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Summary 
To investigate the polymorphism of human minor histocompatibility (mH) antigens, PBLs from 
23 Japanese individuals and 25 German individuals with HLA-B35 were studied by using four 
human mH antigen-specific, HLA-B35-restricted CTL clones. The CTL clones killed PHA- 
stimulated PBLs from all 23 Japanese individuals. On the other hand, they killed the PHA- 
stimulated PBLs from 19 of 25 German individuals and partially killed the PHA-stimulated PBLs 
from three German individuals (CTL weakly sensitive cell line); those from another three indi- 
viduals (CTL-resistant cell line) were not killed by the CTL clones. All of three CTL weakly 
sensitive cell lines carry HLA-B*3503 molecules, whereas the three CTL-resistant cell lines carry 
HLA-B*3502, B'3507, and B'3508 molecules. The cytotoxicity of the CTL clones for three 
CTL weakly sensitive cell lines was enhanced by stimulation of human mH peptides isolated 
from HLA-B*3501 molecules purified from CIR.-B*3501 cells. Small amounts of human mH 
peptides were isolated from B'3503 molecules purified from these three CTL weakly sensitive 
cell lines. Taken together, these results indicate that weak recognition by the CTL clones of 
three CTL weakly sensitive cell line results from a small amount of the human mH peptides 
presented by B'3503 molecules. The CTL-resistant cell line carrying B'3507 loaded with the 
human mH peptides was killed by four CTL clones, whereas the cell lines carrying B'3502 
or B'3508 loaded with the peptides were not. The human mH peptides were not isolated from 
B'3507 molecules purified from the cell lines expressing this subtype, whereas small amounts 
of the human mH peptides were isolated from B'3502 and B'3508 molecules purified from 
the cell lines expressing these subtypes. These results indicate that failure of the CTL recognition 
of the cell line carrying B'3507 is due to a lack of human mH antigens in this cell line. The 
failure of the CTL recognition of the cell lines carrying B'3502 and B'3508 is not explained 
by only the amount of the human mH peptides binding to these B35 subtype molecules because 
the amount of the human mH peptides eluted from B* 3502 and B'3508 molecules purified from 
the cell lines carrying these B35 subtypes is almost the same as that eluted from B'3503 mole- 
cules purified from the cell lines carrying B'3503. It is suspected that the conformational struc- 
ture of the human mH peptides bound to these HLA-B35 subtype molecules changes and in- 
itiates a lack of the recognition of the CTL clones. The currrent study showed that the human 
mH antigens are conserved beyond race and that recognition by human mH antigen-specific 
T cells is critically influenced by the subtypes of HLA class I molecules. 
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M inor histocompatibility (mH) 1 antigens have not 
. been studied in detail even though they are very im- 

portant in transplantation, since incompatibility of these 
antigens induces the rejection of grafts in organ transplanta- 
tion and graft versus host disease in bone marrow transplan- 
tation (1). In these diseases, mH-specific cytotoxic T cells but 
not specifc antibodies are induced (2-7). T cells recognize 
mH antigens in association with MHC antigens (4, 5, 7). 
Recent studies have demonstrated that mH antigens are 
presented as peptides by MHC class I molecules in the mouse 
(8-10) and human (11-13). 

It is suspected that mH peptides are derived from self- 
proteins or endogenously integrated viral protein, and the 
peptides are transported into the endoplasmic reticulum via 
transporters after they are generated in the cytoplasm as pep- 
tides derived from self-proteins and viral proteins (14-19). 
Peptides take part in the assembly of MHC class I molecules 
in the endoplasmic reticulum (20, 21). Assembled MHC class 
I molecules are transported to the cell surface and are recog- 
nized by T cells. 

In the mouse '~50 mH antigen genes have been mapped 
using congenic strains, and a limited polymorphism is known 
(1). In contrast, genes encoding human mH antigens have 
not been mapped, and the polymorphism of human mH an- 
tigens is not known. A recent study of population genetics 
using HLA-A2-restricted human mH antigen-specific CTL 
clones (22) has shown that the phenotype frequencies of three 
human mH antigens are 69, 16, and 7%. 

There are many HLA subtypes that are distinguished by 
alloreactive CTL clones, biochemical analysis using two- 
dimensional electrophoresis, or molecular analysis using se- 
quencing of the genes encoding HLA antigens. For example, 
12 subtypes of HLA-A2 have been reported. Only three of 
these subtypes can be distinguished by serology (23). Since 
amino acid substitutions found among the subtypes affect 
the presentation of virus antigens to specific T cells (24-28), 
it is assumed that a given subtype of HLA class I antigen 
cannot present human mH peptides to specific T cells. Thus, 
population genetic analysis using mere recognition by CTL 
clones may not reflect the frequencies of mH antigens in a 
given population. 

To investigate phenotype frequencies of human mH an- 
tigens in detail, we analyzed the frequencies of human mH 
antigens that are recognized by an HLA-B35-restricted CTL 
clone using an acid elution method for peptides and sequencing 
of HLA-B35 genes. Moreover, the current study demonstrated 
a molecular mechanism for the presentation of human mH 
peptides by HLA class I molecules. 

Materials and Methods 
Cells. PBLs from 23 Japanese individuals and 25 German indi- 

viduals with HLA-B35 were collected. HLA haplotypes of these 
individuals were serologically determined. These PBLs were stimu- 
lated with PHA. PHA-induced T cells were cultured in RPMI 1640 
medium with 10% FCS and 50 U/ml recombinant human IL-2, 

1 Abbreviation used in this paper: mH, minor histocompatibility. 

and the cells were used for CTL assays. EBV-transformed cell lines 
from German individuals, EBV-transformed self-B cell line from 
a recipient of HLA-identical renal grafts (Pt cells) (7), EBV- 
transformed B cell lines from a donor (Dn-2) (7), and Hmy2CIR 
(CIR) cells were maintained in RPMI 1640 medium with 10% 
FCS. T2 cells expressing HLA-B*3501 (T2-B*3501) were previ- 
ously generated (29), and they were cultured in RPMI 1640 medium 
with 10% FCS. 

Transfection of the HLA-B*3502 Gene into C1R Cells. The HLA- 
B'3502 genomic gene was previously cloned (30). This gene was 
cotransfected with a hygromycin-resistance gene into HLA-A, B 
null C1R cells as previously described (31). CIR cells expressing 
HLA-B*3502 (CIR-B*3502) were selected by flow cytometry using 
SFR8-B6 anti-HLA-Bw6 mAb (32). C1R cells expressing B'3501 
(CIR-B*3501) were previously generated (33). CIR-B*3502 and 
CIR-B*3501 cells were cultured in RPMI 1640 medium with 10% 
FCS and 0.15 mg/ml hygromycin B. 

Flow Cytometry Analysis. Approximately 5 x 105 cells, sus- 
pended in 50 ml of PBS with 2% FCS, were incubated with 50 
ml of appropriately diluted SFRS-B6 anti-HLA-Bw6 or 4D12 
anti-HLA-B5, B35 cross-reacting antigen mAb (34) for 30 rain 
on ice. After two washes with PBS containing 2% FCS, the cells 
were incubated with 50 ml of FITC-conjugated F(ab')2 goat 
anti-mouse Ig (Silenus Laboratories, Hawthorne, Australia) at a 
dilution of 1:40 for 30 min on ice. The cells were washed three 
times with PBS containing 2% FCS, and the mean intensity of 
fluorescence was measured by a FACStar (Becton Dickinson, Moun- 
tain View, CA). 

