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Abstract. The structure of an HLA A2 4 functional vari
ant (A2 4c) expressed on donor KL.O has been examined
by comparative peptide mapping with other HLA A2 anti-
gens of known structure and radiochemical sequencing
All the peptide differences between A2 4c and A2 1 could
be accounted for by five amino acid changes at positions
9, 43, 66, 95, and 156 The natuie of residues 9, 43, and
95 1 A2 4c was determined by sequencing to be 1dentical
to those in A2 2Y The nature of residue 156 m A2 4c
was also assigned as 1dentical to that in A2 2 on the basis
of the 1dentity of the corresponding peptide 1n 1ts chro-
matographic comparison with A2 2Y Position 66 was
unique to A2 4c¢ It was determined to be an Asn residue
mnstead of the Lys present 1n all other HLA-A2 antigens
of known structure This was the only detected amino acid
difference between A2 4cand A2 2Y The results indicate
that, from a structural point of view, A2 4c 1s most closely
related to the A2 2 subtype antigens and not to other A2 4
antigens The data are compatible with the assumption that
A2 4¢ was derived from A2 2Y by a single point mutation
event

Introduction

Class 1 HLA antigens which appear to be virtually
homogeneous by tissue typing serologic reagents aie, in
a number of cases, amenable to further subdivision by
cytolytic T lymphorytes (CTL), 1soclectric focusing
(IEF), or other critetia The molecular analysis of this het-
erogeneity provides a basis to outline the pathways of
HLA diversification and to examine the mfluence of limut-
ed structural changes m modulating the specificity of CTL
recogmtion Both of these aspects are particularly well 1l-
lustrated i the case of HLA-A2 Smce the 1mitial observa-
tion that nfluenza-virus-specific, HLA-A2 1estricted
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CTL failed to kill some virus-infected A2 target cells (Bid
dison et al 1980), numerous studies have contributed to
establish that HLA-AZ2 1s a famuily of functionally and bio-
chemically distingwishable protemns Comprehensive
studies using alloreactive CTL populations and IEF de-
fined four subtypes designated A2 1, A2 2, A2 3, and
A2 4 (vander Poeletal 1983) These subtypes were also
partially distinguished by HLA A2-restricted CTL 1n a
variety of antigenic systems such as influenza and Epstein-
Barr viruses and minor H-Y and HA histocompatibility
antigens (Biddison et al 1982, Gaston et al 1983,
Goulmy et al 1984) Further heterogeneity within some
of these subtypes has been detected with both allormmune
and self-restricted antigen-specific CTL, as well as with
monoclonal antibodies (Gotch et al 1985, van der Poel
et al 1986, Kennedy et al 1987)

The structures of HLA-A2 1 (Koller and Orr 1985),
the two known variants of A2 2 (A2 2F and A2 2Y), and
A2 3 have been determined A2 2F differs from A2 1 by
three amino acid replacements at positions 43, 95, and
156, A2 2Y having an additional change at position 9
(Mattsonetal 1987, Holmesetal 1987) A2 3and A2 1
differ i three clustered changes at positions 149, 152,
and 156 (Krangel etal 1983, Mattsonetal 1987) A rare
variant, OZB, defined functionally as A2 1 but having a
behavior mm IEF-Iike A2 3 (van der Poel et al 1986), was
shown to differ from A2 1 by a single amino acid change
at position 236 1 the o3 domain (Castafio et al 1988)
The HLLA-A2 4 subtype includes several variants that are
distinguishable from A2 1 and among themselves by
CTL, but not by IEF (van der Poel etal 1986) The struc
ture of two A2 4 antigens, expressed on CLA (A2 4a) and
KNE cells (A2 4b), has been analyzed by peptide mapping
and protein sequencing, and each was found to differ from
A2 11nasingle amino acid residue at position 9 (Ezquerra
et al 1986) or 99 (Domenech et al 1988), respectively

Here we report on the structure of a third A2 4 varant
KLO (hereon referred to as A2 4c) Unlike A2 4a and
A2 4b, A2 4c 1s structurally closer to the A2 2 subtype,
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differing from A2 1 1n five amino acid sequence posttions
and from A2 2Y by one single amino aad change

