proinflamatoryproinflamatory cytokinecytokine profilesprofiles
•• immatureimmature, , lessless alloreactivealloreactive nucleatednucleated cellscells in in thethe graftgraft cancan

generategenerate mechanismsmechanisms ofof tolerance to tolerance to alloantigensalloantigens.    .    



UC AND UCB AS A SOURCE OF OTHER UC AND UCB AS A SOURCE OF OTHER 
CELLS CELLS 

•• NK NK cellscells cancan bebe selectivelyselectively
differentiateddifferentiated outout ofof in in 
vitrovitro expandedexpanded CD14CD14++ UCB UCB 
derivedderived stemstem cellscells andand used used 
forfor adoptiveadoptive imunotherapyimunotherapy
((GvLGvL withoutwithout GvHDGvHD ?).  ?).  

•• MesenchymalMesenchymal stemstem cellscells
(MSC) (MSC) cancan bebe isolatedisolated fromfrom
UCB UCB andand/or UC /or UC andand
expandedexpanded in vitro; in vitro; theythey cancan
bebe used as used as suppressivesuppressive
modulatorsmodulators ofof alloimmunealloimmune
responsesresponses in UCBT. in UCBT. 



NK CELL ACTIVATING AND NK CELL ACTIVATING AND 
INHIBITORY RECEPTORS (KIR) AND INHIBITORY RECEPTORS (KIR) AND 

THEIR LIGANDSTHEIR LIGANDS

NKNK--cellcell MHC MHC specificspecific receptorsreceptors NonNon--MHC MHC specificspecific NKNK--cellcell receptorsreceptors

TrendsTrends in in ImmunologyImmunology 2004; 25(6): 3282004; 25(6): 328--33 33 



NK CELL TARGET KILLINGNK CELL TARGET KILLING

GroupGroup 1 HLA1 HLA--C C antigensantigens (Ser77Asn80): Cw1, Cw3, Cw7, Cw8     KIR2DL2, KIR2DL3   (Ser77Asn80): Cw1, Cw3, Cw7, Cw8     KIR2DL2, KIR2DL3   
GroupGroup 2 HLA2 HLA--C C antigensantigens (Asn77Lys80): Cw2, Cw4, Cw5, Cw6     KIR2DL1(Asn77Lys80): Cw2, Cw4, Cw5, Cw6     KIR2DL1
HLAHLA--Bw4      KIR3DL1Bw4      KIR3DL1
HLAHLA--A3, HLAA3, HLA--A11     KIR3DL2A11     KIR3DL2

BloodBlood 2002; 100(6): 19352002; 100(6): 1935--47 47 



CONCLUSIONCONCLUSION

•• regardlessregardless thethe factfact thatthat multiplemultiple HLA HLA antigenicantigenic//allelicallelic
mismatchesmismatches are are acceptableacceptable in UCBT, in UCBT, wheneverwhenever possiblepossible, , thethe
most most highhigh--resolutionresolution matchedmatched UCB UCB unitsunits shouldshould bebe chosenchosen
forfor transplantationtransplantation;;

•• recentlyrecently, UCBT , UCBT hashas becomebecome importantimportant alsoalso forfor adultadult
patientspatients -- in vitroin vitro expansionexpansion ofof HSC or HSC or thethe useuse ofof twotwo
differentdifferent UCB UCB unitsunits to to increaseincrease thethe numbernumber ofof transplantedtransplanted
cellscells andand thereforetherefore to to improveimprove thethe engraftmentengraftment;;

•• potentialpotential useuse ofof UCBUCB--derivedderived NK (NK (GvLGvL) ) andand mesenchymalmesenchymal
stemstem cellscells ((immunomodulationimmunomodulation ofof alloreactivityalloreactivity).).
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