CTL Clones. Four human mH antigen-specific, HLA-B35-re- 
stricted CTL clones, NH-5.2, NH-5.3, NH-5.5, and NH-5.9, were 
previously generated and characterized (7). These CTL clones were 
maintained by repeated stimulations with the EBV-transformed B 
cell line Dn-2 at 1-wk intervals and feeding with RPMI 1640 
medium supplemented with 2 mM g-glutamine, 10% FCS, and 
50 U/ml human recombinant IL-2 every third day. 

CTL Assay. Target cells (5 x 10 s) were incubated for 60 or 
90 min with 100 #Ci of Na2SaCrO4 in PBS and washed three 
times with RPMI 1640 medium containing 10% FCS. Target cells 
(5 x 1@ per well) were added to serial dilutions of effector cells 
at E/T ratios of 4:1-0.5:1, and the mixtures were incubated for 
4 or 6 h at 37~ in 96-well round-bottom microtiter plates (Nunc, 
Roskilde, Denmark). The supematants were collected and analyzed 
with a gamma counter. Spontaneous saCr release was determined 
by measuring the counts per minute in the supernatant in wells 
containing only target cells. The maximum release was determined 
by measuring the release of SlCr from target cells in the presence 
of 2.5% Triton X-100. The specific lysis was calculated using the 
following formula: percent specific lysis = [(cpm~p - cpmspn)/ 
(cpmm~ -- cpm,p,)] x 100, where cpm~p is the counts per minute 
in the supernatant in wells containing target and effector cells, 
cpmsp, is the spontaneous release, and cpm ..... is the maximum 
release. 

Isolation and Characterization of HLA-B35 cDNA Clones. Total 
cellular RNA was extracted from EBV-transformed cell lines by 
standard methods (35). mRNA was reverse transcribed using 
random hexamers (first strand DNA synthesis kit; Pharmacia LKB 
Biotechnology Inc., Piscataway, NJ,). cDNA was then PCR ampli- 
fied with HLA-B locus-specific primers, as described (36). Amplified 
DNA was subcloned in the SalI/HindIII sites of pUC18. Recom- 
binant clones were identified by colony hybridization to an HLA 
class I cDNA probe, pHLA-2 (37). Double-stranded DNA plasmids 
were sequenced by the chain termination method using Sequenase 
2.0 (United States Biochemical Corp., Cleveland, OH) and exon- 
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specific primers. The sequence was obtained for both DNA strands 
and was confirmed in four independent clones derived from each 
individual. 

Acid Extraction of Naturally Occurring Human mH Peptides from 
EBV--transformed Cell Lines. Cultured EBV-transformed cell lines 
and C1R-B*3501 cells (109) were homogenized in 0.1% (vol/vol) 
TFA solution and then sonicated for 30 s. The homogenates were 
ultracentrifuged for 30 min (10,000 g). These procedures were 
repeated for the pellets. Supernatants were loaded on a Sephadex 
G-25 column (Pharmacia) equilibrated with 0.1% TFA solution. 
Material of low molecular weight eluted in the column volume 
was collected, lyophilized, and separated on a Superpac Pep S reverse- 
phase HPLC column (Pharmacia) by forming a linear gradient of 
0.1% TFA in water and 0.1% TFA in acetonitrile (60% per 35 
min). Each 1-ml fraction was collected and lyophilized for CTL assay. 

Acid Extraction of Naturally Occurring Human mH Peptides from 
Purified HLA-B35 Subtype Molecules. 2 • 109 CIR.-B*3501 and 
EBV-transformed B cells expressing four HLA-B35 subtypes were 
lysed in 2 ml of 1.5% NP-40 detergent in 10 mM PBS containing 
1 mM PMSF, 10 mg/ml trypsin inhibitor A, 10 -S M pepstatin A, 
10 -5 M leupeptin, and 10 -4 M iodoacetamide. The resulting sus- 
pension was stirred for 30 rain at 4~ and centrifuged for 30 min 
(1,800 g). The resulting supernatant was incubated with CNBr- 

activated Sepharose CL4B beads (Pharmacia), to which 4D12 or 
W6/32 mAb had been covalently coupled. The sample was again 
rotated six times at 4~ to precipitate FILA class I molecules. After 
washing in 10 mM PBS containing 0.1% NP-40, loaded beads were 
subjected to 50 mM diethylamine (pH 11.5). Eluted sample were 
lyophilized, resolved in 2 ml of 0.1% TFA, and separated in a Su- 
perpac Pep S reverse-phase HPLC column. Each fraction (1 ml) was 
collected and lyophilized for CTL assay. 

CTL Assay.for B Cell Lines Stimulated with Isolated Human mH 
Peptides. Dried HPLC fractions were dissolved in 200 #1 of PBS. 
50 #1 of this solution was added to 50 #1 of the medium containing 
5 x 103 StCr-labded B cell lines in round-bottom wells of a 96- 
well microplate. After incubation for 60 rain at 37~ 100 #1 of 
the medium containing 2 x l& CTL clones was added to yield 
a final volume of 200 #1 (4:1 E/T ratio). Plates were then incubated 
for 6 h at 370C. The supematants were collected and analyzed with 
a gamma counter. 

Resul ts  

Recognition of Human mH Antigens on Cell Lines Derived 
from Japanese and German Individuals with HLA-B3 5 by HLA- 

Table 1. Expression of Human mH Antigens Presented by HLA-B35 on PHA-induced T Cell Lines from the Japanese Population 