Materials and methods

Purtficanon of radiochemicaltly labdled IHEA A2 heavy chams The lym
phoblistord «cll lines 1Y (HLA A2 1 B7) W149 (HIA A22Y
Bw58) and KIO(HI A Al A2 4c B8 Bw50) werc used as the souce
of nustenial The ridiochenncal punificiwon of all A2 heavy chams was
petformed by immunopreapitation with the  A2/Aw69 spectfic
monocional antibodv PA2 1 (Parhatn and Bodmer 1978) and anti dena
tured HLA A B heavy chain scrum as described (Frquenia et al 1986)

Pepurde mapping and sequencing The structural analysis of HLA A2 4¢
by comprative peplide mapping and radiocheniical sequencing was as
deseribed (Frquenacial 1986) Tryptic maps of jointly digested A2 1
or A2 2Y and A2 4¢ heavy chamns were obtained by high performance
hguid comatography (HPLC) 1n @ gradient of ammomum acetaie and
acetonitrile as deseribed in detail csewhere (Vega et al 1985) Further
fractionation of some unrusolved poptide nuxtures was carried out 1n
HPLC with ¢ grudicnt of acctonttrile and trifluoraceuc acid followmg
a desenbed procedure (Rojo ot al 1987)

Results

A2 4e o5 structurally related to the A2 2 subtype The ini-
tial strategy used for the stiuctural characterization of
A2 4cinvolved 1ts biochemical comparison with A2 1 by
double-label tryptic mapping of Lys- and Arg labeled pep-
tides These two amino acids label all tryptic peptides
from both molecules except the carboxyl-terminal ones
The result of such comparison 1s shown in Figure | The
Lys-labeled map showed two 14C-labeled difterence pep-
tides, K2 and K7, and a *H labeled differcnce peptide,
K3 The Arg-labeled map displayed a more complex pat-
tern of differences, with five 14C-labeled (RS, R12, R28,
R29, and R32) and five *H-labeled (R7, RY9, R13, R30,
and R31) difference peaks R30 was a mixture of two 3H-
labeled difference peptides as assessed by rechromatogra-
phy of this peak material under different chromatographic
conditions (not shown) Sequencing ol the A2 4¢ peptides
R7 and R9 yiclded ‘H-radivactivity at cycles 8 and 1,
respectively (Fig 1C) As will be shown below, these data
indicate that R7 and R9 are the peptides spanning residucs
36-43 (FDSDAASR) and 44-48 (RMEPR), respectively,
and that Glngs in A2 1 was changed to Arg,; in A2 4c
To identify the nature of the difference peptides shown
n Figure 1, Ala-~, Irp-, Leu , and Tyr labeled maps were
obtamed The Ala-labeled map (Fig 2A) showed three
14C labeled (A3, AS, and A15) and thice H-labeled (A2,
A6, and A16) difference peptides They eluted at the same
positions as R8, R12, R28, R7, R13, and R30, respective-
Iy The sequence analyscs of the Ala-labeled difference
peptides arc shown 1n Figure 2B A2 and A3 both have
radioactivity at cycles 5 and 6, indicating that they are
the A2 4cand A2 I couniciparts, respectively, of the pep-
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tide spanning residucs 36-43 (1n A2 4¢) o1 36-44 (m
A2 1) A3 and A6 each have radioactivity at position 8
The only tryptic peptide from A2 1 with Ala at this posi-
tion 15 the glycopeptide, spanning residues 83-97
(GYYNQSEAGSHTVQR) Thus, A5 and A6 are the
A2 1 and the A2 4c counterparts of this peptide, respec
tvely AlS5 was shown upon sequencing to have '*C-
radioactivity atcycles 5, 6, and 9, consistent with this pep-
tide being the one spanning residues 145-157 fiom A2 |
(HKWEAAHVAEQLR) A16 was recovered with very
low yield and could not be sequenced From its elution
position (see below) 1t was assumed to be the *H-labeled
counterpart for A15 The Jow yield of this peptide 15 a
consequence of the partial tryptic cleavage at Lys, 44 The
Trp labeled map (Fig 2C) was identical except for the
presence of the A2 | difference peak W9, eluting as A15
and R28, and the A2 4c difference peak W10 eluting as
Al16 and R30 Scquencing of W9 and W10 showed radio
activity atcycle 3 1n both of them, confirming thei assign-
ment as the peptides spanning tesidues 145-157 in A2 |
and A2 4c, respectively The only other tryptic peptide
from A2 1 with Trp at this position, the one spanning
restdues 49-65, eluted with a much shorter 1etention tune
(unpublished observations) In the Leu-labeled map (Fig
2D) a single H-labeled ditference peptide, L5, was appat-
ent, cluting as R13 and A6 Sequencing of this peptide
showed radioactivity at cycle 13 (Fig 2D) This result,
together with the elution position of L5 and the absence
of a “C-labeled counterpart, indicated that it was the
glycopeptide from A2 4c, and that this molecule pos-
sessed Leu at position 95 anstead of the Val-1esidue
present in A2 1 Inaddition, a *C-difference peptide was
found, co-eluting with an identical peptide, upon
rechromatography of L15 under different chromatograph-
1¢ conditions (not shown) Because of tts low yield, thrs
peptide could not be sequenced, but it was assumed to be
on the basts of its clution posttion, the A2 | peptide span-
ning 1esidues 145157 No *H-labeled counterpart for this
peptrde was found The Tyi-labeled map showed two HC
labeled (Y5 and Y 14) and two *H-labeled (Y6 and Y16)
ditference peaks (Fig 3A) YS and Y6 eluted 1 the same
positions as R12 or AS and R13, A6 o1 L5, respectively
Sequencing of these two peptides yiclded 1adioactivity at
cycles 2 and 3 1n both of them (Fig 3B) TIbese sesults
confirm that Y5 and Y6 are the A2 1 and A2 4c glycopep-
tides, respectively Y 14, which eluited as R29 was shown
upon sequencing to have radioactivity ateycde 1 This pep-
tide was the onc spanning residucs 7-14 or 7-17 lrom
A2 1 (YFFTSVSRPGR) because this 15 the only tryplic
peptide with Tyr at position 1 lacking Lys, and no differ-
ence peptides were found eluting late 1 the Lys-labeled
map (Fig 1) Y16, which eluted as R30, showed radiodc-
uvity at cycles 1 and 3, mdicating that this was an A2 4c
peptide spanning residucs 7-14 o1 7-17, and the Pheg i
A2 1 was changed to Tyry in A2 4¢ Equivalent peptides
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for R31 and R32 weie not found However, these two pep-
tides ate probably ielated to R30 and R29, respectively,
as a result of partial tryptic cleavage at the Arg,,-Prog;s
bond, as was previously observed (Ezqueria et al  1986)
Cleavage at this bond may vary between experiments, al-
fecting the yield of the corresponding peptides

