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Effect of IFN-y on Expression of HLA
in Bare-Lymphocyte Syndrome-Like Cell Line HAJ
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Abstract. We compared HLA antigen expression on new B-lymphoblastoid cell line (B-LCL) HAJ with that on
B-LCLs expressing normal HLA levels as well as on B-LCLs derived from bare lymphocyte syndrome (BLS)
patients and in vitro mutated B-LCLs of BL S-like phenotype. HAJ cells had no expression of HLA class Il and
low expression of class | antigens similarly to some of BLS B-LCLs, athough HAJ cell line was derived from
lymphocytes of HLA class |- and class [1-normally expressing donor. HAJ cells displayed B lymphocyte markers,
surface immunoglobulin and CD19. Culture of HAJ cells in the presence of interferon y resulted in HLA class
| antigen upregulation, but did not restore class |1 expression. The cell line HAJ may prove useful for studies on
factors influencing HLA class | cell surface expression.
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Introduction

Bare lymphocyte syndrome (BLYS) is a rare severe
immunodeficiency disease manifesting with a lack of
human leukocyte antigen (HLA) class |1 molecules al-
though the class Il genes are present. As these mole-
cules play a pivota role in antigen presentation, BLS
patients are prone to bacterial, fungal and protozoan
infections and die in early childhood unless succes-
sfully transplanted with normal alogeneic bone mar-
row® 2°. Numerous B-lymphoblastoid cell lines (B-LCLS)
were derived from BLS patients by immortalisation
with Epstein-Barr virus (EBV). These cell lines provide
information on mechanisms controlling the expression
of HLA class |l genes. At least four, and possibly more,

complementation groups of cell lines with different
genetic defects are already known (Table 1). In addi-
tion, several in vitro mutated cell lines exhibiting simi-
lar or other defects were also described® °. We have
recently reported on a new B-LCL, HAJ. It was found
to have BL S-like phenotype (i.e. no class |1 expression)
athough it was derived from a renal insufficiency pa-
tient with normal class Il expression*. A comparison
of HLA class | and class Il expression on HAJ célls
with that on cell lines belonging to four complementa:
tion groups is presented here.

Interferon y (IFN-y) is potent upregulator of major
histocompatibility complex (MHC) class | and class Il
gene expression’® 22 2, Since we have found that HAJ
cells do not express class || antigens (ref. > 14 and this
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Table 1. Cell lines used in this study
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Cell line Genetic defect

PAJ None known (derived from a healthy donor); normal phenotype

FG Mutation in phosphomannomutase gene; derived from a type | carbohydrate-deficient glycoprotein syndrome
patient; normal HLA expression

HAJ Nature of the defect not definitely known (CIITA? See Discussion); low cell surface expression of HLA class
| antigens, no expression of HLA class Il genes; derived from renal insufficiency patient with normal HLA
expression

Daudi Mutations in both aleles of B2-microglobulin resulting in lack of cell surface of HLA class | antigens, but
normal expression of HLA class Il antigens; derived from Burkitt lymphoma cells

721.174 In vitro immunosel ected deletion of entire HLA class Il region including TAP genes from one chromosome
and of entire HLA complex from the other chromosome; no HLA class Il expression and extremely low cell
surface expression of HLA class | antigens due to the lack of TAP

T2 721.174 x CEM cdl hybrid lacking both HLA-bearing chromosomes of CEM partner; HLA phenotype
identical to that of 721.174 parental line

RJ2.2.5 In vitro induced mutation of CIITA genein cell line Ragji resulting in lack of HLA class I gene expression;
complementation group A

BLS1 Mutation in transcription factor RFX-B (RFX-ANK) gene; derived from a BLS patient; phenotype as above;
complementation group B

SO Mutation of transcription factor RFX5 gene; derived from a BLS patient; phenotype as above;
complementation group C

6.1.6 In vitro induced mutation of transcription factor RFXAP gene; phenotype as above; complementation group D

report) and display only low levels of cell surface class |
antigens (see Results), we examined the effect of IFN-y
onclass | and class || antigen expression on these cells.

Materials and Methods

Cell lines. Characteristics of cell lines used in this
work are presented in Table 1.

HAJ and PAJ B-LCLs were described elsawhere! 14 %2,
PAJ cells express HLA-DR, -DQ and -DP class Il as
well asHLA class | antigens, and served here as a posi-
tive control. FG cell line was obtained from Dr. Gert
Matthijs, Katholieke Univerzitet Leuven, Belgium, due
to courtesy of Dr. Bogna Litwihska, State Institute of
Hygiene, Warsaw, Poland. It expresses normal levels
of HLA class | and class Il antigens (Nowak et a.,
manuscript in preparation) and therefore also served
here as a positive control. Daudi* cell line was gener-
ously offered by Dr. Antonio Jureti¢, Department of
Research, Kantonsspital Basel, Switzerland. Daudi
cells served here asHL A class I-negative, class |1-posi-
tive control.