CTL clones 
Source of 
target cells HLA type NH-5.2 NH-5.3 NH-5.5 NH-5 .9  

KaS A24/A - B35/B54 C w l / C w l 0  54.8* 54.7 57.4 

KoE A26.1/A11 B35/B46 C w 9 / C w l l  56.3 57.1 60.5 

SuM A2/A31 B35/B - Cw9/Cw - 60.2 64.6 68.7 

SiR. A2/A24 B35/B46 CwI1 /Cw  - 49.3 67.4 60.6 

MiN A26.3/A26.4 B35/B52 C w 9 / C w -  26.9 40.8 31.3 

MuM A11/A - B35/B67 Cw7/Cw9 61.6 70.7 69.2 

OoT A2/A24 B35/B61 Cw - / C w  - 50.9 58.1 56.1 

KaO A24/A26.3 B35/B61 Cw9/Cw - 53.1 73.4 60.5 

WaN A24/A26.3 B35/B52 Cw9/Cw - 40.4 68.1 52.6 

SuR A2/A26.1 B35/B54 Cwl / Cw 9  46.6 70.2 58.2 

MaU A24/A26.3 B35/B62 Cw9/Cw - 42.8 76.4 53.9 

NoH A2/A - B35/B62 Cw9/Cw - 45.9 67.9 56.7 

UsT Al l /A26 .3  B35/B - Cw9/Cw - 69.7 68.0 72.0 

InT A24/A33 B35/B48 Cw9/Cw - 61.1 65.2 59.1 

OnN A2/A - B35/B54 Cw9/Cw - 66.8 64.3 68.3 

TsH A2/A26.4 B35/B39 Cw7/Cw - 68.4 63.9 74.3 

MuT A2/A24 B35/B52 Cw9/Cw - 56.7 69.9 63.0 

MaS A2/A33 B35/B44 Cw9/C4451 39.2 43.2 37.1 

MuU A2/A26.3 B35/B - C w 9 / C w -  57.9 61.6 61.5 

IsS A24/A26.3 B35/B7 Cw7/Cw9 60.1 62.4 58.8 

MiT A2/A31 B35/B51 Cw - / C w  - 50.8 64.9 65.8 

Sak A2/A24 B35/B51 C w 9 / C w -  47.1 58.7 62.3 

MiM A l l / A 2 6  B35/B51 Cwl / Cw 9  64.6 73.3 67.0 

56.0 

65.7 

73.4 

65.6 

38.7 

73.1 

54.6 

56.3 

42.1 

58.1 

47.4 

52.9 

69.6 

56.1 

62.5 

64.2 

55.7 

33.4 

56.6 

54.1 

58.3 

53.3 

65.6 

" Percent specific lysis at a 1:1 E/T ratio. More than 20% of percent specific lysis was evaluated as positive killing (boldface). 
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B*3501-restricted Human mH Antigen-specific CTL Clones. 
Our previous study (7) showed that four mH antigen-specific, 
HLA-B*3501-restricted CTL clones (NH-5.2, NH-5.3, 
NH-5.5, and NH-5.9) killed B cell lines derived from all of 
five individuals with HLA-B35. These findings suggest that 
the human mH antigens recognized by these CTL clones are 
very well conserved among Japanese or other populations and 
that only members of this family lack these antigens. To iden- 
tify the distribution of human mH antigens in populations, 
we examined the recognition by the CTL clones of a panel 
of cells derived from Japanese and German individuals. As 
shown in Table 1, four CTL clones killed all of 23 cell lines 
from Japanese individuals with HLA-B35. On the other hand, 
the CTL clones killed 19 of 25 cell lines from German Cau- 
casian individuals; they partially killed three cell lines (12405, 
13159, and 21254), but did not kill another three cell lines 
(18514, 20073, and 22338) (Table 2). Taken together, these 
data suggest that the human mH antigens recognized by these 

four CTL clones may be less conserved within the Caucasian 
population than the Japanese population, though they are 
very well conserved in the Japanese population. 

It is speculated that poor recognition of the CTL clones 
for three cell lines (the CTL weakly sensitive cell lines) or 
lack of recognition of three cell lines (the CTL-resistant cell 
lines) may be due to low or even absent expression of HLA- 
B35 antigens on the cell lines, respectively. To exclude this 
possibility, we examined the surface expression of HLA-B35 
antigens on these cell lines by flow cytometry with 4D12 
anti-BS, B35 mAb. As shown in Table 3, all of the cell lines 
expressed HLA-B35. Mean intensities of fluorescence of cell 
lines 13159 and 19635 were higher than those of other cell 
lines expressing HLA-B35. This is explained by the fact that 
mAb 4D12 cross-reacts with HLA-B15 (34). The mean in- 
tensities of fluorescence of the other five cell lines (13.9 to 
29.0) were the same as those of six CTDsensitive cell lines 
(10.5 to 28.4). These results indicate that weak or lacking 

Table 2. Expression of Human mH Antigens Presented by HLA-B35 on PHA-induced T Cell Lines from the German Population 

Source of 
target cells HLA type 

CTL clones 

NH-5.2 NH-5.3 NH-5.5 NH-5.9 

83A2 A1/A11 B35/B7 Cw4/Cw7 71.2" 77.1 67.3 

M1202 A2/A3 B35/B39 Cw4/Cw - 59.6 74.5 61.2 

M1228 A3/A29 B35/B44 C w 4 / C w -  57.1 58.4 50.8 

22337 A2/A26 B35/B55 Cw3/Cw4 58.6 82.2 56.9 

22322 A1/A3 B8/B35 Cw4/Cw7 65.9 86.7 77.4 

12717 A 2 / A l l  B7/B35 Cw4/Cw7 56.2 69.5 51.1 

20058 A24/A29 B35/B44 C w - / C w -  74.4 100.0 71.6 

19635 A3/A68 B35/B35 Cw4/Cw4 74.7 91.9 89.2 

22358 A 2 / A -  B35/B39 Cw4/Cw7 83.9 100.0 81.1 

17772 A2/A3 B27/B35 Cw2/Cw4 48.9 79.0 58.4 

22780 A 3 / A -  B27/B35 Cw2/Cw4 66.4 78.3 72.5 

21142 A2/A24 B27/B35 C w l / C w 4  52.0 100.0 51.1 

22008 A 3 / A -  B35/B44 C w 6 / C w -  65.3 61.1 73.3 

16213 A3/A - B7/B35 Cw4/Cw7 82.8 57.3 51.7 

22339 A2/A24 B35/B44 Cw4/Cw5 67.0 41.7 43.6 

11985 A3/A24 B35/B44 Cw4/Cw5 70.3 82.2 61.3 

10476 A1/A3 B8/B35 Cw4/Cw7 72.5 58.7 56.4 

20072 A30/A68 B27/B35 Cw2/Cw4 82.9 70.4 71.7 

12893 A2/A24 B35/B49 Cw4/Cw - 80.5 100.0 100.0 

12405 A3/A28 B18/B35 Cw4/Cw - 18.5 29.5 15.1 

13159 A2/A24 B35/B62 C w 3 / C w -  16.5 18.8 11.9 

21254 A2/A3 B7/B35 Cw4/Cw7 9.8 14.6 8.6 

18514 A1/A3 B7/B35 Cw4/Cw - - 1.3 0.7 - 1.0 

20073 A3/A32 B35/B64 Cw4/Cw8 - 1.0 - 0.9 - 1.7 

22338 A1/A24 B35/B41 C w 4 / C w -  - 0.2 0.1 - 1.7 

68.2 

58.6 

57.2 

46.0 

72.0 

63.6 

77.2 

83.5 

80.5 

58.0 

70.6 

48.2 

60.1 

67.7 

47.4 

84.4 

61.5 

66.3 

81.1 

17.9 

15.1 

6.9 

0.0 

-0 .6  

-1 .3  

* Percent specific lysis at a 1:1 E/T ratio. More than 20% of percent specific lysis was evaluated as positive killing (boldface). 

2040 Presentation of Human Histocompatibility Peptides by HLA-B35 Molecules 

 on July 9, 2017
jem

.rupress.org
D

ow
nloaded from

 

http://jem.rupress.org/


Table 3. Surface Expression of HLA-B35 Antigen on 
EBV transformed Cell Lines 

mAb 
CTL HLA-B 

Cell line response haplotype 4D12 - * 

12405 W* 18,35 14.0 S 1.7 
13159 W 35,62 78.8 2.0 
21254 W 7,35 24.7 2.0 
18514 - 7,35 29.0 2.1 
20073 - 35,64 13.9 1.9 
22338 - 35,41 16.3 2.2 
11985 + 35,44 19.9 4.0 
12717 + 7,35 16.2 2.7 
19635 + 35,35 31.6 3.3 
20072 + 27,35 16.3 2.6 
21142 + 27,35 14.0 3.1 
22780 + 27,35 10.5 2.5 
Dn-2 + 35,38 28.4 2.0 
Pt - 35,38 27.2 2.3 

" No primary antibody. 
Weak response of the CTL clones. 