The 1csults from the comparative analysts of A2 4¢
with A2 | descnibed above are summanized 1in Figure 4
Taken together, they ndicate the following 1) A2 4c has

changes 10 the tiyptic peptides including all positions
which A2 2Y and A2 1 are different, namely, residues
9,43, 95, and 156 These peptides accounted for all the
difference peaks detected in the Arg-, Ala-, Tip-, Leu-,
and Tyr-labeled maps 2) The changes between A2 | and
A2 4c¢ at positions 9, 43, and 95 aie the same as those
present in A2 2Y The existence of a change at position
156 was not directly confirmed by sequencing 3) The
Lys labeled difterence peptides were not related to those
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analyzcd m the other peptide maps suggesting that A2 4c¢
has one or mote substitutions in addition to those present
in the A2 2Y subtype

A2 4c and A2 2Y differ by a single ammo aad change at
posttion 66 In a second st of experiments Arg and Lys
labeled comparative peptide maps between A2 2Y and
A2 4¢ were obtained The Aty labeled map was identical
(Lig 5A) The Lys labeled map showed two 1C labeled
(K1 and K4) difference peaks and one *H labeled (K2)
difference peak (Fig 5B) All thiec difference peptides
cluted in the same positions as those m the comparative
Lys labcled map with A2 1 (Fig 1A) suggesting that they
were the same peptides The two "*C-difference peptides
K1 and K4 showed radioactivity at cycle 2 and at cycles
1and 3 1especuvely (Fig SB) This result wes compatible
with K1 and K4 bemng the peptides spanning tesidues

67-68 (VK) and 66-68 (KVK), 1espectively They would
have resulted from partial tryptic cleavage at the Arges
and Lysee resadues in A2 2Y  The possibihity that K4
was a longer peptide spanming residues  66-75
(KVKAHSQTHR) was ruled out because the His labeled
map was identical (not shown) Scquencing of the A2 4¢
peptide K2 yielded radioactivity only at cycle 3 This sug

gested that K2 was the 66-68 peptide, and that Lysee could
have changed tn A2 4c The Val labeled map (Fig 6A)
showed only a C labeled (V2) and a *H labeled (V3)
difterence peptide eluting in the same positions as K1 and
K2 respectively As expected, sequencing of V2 and V3
yielded radioactivity at cycle I and atcycle 2 respectively
(Fig 6A) This result confirmed the assignment of the two
difference peptides as those spanning 1esidues 67-68 1n
A2 2Y and 66-68 1n A2 4¢ 1n addition, 1t indicated that
Val¢; was not changed in A2 4¢ In the Val labeled map

fig 2 A shows the reverse phise HPLC comparison of the Al Iabdud nyptic peptides between A2 1and A2 4c B shows the sequence amlyses
of the Ala libeted diffcence peptides € and I show the reverse phise HPLC comparison of the [rp libeled nd Leu hibeled teyptic peptides
1espectively between A2 1and A2 4¢ For the comp rison of Ttp libeled puptides *H Inbeled maps fiom A2 1 ind A2 4 were sepnately obt uned
ind ware plotted together The sequence wilyses of the corrusponding diffurence peptides arc included meach map 1S ws pur fied by rechrom tog
phy under diftarent conchtions prior to scquencing, The TS pok included « *C diffcrence peptide coctuting v ath i identic l one (see text) Numbu

ing ind sequencng, of peptides 15 v m igue |
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fag. 4. Summary of the ammno aud sequence
analyses of the HLA A2 difference peptides
from A2 1 (JY) and A2 4c (KLO) The assign
ment of cach single-labeled difterence peptide
used for sequencing 1s shown The assiznments
of other difference peptides which were not se
quenced and were identified on the basis of their
clution position are deseribed in the text These
include A16 113, the I ys labeled and most of
the Arg labeled peptides  Arrows  denote
residues identified directly by radiochemical se
quencing  The astcrisk under 1rpyy, fom the
W10 peptide indicates that this residue was not
directly sequenced (sce texty Amimo acid differ
ences between both molecules are hored The
standard onc letict code for amino actds 15 used

Fig. 5. A and B show the ieverse phase
HPLC comparison of Arg labeled and Lys
labcied tryptic peptides respectsvely, from
A2 2Y (WT49) and A2 4c (KLO) RIB way
shown by rechromatog aphy under different
conditions to consist of a mixtare of two
wentical peptides € shows the sequence
analyses of the Lys labeled ificrence pep
tdes Al thiee KI, K2 and K4 peptides
were purified from contannnant 1dentical
peptides by rechromatography under differ
ent condiions prior to sequencing Numbel
ing and sequencing of peptides 15 a5 0
Figure |
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the Asn labeled peptides '*C labeled maps

_ . Fractlon n from both molecules were scpatately ob

tamned and were plotted together  The se

C quence walyses of the corresponding ditfer

A2 . 2Y A2 .4c ence peptides are included m each map

Numbering and sequencing of peptides 15 as

68 68 66 68 m Figure 1 € 15 a summary of the wsign

U("J Vv K NIV K ment and unimo acid sequencing of the de

- 1 ) I 1 tected difterence peptides betveen A2 4¢

x? »— 1 3:13 I> i and A2 2Y  Arrons denote residues wdentt

K4 = K2 - tied direetly by tadiochenical scquencing

I» »I ' = The single detected difference between both
molecules 15 bored

an cquivalent to the partial cleavage product K4 was not
obsetved The nature of the change at posttion 6o was
cslablished by obtaming the Asn-labeled map (Fig 6B)

This ammo acid was chosen because 1t 1s fiequently found
at this position i class I HLA antigens The only differ-
ence peak found was the H-labeled N1, whose ¢lution
position was the same as that of K2 and V3 Its sequencing
showed 1adioactivity at cycle 1 (Fig 6B), confirming that
Lyse 1n A2 2Y was changed to Asng tn A2 4¢ The
sequencing and assignment of the difference peptides
found 1n the comparison of A2 2Y and A2 4c¢ 15 summa-
tized m Figue 6C