S Mean intensities of fluorescence. 

.f J) 
r 

0 

f~ 

Q. 
I/) 

12504 13159 21254 

!oL !oL ol 
4:1 2:1 1:1 0,5:1 4:1 ;):1 1:1 0.5:1 4:1 2:1 1:1 0.5:1 

Pt 

70 

60 

50 

3C 
2( 

101 lC 

4:1 2:1 1:1 0.5:1 

Dn-2 

4:1 2: ~. 1:1 0.5:1 

effector:target ratio 

Figure 1. Recognition by CTL clone NH-5.5 of the CTL weakly sen- 
sitive cell lines with different incubation times. Killing activity of CTL 
clone NH-5.5 for the CTL weakly sensitive cell lines (12504, 13159, and 
21254), a self-B cell line (Pt), and a donor derived cell line (Dn-2) was 
tested with incubation times of 4 (O) and 6 (Q) h. 

recognition by the CTL clones of these CTL weakly sensi- 
tive and CTL-resistant cell lines does not result from low or 
absent expression of HLA-B35 molecules. 

Three cell lines, 12405, 13159, and 21254, were partially 
killed by four CTL clones with a 4-h incubation and an E /T  
ratio of 1:1. The killing of these cell lines was enhanced with 
a 6-h incubation (Fig. 1), suggesting that HLA-B35 mole- 
cules on these cell lines may present a small amount of the 
human mH peptide to CTL clones. 

Sequence of HLA-B3 5 Genes in Three CTI.,resistant Cell Lines 
and Three CTL Weakly Sensitive Cell Lines. It is speculated 
that the CTbresistant or weakly sensitive cell lines express 
HLA-B35 subtypes that are different from B'3501, since the 
recognition of four human mH CTL clones is restricted with 
B'3501 (11). To clarify this possibility, we attempted to clone 
cDNA encoding HLA-B35 from these cell lines, and the exons 
2-4 of the genes were sequenced. The sequence of the HLA- 
B35 genes derived from cell line 18514 was identical to that 
of HLA-B*3502 (30). The sequences of HLA-B35 genes de- 
rived from cell lines 20073 and 22338 differed from HLA- 
B'3501 by a single nucleotide substitution at codons 16 and 
156, respectively. The glycine codon, GGC, in B'3501 is 
replaced by the valine codon, GTC, in the gene from cell 
line 20073, whereas the leucine codon, CTG, in B'3501 is 
substituted by the arginine codon, CGG, in the gene from 
cell line 22338. The novel HLA-B35 subtypes on cell lines 
20073 and 22338 have been designated as B'3507 and B'3508, 
respectively (38). The sequences of HLA-B35 genes derived 
from three cell lines, 12405, 13159, and 21254, were iden- 

2041 Beck et al. 

tical to that of HLA-B*3503. Polymorphic residues in these 
HLA-B35 subtypes are shown in Table 4. 

B'3502 differs from B'3501 by three amino acids at posi- 
tions 109, 114, and 116. Residues 114 and 116 are located 
on the floor of the/3 sheet, and the residue 109 is in the outer 
loop on the/3 sheet (Fig. 2). B'3503 (39), B'3507, and B'3508 
differ from B'3501 only by a single amino acid substitution 
at residues 116, 16, and 156, respectively. Residue 156 is a 
peptide-binding site in the o~2 helix, and residue 16 is in the 
outer loop of the B sheet (Fig. 2). 

Table 4. Polymorphic Residues in HLA-B35 Subtypes of Six 
Cell Lines 

Substituted amino 
acid residue 

Cell line 16 109 114 116 156 Allele 

Gly Leu Asp Ser Leu B'3501 
18514 -* Phe Asn Tyr - B'3502 
20073 Val . . . .  B~3507 
2 2 3 3 8  . . . .  Arg B~3508 
12405, 13159, - - - Phe - B'3503 

21254 

* Dashes indicate identity with HLA-B*3501. 
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)86 CxO 

Figure 2. Location of the amino acid substitutions in HLA-B*3501 and 
other HLA-B35 subtypes. HLA-B*3501 differs from HLA-B'3502 by sub- 
stitutions at residues 109, 114, and 116 (l~), from HLA-B'3503 by substi- 
tution at residue 116 (&), from HLA-B'3507 by substitution at residue 
16 (O), and from HLA-B*3508 by substitution at residue 156 (11). 

Recognition of Human mH Antigens on CIR Cells Transfected 
with the HLA-B*3502 Cene. Our previous study (7) showed 
that four human mH antigen-specific, HLA-B*3501-restricted 
CTL clones can kill C1R cells transfected with the HLA- 
B'3501 gene (C1R-B*3501), but not untransfected C1R cells. 
These findings indicated that C1R cells possess the human 
mH antigens presented by HLA-B*3501 molecules. To in- 
vestigate the presentation of human mH antigens by HLA- 
B'3502 molecules, the HLA-B*3502 gene was transfected 
into CIR cells, and the transfectant highly expressing HLA- 
B'3502 (CIR-B*3502) was selected by flow cytometry using 
SFR8-B6 anti-Bw6 mAb. As shown in Fig. 3, four human 
mH antigen-specific CTL clones killed C1R-B*3501 cells but 
not ClP,-B*3502 cells. These results indicated that HLA- 
B'3502 molecules cannot present human mH antigens to the 
T cell clones. 

Binding of the Human mH Peptide to HLA-B35 Antigens on 
Three CTL-resistant Cell Lines and Three CTL I, Veakly Sensi- 
tive Cell Lines. Our recent studies showed that four human 
mH antigen-specific, HLA-B*3501-restricted CTL clones 
recognize the human mH peptides presented by HLA-B*3501 
molecules (11, 12, 29). Therefore, the results of experiments 
using CIR-B*3502 and the sequence data of the HLAoB35 
gene in CTL-resistant cell lines and CTL weakly sensitive 
cell lines suggest that B'3502 molecules in the 18514 cell 
line and B'3508 in the 22338 cell line do not bind the human 
mH peptides, whereas B'3503 molecules in three CTL weakly 
sensitive celt lines bind a relatively small amount of the human 
mH peptides. To clarify this possibility, we investigated di- 
rect binding of the human mH peptides to HLA-B35 sub- 
type molecules on these cell lines. Naturally occurring human 
mH peptides were isolated by reverse-phase HPLC from HLA- 
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Figure 3. Recognition by HLA-B*3501-restricted, human mH an- 
tigen-specific CTL clones of CIR-B*3502 cells. Killing activity of NH- 
5.2 (A), NH-5.3 (B), NH-5.5 (C), and NH-5.9 (D) for CIR-B*3501 (O), 
CIR.-B*3502 (ll), or untransfected C1R (U]) cells was tested. Surface ex- 
pression of HLA-B35 antigens on C1R-B'3501, C1R-B*3502, and C1R 
cells was examined by flow cytometry using mAb SFR8-B6. Mean inten- 
sities of fluorescence of C1R-B*3501, C1R-B'3502, and C1R calls were 
188.3, 243.8, and 6.7, respectively. 

B'3501 molecules that were purified from C1R-B*3501 cells. 
The HPLC fraction containing human mH peptides was de- 
tected using four CTL clones as previously described (11) and 
was used as the source of human mH peptides. The cells ex- 
pressing HLA-B35 subtypes were cultured at 26~ overnight 
and then used as target cells for four CTL clones after stimu- 
lation with human mH peptides. As shown in Fig. 4, the 
18514 cell line expressing B'3502 molecules and the 22338 
cell line expressing B'3508 molecules stimulated with human 
mH peptides were not killed by the CTL clones, whereas 
20073 cells expressing B'3507 molecules loaded with human 
mH peptides were killed by the CTL clones. Three CTL 
weakly sensitive cell lines (12405, 13159, and 21254) expressing 
B'3503 molecules stimulated with the human mH peptides 
were more effectively killed by the CTL clones than were 
unstimulated cell lines. These results indicate that B'3502 
and B'3508 molecules cannot bind the human mH peptides, 
whereas B'3503 and B'3507 molecules can bind the same 
amount of the human mH peptides as B'3501. Moreover, 
since 20073 cells were not killed by the CTL clones, these 
results together suggest that the specific human mH pep- 
tides are not produced in the 20073 cell line expressing B'3507. 

Isolation of Naturally Occurring Human mH Peptides from CTL  
resistant Cell Lines and CTL Weakly Sensitive Cell Lines, We 
attempted to isolate the naturally occurring human mH pep- 
tides from HLA-B35 subtype molecules on CTL-resistant cell 
lines and CTL weakly sensitive cell lines by acid elution. Rel- 
atively low molecular mass material extracted by acid elution 
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Figure 4. Enhancement of T cell recognition for the cell lines expressing HLA-B35 subtypes by loading with human mH peptides isolated from 
HLA-B*3501 molecules purified form CIR-B*3501 cells, s~Cr-labeled B cell lines were incubated with fraction 31, which contains the human mH 
peptides isolated from HLA-B*3501 molecules derived from 2.5 x 10 s C1R-B*3501 cells. Killing activity by four CTL clones was tested. 

from the cell line lysates was separated by reverse-phase HPLC. 
Fractions 29-32 were tested for recognition of the NH-5.5 
clone using Pt cells as the target, since the human mH pep- 
tides that the CTL clones recognized were isolated in frac- 
tion 30 or 31 (11). A small amount of the human mH peptides 
was detected in fraction 30 from extracts of the CTL-resistant 
cell line 22338, whereas no human mH peptides were iso- 
lated from extracts of other cell lines (Fig. 5). Since three 
CTL weakly sensitive cell lines were partially killed by the 
CTL clones, it is suspected that the amounts of peptides iso- 
lated from these cell lines are too small to be detected by the 
CTL assay using Pt cells as target cells. Therefore, we used 
HLA-B*3501-transfected T2 cells (T2-B*3501) as target cells 
in the assay in order to detect a small amount of the human 
mH peptides because the T2 transfectants express many empty 
HLA-B35 molecules. Pt and T2-B*3501 cells were stimu- 
lated with titrated fraction 30 containing the human mH pep- 
tides from CIR-B'3501 cells and then tested by using the 
NH-5.5 clone. As shown in Fig. 6, the capacity of the CTL 
clone to detect the human mH peptides was enhanced 10- 
fold when T2-B*3501 cells were used as target cells. 

Fractions 29-32 were again tested for recognition by the 
NH-5.5 clone using T2-B*3501 cells (Fig. 7). The human 
mH peptides were detected in fraction 31 from three CTL 
weakly sensitive cell lines as well as the 18514 and 22338 cell 
lines. In contrast, no human mH peptides were isolated from 
the 20073 cell line. These results demonstrated that only the 
20073 cell line does not possess human mH antigens. 

2043 Beck et al. 

12405 13159 21254 

28 33 28 33 Z8 33 

18514 20073 22338 

--~ 3 3 

28 33 28 33 28 33 

D~-Z Pt 

28 33 28 33 

fraction number 

Figure 5. Isolation of naturally occurring human mH peptides from 
cell lines expressing HLA-B35 subtypes. Fraction 28-33 derived from each 
cell line expressing the HLA-B35 subtypes were tested for recognition by 
CTL clone NH-5.5 (e)  and for cytotoxicity without CTL clone NH-5.5 
(O) by using Pt cells as target cells. 
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Figure 6. Enhancement of sensitivity to detect naturally occurring 
human mH peptides by using T2-B*3501 cells as target cells. Fraction 
31 derived from 109 CIR-B*3501 cells was dissolved in 200/zl of PBS 
and diluted. 50 #1 of each diluted sample was tested for the recognition 
by CTL clone NH-5.5 using T2-B*3501 (0) and Pt (O) cells. Percent 
specific lysis for T2-B*3501 cells loaded without peptide ( I )  and that 
for Pt cells loaded without peptide ([-]) are m0%. 

Isolation of Naturally Occurring Human mH Peptides from 
HLA-B35 Subtype Molecules Purified from CTLresistant Cell 
Lines and CTL Weakly Sensitive Cell Lines. The  h u m a n  m H  
peptides recognized by the NH-5.5 clone were isolated from 
whole-cell extract from five cell lines expressing HLA-B*3502, 
B'3503, or B'3508 (Fig. 7). This does not demonstrate di- 
rect isolation of the specific human mH peptides from these 
HLA-B35 subtype molecules. Therefore, we attempted to iso- 
late the specific human mH peptides from purified HLA-B35 
subtype molecules. HLA-B35 molecules were isolated from 
six cell lines expressing HLA-B35 sybtypes as well as from 
Pt and Dn-2 cells using Sepharose beads coupled with 4D12 
anti-B5, B35 mAb. Peptides bound to these HLA-B35 mol- 
ecules were isolated by reverse-phase HPI.C after purified HLA- 
B35 molecules were resolved in 0.1% TFA solution. Frac- 
tions 29-32 were tested for recognition by the NH-5.5 clone 
using T2-B*3501 cells as target cells (Fig. 8). The specific 
human mH peptides were again isolated from HLA-B*3502, 
B'3503, and B'3508 molecules purified from the cell lines 
expressing these HLAoB35 subtypes. The amount of the 
specific peptides isolated from these subtype molecules was 
significantly smaller than that that from HLA-B*3501 mole- 
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Figure 7. Detection of naturally occurring human mH peptides de- 
rived from whole-cell lysates from cell lines expressing HLA-B35 subtypes 
by using T2-B*3501 cells as target cells. The same fractions shown in Fig. 
5 were tested for the recognition by CTL clone NH-5.5 (0) and cytotox- 
icity without the CTL clone NH-5.5 (O) using T2-B*3501 cells as target 
cells. 
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Figure 8. Detection of naturally occurring human mH peptides iso- 
lated from HLA-B35 subtype molecules purified from cell lines expressing 
HLA-B35 subtypes. The same fractions shown in Fig. 5 were tested for 
recognition by CTL clone NH-5.5 (Q) and cytotoxicity without CTL 
clone NH-5.5 (O) using T2-B*3501 cells as target cells. 
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cules. These results indicate that three HLA-B35 subtype, 
B'3502, B'3503, and B'3508 molecules, are able to bind 
a small amount of the peptides recognized by the NH-5.5 
clone. Similarly, the peptides recognized by the NH-5.2, NH- 
5.3, and NH-5.9 clones were isolated in the same HPLC frac- 
tion from the same cell lines that yielded the peptides recog- 
nized by done NH-5.5 (Table 5). Taken together, these findings 
indicate that the human mH peptides recognized by the CTL 
clones bind to HLA-B*3502, B'3503, and B'3508 molecules 
in the cell lines expressing these HLA-B35 subtype molecules. 