Discussion

The strategy used for the structural chat actet 1zation of the
HLA-A2 4c antigen variant expressed on KLO cells was
based on the biochemical comparison of all tryptic pep-
udes of the molecule with those of two other HLA-A2
antigens of known structure HLA-AZ 1 and HLA-A2 2Y
The reliability of thiy appioach has been discussed else-
where (Vega et al 1986, Domencch ct al 1988) Com-
paiative analysts with HLA-A2 1 1evealed that A2 4c was
very similar to A2 2Y This antigen differs from A2 1
at positions 9, 43, 95, and 156 (Holmes et al 1987) The
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tour changes were also present in A2 4¢ This was estab
Irshed for residues 9 43, and 95 by direct sequencing
The natuie of the change at position 156 could not be de
termined by sequencing but it was assigned on the follow
mg bases
a) the existence of a difference peptide spanning residues
145-157 i the comparson of A2 4¢ with A2 1 This pep
tide was labeled in both A2 1 and A2 4¢ with Aig (one
of the two peptides it R30} Ala (A16) and Trp (W10)
but was only recovered from A2 | (the ditference peak
within L15) and not from A2 4c¢ upon Leu-labeling,
b) the identity of the Arg labeled map in the Lompartson
of A2 4¢ with A2 2Y

Furthermore this identity stiongly suggests that there
ate no additional substitutions within the Arg labeled
ditference peptides detected 1 the comparison ot AZ 4¢
with A2 | (Fig 4)

[he only peptide differences found between A2 4¢ and
A2 1 which weie not accounted for by the changes present
n A2 2Y were those in the Lys-labeled map (Fig 1A)
As expected these peptides were also found 1n the com
parison between A2 4c and A2 2Y (Fig 5) and shown
to reflect a single change of Lyse tn A2 | and A2 2Y to
Asnge in A2 4¢ Thus within the imitations ol the peptide
mappmg analysis our results indicate that A2 4¢ differs
from A2 1 at positions 9, 43 66, 95 and 156 and from
A2 2Y only by the change at position 66

This substitution which requires a single base change
at the DNA level, accounts for the IEF pattern of A2 4c
which 15 1dentical with that of A2 1 and 15 one charge unit
more acidic than A2 2 (van der Pocl et al 1983) Itiilus
trates that subtype classifications of class I antigens based
on IEF do not necessaly reflect distingt subtype related
structural patierns [ndeed, from a stiuctural viewpoint,
A2 4¢ would be a new variant of the A2 2 subtype Figure
7 shows a comparison of alt HLA A2 antigens of known
structure Three groups can cleaily be distmguished on

N Doménceh et 1l Strucisre of HI A A2 4 virnt K1 QO
the basis of their structural patterns A first group includes
A2 2F A22Y and A2 4c, all of which as mentioned
above differ from A2 1 by the same changes at positions
43, 95, and 156 A2 2Y and A2 4¢ both have the same
additional change at position 9, A2 4¢ having yet another
change at position 66 A second group consists of A2 3,
which differs from A2 1 by three clustered changes 1n the
a2 doman A third gioup mcludes A2 4a, A2 4b, and
the A2 1/A2 3 vaniant OZB cach one differing from A2 |
by one amino acid change located 1 the ol, a2 o1 «3
domains, respectively

The evolutionaty relattonships within the HLA A2
antigen family arc uncertamn It has been suggested that
A2 I and A2 2Y are relatively distant alleles whose diver
gence probably mvolved multiple pomnt mutations and a
genetic exchange event Reuprocdl recombination be
tween these two alleles might have origmated A2 2} and
A2 44 (Holmes et al 1987) The otigin of A2 3 15 most
casily explaned by a single gene conversion hike cvent
from A2 1 (Mattson et al 1987, Holmes et al 1987) In
addition, single point mutations from A2 1 could have
genetated AZ 4b and OZB (Domencch et al 1988
Castaio ct al 1988), and a point mutation from A2 2Y
could have given rise to A2 4¢ These putative diversifica
tion pathways are summarized in Frgurc 8 However it
should be emphasized that there are no systematic studies
on the racial distribution of the vartous HLA A2 subtypes
although A2 1 1s the predommant subtype and A2 3 has
only been found 1n Onentals (van der Poel et al  1983)
Furthermore, the ancesual allele of the A2 fanuly poten
tial donor sequences fot the putative nomeciptocal recom
bination events, and possible mtermediate forms have not
been identificd In addison complete DNA sequences are
necessary for all members of the family to substuntiate
postulated pomnt mutations In the absence of this mforma
tion, alternative evolutionaiy pathways cannot be ruled
out For instance, 1115 also possible that A2 44 and A2 2F