Discussion 

Three CTL weakly sensitive cell lines carry HLA-B*3503 
molecules that differ from HLA-B*3501 by a single amino 
acid substitution at position 116 on the floor of the peptide- 
binding groove. Since residue 116 is located on the bottom of 
the F pocket (40, 41), it is suspected that the substitution 
of phenylalanine for serine at this position reduces the binding 
of human mH peptides. The reduction in the binding of 
human mH peptides may cause weak recognition of the cells 
expressing HLA-B*3503 by the specific CTL clones. In fact, 
the current study demonstrated that a small amount of the 
specific peptides is eluted from the cells carrying HLA-B*3503. 
In contrast, the HLA-B*3503 molecules appear to have the 
ability to bind effectively the human mH peptides on the 
cell surface because the killing of ceUs expressing HLA-B*3503 
by the CTL clone is enhanced by the stimulation of human 
mH peptides from C1R-B*3501 cells. These results imply 
that HLA-B*3503 molecules bind other self-peptides more 
effectively than the specific human mH peptides. 

HLA-B*3502 differs from HLA-B*3501 by 3 amino acid 
substitutions at positions 109, 114, and 116 on the B sheet. 
Since the CTL clones cannot kill C1R cells expressing B'3502, 
it is speculated that HLAoB*3502 molecules cannot bind the 
human mH peptides. The substitution of asparagine for 

asparatic acid at residue 114 and tyrosine for serine at residue 
116 may affect the binding of the human mH peptides be- 
cause residues 114 and 116 are located on the floor of the 
peptide-binding groove and are facing the E and F pockets, 
respectively (40, 41). The current study demonstrated that 
a small amount of human mH peptides is duted from HLA- 
B'3502 molecules purified from cell line 18514 expressing 
this subtype. On the other hand, recognition by the CTL 
clone of cell line 18514 was not induced by stimulation with 
human mH peptides eluted from B'3501 molecules. These 
results raise two possibilities: (a) HLA-B*3502 molecules can 
bind a small amount of human mH peptide that is not enough 
for the recognition by the CTL clones, or (b) the substitu- 
tions at positions 114 and 116 induce a conformational change 
of the human mH peptides bound to the HLA class I mole- 
cules, resulting in a lack of recognition by the CTL clones. 
However, it is difficult to explain the lack of recognition of 
CTL clones for the cell line 18514 expressing HLA-B*3502 
by the former hypothesis alone, since the amount of human 
mH peptides eluted from B'3502 molecules purified from 
cell line 18514 is almost the same as that from B'3503 mole- 
cules purified from the cell lines expressing HLA-B*3503 
(12405, 13159, and 21254). 

HLA-B * 3508 differs from HLA-B* 3501 by a single amino 
acid substitution at position 156. Since this residue is one 
of the peptide-binding sites facing the E pocket, it is assumed 
that the substitution of arginine for leucine affects the binding 
of human mH peptides. The current study shows that the 
amount of the human mH peptides duted from B'3508 mol- 
ecules purified from the 22338 cell line is less than that from 
B'3501 molecules purified from Dn-2 cells. However, the 
amount of human mH peptides bound to HLA-B*3508 mol- 
ecules seems to be sufficient for the recognition by the CTL 
clones, since it is significantly more than that from B'3503 
molecules purified from the cell lines expressing this B35 sub- 
type that were partially killed by the CTL clones. A previous 

Table 5. Isolation of Human mH Peptides Recognized by Four Human roll-specific CTL Clones 
from Purified HLA-B35 Subtype Molecules 

HPLC fraction 

NH5.2 NH5.3 NH5.5 NH5.9 

Cdl l ine  HLA-B35 30 31 30 31 30 31 30 31 

18514 B'3502 0* 11.2 0 15.3 0 9.9 0 13.2 

12405 B'3503 0 9.5 0 10.1 0.1 11.2 0 9.5 

13159 B'3503 14.8 15.2 15.6 16.8 11.7 13.8 20.2 22.4 

21254 B'3503 6.5 8.2 9.2 9.4 7.2 7.2 7.4 7.6 

20073 B'3507 0 0 0 0 0.3 0 0 0 

22338 B'3508 38.4 36.1 37.7 32.4 32,5 31.5 35.5 31.3 

DN-2 B'3501 50.3 41.1 69.2 60.2 64.9 51.7 65.4 58.3 

Pt B'3501 0 0 0 0 0 0 0 0 

* Percent specific lysis. 
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study using an HLA-A2 mutant at position 156 (42) demon- 
strated that 24 of 25 HLA-A2-restricted, influenza virus ma- 
trix peptide-specific CTL lines could not recognize HLA-A2 
mutant at residue 156 loaded with the peptide, whereas one 
CTL line recognized it. This study suggested that the amino 
acid substitution at residue 156 of the HLA-A2 molecule affects 
the recognition by the specific CTL clones but does not in- 
hibit binding of the peptide to the HLA class I molecules. 
The current study together with a previous study using 
HLA-A2 mutant suggests that the substitution at residue 156 
changes the conformational structure of the peptides bound 
to the HLA class I molecules, resulting in a lack of recogni- 
tion of the CTL clones. 

We recently demonstrated that the substitution of glutamic 
acid for valine at residue 152 of HLA-B*3501 does not affect 
the binding of the human mH peptides recognized by CTL 
clones NH-5.2, NH-5.3, NH-5.5, and NH-5.9, but it does 
abrogate recognition by these CTL clones (29). Since residue 
152 is also one of the residues forming the E pocket, it sup- 
ports the idea that the substitution at the position of the 
ot helix forming the E pocket changes the conformational 
structure of the human mH peptides bound to the HLA class 
I molecules. Moreover, the substitution of asparagine for 
asparaginic acid at residue 114 facing the E pocket and that 
of tyrosine for serine at residue 116 facing the F pocket seem 
to change the conformational structure of the human mH 
peptides bound to HLA-B35 molecules. The amount of human 
mH peptide bound to HLA-B*3502 molecules purified from 
the 18514 cell line is more than that bound to HLA-B*3503 
molecules purified from three CTLs weakly sensitive cell lines, 
whereas the CTL clone partially killed PBLs expressing 
B'3503 but not those expressing B'3502. Taken together, 
these observations of HLA-B*3502 and B'3508 suggest that 
T cells recognize a conformational structure of the human 
mH peptides bound to HLA-B35 molecules. 

HLA-B*3507 differs from B'3501 by a single amino acid 
substitution at position 16. It is thought that this residue 
hardly affects peptide binding because residue 16 is on the 
outer loop of the B sheet. Therefore, it is assumed that cell 
line 20073 expressing HLA-B*3507 molecules does not possess 

the human mH antigens containing the specific epitope rec- 
ognized by the CTL clones. Indeed, the current study showed 
that the specific human mH peptides are not isolated from 
this cell line, whereas HLA-B*3507 molecules can bind the 
specific peptides. 

In this study, we demonstrated that the human mH pep- 
tides recognized by four CTL clones are presented by HLA- 
B35 molecules in all 23 Japanese individuals and in 24 of 25 
German individuals. Since there is no difference in recogni- 
tion by these CTL clones for a panel ofceUs expressing HLA- 
B35 and Pt cells loaded with the peptides eluted from the 
cells expressing HLA-B35 subtypes, it is suspected that these 
CTL clones recognize a single peptide. However, it will be 
confirmed only by identification of the peptides recognized 
by four CTL clones. Further identification of the peptides 
recognized by four CTL clones is necessary to darify the 
number of human mH peptides recognized by these CTL 
clones. The current study demonstrated that at least one 
human mH antigen is conserved in the Japanese and German 
populations. 

Since human mH antigens are recognized by T cells but 
not by antibodies, their polymorphism was studied only in 
the specific T cells. This study showed that five of six cell 
lines that are not killed by the CTL clones possess the human 
mH peptides. Thus, a simple analysis using killing activity 
by CTL clones cannot reveal the frequency of a human mH 
antigen in the population. Analyses of HLA subtypes and 
human mH peptides are also required to estimate the fre- 
quency of human mH antigens in detail. We showed here 
that only 1 of 25 German people and 23 Japanese people lacks 
the human mH antigen containing the specific T cell epi- 
topes. This indicates that the human mH antigens are con- 
served beyond race. The current study also demonstrated that 
HLA-B'3501-restricted, human mH antigen-specific CTL 
clones failed to recognize human mH peptides presented by 
other HLA-B35 subtype molecules. This indicates that pre- 
cise typing of HLA subtype is particularly required in bone 
marrow transplantation in which incompatibility of human 
mH antigens induces graft rejection and graft versus host 
disease. 

We thank Dr. Peter Cresswell (Yale University, New Haven, CT) for kindly providing T2 cells, Ms. A. 
Kariyone for technical assistance, Drs. C. Schrnbach (Tokyo University, Tokyo, Japan) and A. Hill (Mas- 
sachusetts Institute of Technology, Cambridge, MA) for reviewing the manuscript, and Ms. M. Node 
for secretarial assistance. 

This work was supported by Grants-in-Aid for Cancer Research (03152038), Scientific Research (B) 
(05454204), and Scientific Research on Priority Areas (05272208) from the Ministry of Education, Cul- 
ture and Science, the Government of Japan, and by a grant from the Uehara Memorial Foundation. 

Address correspondence to Masafumi Takiguchi, Department of Tumor Biology, Institute of Medical Science, 
University of Tokyo, 4-6-1 Shirokanedai, Minato-ku, Tokyo 108, Japan. 

Received for publication 7 November 1994 and in revised form 20January 1995. 

2046 Presentation of Human Histocompatibility Peptides by HLA-B35 Molecules 

 on July 9, 2017
jem

.rupress.org
D

ow
nloaded from

 

http://jem.rupress.org/


l~fel~nces 

1. Loveland, B., and E. Simpson. 1986. The non-MHC trans- 
plantation antigens: neither weak nor minor. Immunol. Today. 
7:223-229. 

2. Zier, K.S., W.L. Elkins, and G.R. Pierson. 1982. Cytotoxic 
T lymphocyte lines (CTLL) against a human minor alloan- 
tigen. Immunogenetics. 15:501-508. 

3. Goulmy, E., A. van Leeuwen, E. Blokland, J.J. van Rood, and 
W.E. Biddison. 1982. Major histocompatibility complex- 
restricted H-Y-specific antibodies and cytotoxic T lymphocytes 
may recognize different self determinants. J. Exp. Med. 155: 
1567-1572. 

4. Goulmy, E., J.W. Gratama, E. Blokland, F.E. Zwaan, and J.J. 
van Rood. 1983. A minor transplantation antigen detected by 
MHC-restricted cytotoxic T lymphocytes during graft-versus- 
host disease. Nature (Lond.). 302:159-161. 

5. Tekolf, W.A., and S. Shaw. 1984. Primary in vitro generation 
of cytotoxic cells specific for human minor histocompatibility 
antigens between HLA-identical siblings. J. Immunol. 132: 
1756-1760. 

6. Irle, C., P.G. Beatty, E. Mickelson, E.D. Thomas, and J.A. 
Hansen. 1985. Alloreactive T cell responses between HLA- 
identical siblings. Transplantation. 40:329-333. 

7. Yamamoto, J., A. Kariyone, N. Akiyama, K. Kano, and M. 
Takiguchi. 1990. Presentation of human minor histocompati- 
bility antigens by HLA-B35 and HLA-B38 molecules. Pro~ Natl. 
Acad. Sci. USA. 87:2583-2587. 

8. Waltny, H.-J., and H.-G. Rammensee. 1990. Identification of 
classical minor histocompatibility antigen as cell-derived pep- 
tide. Nature (Lond.). 343:275-278. 

9. Rrtzschke, O., K. Falk, H.-J. Wallny, S. Faath, and H.-G. 
Rammensee. 1990. Characterization of naturally occurring 
minor histocompatibility peptides including H-4 and H-Y. 
Science (Wash. DC). 249:283-287. 

10. Falk, K., O. Rrtzschke, and H.-G. Rammensee. 1990. Cel- 
lular peptide composition governed by major histocompati- 
bility complex class I molecules. Nature (Lond.). 348:248-251. 

11. Sekimata, M., P. Griem, K. Egawa, H.-G. Rammensee, and 
M. Takiguchi. 1992. Isolation of human minor histocompati- 
bility peptides. Int. Immunol. 4:301-304. 

12. Beck, Y., M. Sekimata, S. Nakayama, G.A. Miiller, C.A. 
Mtiller, J. Yamamoto, T. Nagao, H. Uchida, N. Akiyama, A. 
Kariyone, and M. Takiguchi. 1993. Expression of human minor 
histocompatibility antigens on cultured kidney cells. Fur. J. 
lmmunol. 23:467-472. 

13. de Bueger, M., F. Verreck, E. Blokland, J.W. Drijfhout, R. 
Amons, F. Koning, and E. Goulmy. 1993. Isolation of an HLA- 
A2.1 extracted human minor histocompatibility peptide. Eur. 

J. Immunol. 23:614-618. 
14. Nuchtern, J.G., J.S. Bonifacino, W.E. Biddison, and R.D. 

Klausner. 1989. Brefeldin A implicates egress from the en- 
doplasmic reticulum in class I restricted antigen presentation. 
Nature (Lond.). 339:223-226. 

15. Yewdell, J.W., andJ.R. Bennink. 1989. Brefeldin A specifically 
inhibits presentation of protein antigens to cytotoxic T lym- 
phocytes. Science (Wash. DC). 244:1072-1075. 

16. Spies, T., and R. DeMars. 1991. Restored expression of major 
histocompatibility class I molecules by gene transfer of a puta- 
tive peptide transporter. Nature (Lond.). 351:323-324. 

17. Kelly, A., S.H. powis, L.A. Kerr, I. Mockridge, T. Elliott, J. 
Bastin, B. Uchanska-Ziegler, A. Ziegler, J. Trowsdale, and A. 
Townsend. 1992. Assembly and function of the two ABC trans- 

porter proteins encoded in the human major histocompatibility 
complex. Nature (Lond.). 355:641-644. 

18. Spies, T., V. Cerundolo, M. Colonna, P. Cresswe11, A. Town- 
send, and R. DeMars. 1992. Presentation of viral antigen by 
MHC class I molecules is dependent on a putative peptide trans- 
porter heterodimer. Nature (Lond.). 355:644-646. 