L i I a2 as 1
149 152 156
Azt () =243 ep 9599 ] 236
F O KTV AL A
A2 4 (KLO) e e R
Y R N L w
A2 2Y WT49 LS
¢ ) 9 3 = &
A2 2F  (M7) Fig 7 Location ot wuno cid substiu
L W tions wmong HL A A2 natut if v unnts
showing the structural relationship of
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were intetmediate forms i a pathway going from A2 1
to A2 2Y Other alternatives have been discussed pievi
ously (Holmes et al 1987)

Position 66 which distinguishes A2 4c from A2 2Y
15 located 1n the long o helix fiom the o1 domain which
18 a part of the antigen binding and T cell recognition site
of HLA A2 (Borjkman et al 1987) It 1s spatually closc
to positions 9 and 95 which as mentioned above are also
changed 1n A2 4c and A2 2Y with respect to A2 1 Since
residue 66 15 pointing towards the site 1t would not be
expected to be conspicuous for antibody recognition but
it could be mmportant for T cell 1ecognition

The A2+BI17 specilic monoclonal antibody MA2 |
(McMichael et al 1980} 1s thought to recognize an epitope
mvolving residues 62-65 (Ways et al 1985) The in
troduction of a sigle change of Lys to Ilc at position 66
in A2 1 through site directed mutagenesis was sufficient
to completely abrogate 1ecognition by this antibody sug
gesting that its determinant could also include residue 66
(Santos Aguado et al 19884) The 1eactivity of MA2 |
with KLO cells was examined by flow cytometry analysis
and found to be indistinguishable to that obtained with
other A2 specific antibodies such as PA2 1 or CR11 351
(Russo ct al 1983) (data not shown) Thus HLA A2 4c
cxpresses the antigenic  determinant recogmized by
MA2 1 This suggests that the change of Lyse to Asngs
present in A2 4c¢ does not affect recognition by thiy ant1
body It appears that the nature of residue 66 mfluences
the epitope recognized by MA2 1 50 that strongly noncon
setvative substitutions (such as Ile) at this position may
interfere with the binding of this antibody while other
changes (such as Asn) will not

With tegard to the cellular 1ccogmtion HLA A2 re
stiicted H Y specific CTL do not recogmze HLA A2 4¢
cells (Goulmy et al 1984 A2 4c1s on targot cell no |
in Table 1 from the latter reterence) This absence of
tecognition cannot unambiguously be attributed to the
change at position 66 because other A2 2 target cells
which share with A2 4c several substitutions at other post
tions also failed to be recognized by these CTLs (Goulmy
etal 1984) The participation of position 66 1n allogencic
T cell recogniion 1¢ suggested from the fact that poly
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clonal CTL raised against A2 2 antigens m a variety of
responder wndividuals consistently showed dimimshed
reactivity for A2 4" target cells including the A2 4c
cells In addition a polyclonal CTL lme raised from
A2 responder cells stimulated with A2 4a™ cells could
distinguish between A2 2 and A2 4c¢ target cells (van der
Pocl et al 1986) However 1n these studies it was not
established whether A2 2F alone or both A2 2F and
A2 2Y were represented i the target cell panel In the
former situation the molecular interpretation of the reac
tion patterns 1n terms of the role of position 66 would be
ambiguous because A2 2F and A2 4c also differ at posi
tion 9 More detailed studies concermng the abihity of T
cells to distinguish between A2 2 and A2 4c¢ antigens ate
presently i progress (E Goulmy personal communica
tion) Another approach to demonstrate the importance of
residue 66 1n allogeneic T cell recognition was the screen
ing of the reactivity patterns of a set of A2 specific CTL
clones against a panel of transfected target cells expressing
various site directed mutants It was found that substitu
tion of Lyss in A2 1 by lle was sufficient to abrogate
recognition of the corresponding transfected target cells
by six of nine clones amenable to analysis (Santos Aguado
et al 1988b)

The structural dissection of the HLA A2 antigen fam
ly may now be used as a basis for more discrimmative
CTL studies auned at establishing the functional sig
nificance of subtype related polymorphism within HLA
A2 The structural differences among subtypes often de
termine significant differences i CTL recognition
although many of these variants have not yet been distin
guished by antibodies This 1s of great functional s1g
nificance because 1t imphies that the immunological speci
ficwy of class 1 MHC antigens may be efficiently
modulated through hmited structural diversification
v hich can be attained by one or very few genetic events
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