19. Attaya, M., S. Jameson, C.K. Martinez, E. Hermel, C. Al- 
drich, J. Forman, K.F. Lindahl, M.J. Bevan, and J.J. Monaco. 
1992. Ham-2 corrects the class I antigen-processing defect in 
RMA-S cells. Nature (Lond.). 355:647-649. 

20. Townsend, A., C. Ohl~n, J. Bastin, H.-G. Ljunggren, L. Foster, 
and K. K~rre. 1989. Association of class I major histocompati- 
bility heavy and light chains induced by viral peptides. Nature 
(Lond.). 340:443-448. 

21. Townsend, A., T. Elliott, V. Cerundolo, L. Foster, B. Barber, 
and A. Tse. 1990. Assembly of MHC class I molecules ana- 
lyzed in vitro. Cell. 62:285-295. 

22. van Els, C.A.C.M., J. D'Amaro, J. Pool, E. Blokland, A. Bakker, 
P.J. van Elsen, J.J. van Rood, and E. Goulmy. 1992. Im- 
munogenetics of human minor histocompatibility antigens: 
their polymorphism and immunodominance. Immunogenetics. 
35:161-165. 

23. Bodmer, J.G., S.G.E. Marsh, E.D. Albert, W.F. Bodmer, B. 
Dupond, H.A. Erlich, B. Mach, W.R. Mayr, P. Parham, T. 
Sasazuki, G.M.T. Schreuder, J.L. Strominger, A. Svejgaard, and 
P.I. Terasaki. 1992. Nomenclature for factors of the HLA sys- 
tem, 1991. Tissue Antigens. 39:161-173. 

24. Biddison, W.E., F.E. Ward, G.M. Shearer, and S. Shaw. 1980. 
The self determinants recognized by human virus-immune T 
cells can be distinguished from the serologicaUy defined HLA 
antigens. J. Immunol. 124:548-552. 

25. Cowan, E.P., B.R. Jordan, andJ.E. Coligan. 1985. Molecular 
cloning and DNA sequence analysis of genes encoding cyto- 
toxic T lymphocyte-defined HLA-A3 subtype: the E1 subtype. 

f tmmunot. 135: 2835-2841. 
26. Biddison, W.E., D.D. Kostyu, J.L. Strominger, and M.S. 

Krangel. 1982. Delineation of immunologicaUy and biochem- 
ically distinct HLA-A2 antigen. J. Immunol. 129:730-734. 

27. Gaston, J.S.H., A.B. Rickinson, and M.A. Epstein. 1983. 
Epstein-Barr virus-specific cytotoxic T lymphocytes as probes 
of HLA polymorphism. Heterogeneity of T cell-restricting de- 
terminants associated with the serologically defined HLA-A2 
antigens. J. Ext~ Med. 158:280-293. 

28. Cowan, E.P., M.L. Jelachich, J.E. Coligan, and W.E. Biddison. 
1987. Site-directed mutagenesis of an HLA-A3 gene identifies 
amino acid 152 as crucial for major histocompatibility complex- 
restricted and alloreactive cytotoxic T-lymphocyte recognition. 
Proc. Natl. Acad. Sci. USA. 84:5014-5018. 

29. Takiguchi, M., G. Kawaguchi, M. Sekimata, M. Hiraiwa, A. 
Kariyone, and Y. Takamiya. 1994. The role of the conserved 
residue in pocket A and the polymorphic residue in pocket 
E of HLA-B*3501 in presentation of human minor histocom- 
patibility peptides to T cells. Int. Immunol. 6:1345-1352. 

30. Chertkoff, L.P., M. Herrera, L. Fainboim, and M.L. Satz. 1991. 
Complete nucleotide sequence of a genomic clone encoding 
HLA-B35 isolated from a Caucasian individual of Hispanic 
origin: identification of a new variant of HLA-B35. Hum. Im- 
munot. 31:153-158. 

31. Hayashi, H., P.D. Ennis, H. Ariga, R.D. Salter, P. Parham, 
K. Kano, and M. Takiguchi. 1989. HLA-B51 and HLA-Bw52 
differ only by two amino acid which are in the helical region 

2047 Beck et al. 

 on July 9, 2017
jem

.rupress.org
D

ow
nloaded from

 

http://jem.rupress.org/


of the cr domain. J. Immunol. 142:306-311. 
32. Radka, S.F., D.D. Kostyu, and D.B. Amos. 1982. A mono- 

clonal antibody directed against the HLA-Bw6 epitope.J. Im- 
munol. 128:2804-2806. 

33. Ooba, T., H. Hayashi, S. Karaki, M. Tanabe, K. Kano, and 
M. Takiguchi. 1989. The structure of HLA-B35 suggests that 
it is derived from HLA-Bw58 by two genetic mechanisms. Im- 
munogenetics. 30:76-80. 

34. Haynes, B.F., E.G. Reisner, M.E. Hemler, J.L. Strominger, and 
G.S. Eisenbach. 1982. Description of a monoclonal antibody 
defining an HLA allotypic determinant that include specificities 
within the B5 cross-reacting group. Hum. Immunol. 4:273-285. 

35. Chomczynski, P., and N. Sacchi. 1987. Single-step method 
of RNA isolation by acid guanidinium thiocyanate-phenol- 
chloroform extraction. Anal. Biochem. 162:156-159. 

36. Little, A.-M., and P. Parham. 1991. The HLA-Bw75 subtype 
of B15: molecular characterization and comparison with cross- 
reacting antigens. Tissue Antigens. 38:186-190. 

37. Sood, A.K., D, Pereira, and S.M. Weissman. 1981. Isolation 
and partial nucleotide sequence of a cDNA clone for human 
histocompatibility antigen HLA-B by use of an oligodeox- 

ynucleotide primer. Proc. Natl. Acad. Sci. USA. 78:616-620. 
38. Theiler, G., M. Pando, J.M. Delfino, M. Takiguchi, and M.L. 

Satz. 1993. Isolation and characterization of two new func- 
tional subtypes of HLA-B35. Tissue Antigens. 41:143-147. 

39. Zemmour, J., A.-M. Little, D.J. Schendel, and P. Parham. 1992. 
The HLA-A, B "negative" mutant cell line CIR expresses a 
novel HLA-B35 allele, which also has a point mutation in the 
translation initiation codon. J. Immunol. 148:1941-1948. 

40. Bjorkman, P.J., M.A. Saper, B. Samraoui, W.S. Bennett, J.L. 
Strominger, and D.C. Wiley. 1987. Structure of the human 
class I histocompatibility antigen, HLA-A2. Nature (Lond.). 
329:506-512. 

41. Saper, M.A., P.J. Bjorkman, and D.C. Wiley. 1991. Refined 
structure of the human histocompatibility antigen HLA-A2 
at 2.6A resolution. J. Mol. Biol. 219:277-319. 

42. Hogan, K.T., N. Shimojo, S.F. Walk, V.H. Engelhard, W.L. 
Maloy, J.E. Coligan, and W.E. Biddison. 1988. Mutations in 
the c~2 helix of HLA-A2 affect presentation but do not inhibit 
binding of influenza virus matrix peptide. J. Exp. Med. 168: 
725-736. 

2048 Presentation of Human Histocompatibility Peptides by HLA-B35 Molecules 

 on July 9, 2017
jem

.rupress.org
D

ow
nloaded from

 

http://jem.rupress.org/