Following cell lines were used here as HLA class
lI-negative cells: non-transfected SJO cell ling? was
akind gift of Dr. Janice S. Blum, University of Indiana,
Indianapolis, USA. Five cell lines were obtained from
Dr. Susan Kovats, University of Washington, Seattle,

USA, with kind help from Dr. Stefan Martin from the
same University and Dr. Stephanie Weinreich, Dutch
Red Cross Blood Transfusion Centre, Amsterdam, the
Netherlands: three cell lines, BLS-1%°, SJO, and 6.1.6°
were obtained as HLA-DRA and hygromycin-resist-
ance double transfectants, BLS-1 (DRA hygro), SJO
(DRA hygro), and 6.1.6 (DRA hygro), that did not ex-
press cell surface HLA-DR antigens because DRB gene
did not function in these cells due to defects of tran-
scription factors (Dr. S. Kovats, personal communica
tion; see also Table 1 and Fig. 2). T2 hygromycin-re-
sistant cell line and nontransfected RJ2.2.5" cell line
were also obtained from Dr. S. Kovats. 721.174° cell
line was kindly sent by Dr. Jean Petersen and Dr.
Robert DeMars, University of Wisconsin, Madison,
USA.

RJ2.2.5, BLS-1, SJO and 6.1.6 cell lines fall into
four complementation groups (Table 1), i.e. hybrido-
mas between groups complement each other, restoring
HLA class Il expression, whereas hybrids of cells be-
longing to the same group (possessing a defect in the
same gene) remain HLA class |1-negative®® 2,

Cdll culture. Cells were kept in suspension culture
as described' 5. Interferon y (Genentech, USA) was
added to cell cultures at 600 or 1000 pg/ml (final con-
centration) for 2 to 3 days. Then cells were harvested,
washed and subjected to incubation with monoclonal
antibodies for flow cytometry testing (see below).
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Table 2. Reagents used for flow cytofluorimetry
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Antibody Specificity Ig class
Anti-HLA class I:
W6/32 HLA-A, B, C 1gG2alk
HB118 (clone PA2.6) HLA-A, B, C 1gG1
HB82 (clone BB7.2) HLA-A2 1gG2b
LN29 HLA-(B), C
TU149 HLA-(B), C 1gG2a
Anti-HLA class Il1:
L243 HLA-DR, unlabeled or phycoerythrin (PE)-conjugated 1gG2a
HB104 (clone 2.06) HLA-DR 1gG1
B7/21 HLA-DP 1gGL/k
Anti-B and -T cell markers:
4G7 CD19 1gGL/k
UCHT1 CD3 1gGL/k

Anti-immunoglobulin sera, fluorescein isothiocyanate (FI TC)-conjugated:

RAMIG-FITC Rabbit anti-mouse immunoglobulin

GAMIG-FITC Goat anti-mouse immunoglobulin

GAHIG-FITC Goat anti-human immunoglobulin
Fluorochrome control:

Str-PE Streptavidin, phycoerythrin (PE)-conjugated

Mouse monoclonal antibodies, other immunofluo-
rescence reagents, and flow cytometry. Reagents used
for flow cytometry are presented in Table 2. Mouse
monoclonal antibodies were either kindly offered by
Dr. Barbara Uchahska-Ziegler, Humboldt University,
Berlin, Germany (antibody TU149), Professor Claudia
A. Mudler, University of Tuebingen, Germany (LN29),
and Dr. Giulio Spagnoli, Department of Research, Kan-
tonsspital Basel, Basel, Switzerland (HB82, HB104,
HB118), or purchased from Becton Dickinson (B7/21,
4G7, and unlabelled or phycoerythrin (PE)-conjugated
L243), from Dako (W6/32 and fluorescein isothio-
cyanate (FITC)-conjugated UCHT1) and from Serotec
(FITC-conjugated W6/32).

PE-conjugated streptavidin (Becton Dickinson) served
as a negdtive control for PE-conjugated antibody L243.
FITC-conjugated goat anti-human immunoglobulin serum
(GAHIG-HTC, Behringwerke AG, Marburg, Germany)
was used for detection of cdl surface immunoglobulins.
FITC-conjugated rabbit anti-mouse immunoglobulin serum
(RAMIG-HTC) was used for detection of unlabelled anti-
bodies bound to cdls (indirect fluorescence).

Fluorochrome-conjugated monoclonal antibodies or
GAHIG-FITC wereused for direct staining of cells. For
indirect immunofluorescence, cells werefirst incubated
with unlabelled antibodies, washed, and incubated with
FITC-RAMIG. Indirect and direct fluorescence and
flow cytometry were performed following recommen-
dations of Becton Dickinson and analyzed using FAC-

Scalibur flow cytofluorimeter and CellQuest software
(Becton Dickinson).

Results

HAJ cells are HLA class |1-negative similarly to BLS
cell lines and in vitro class Il deletion mutants

HAJ cells were negative with anti-HLA-DR anti-
body L243 aswell aswith anti-HLA-DP antibody (Fig.
1A, Fig. 2A and results not shown). Another anti-HLA-
-DR antibody, HB104, stained strongly PAJ cells but
staining of HAJ was very weak (Fig. 1B) and pressum-
ably nonspecific, because 1) HLA-DR gene was not
expressed in HAJ cells', 2) background staining with
another antibody, HB82, directed to HLA-A2 antigen
that is not present on HAJ cells* 4, was identical to
HB104 staining (Fig. 1B), and 3) in other experiments,
the antibody HB104 did not bind to HAJ cells over
RAMIG-FITC control (e.g. see Fig. 4A below for com-
parison). ThisHLA class I1-negative phenotype of HAJ
cellswas similar to that of BLS-derived cell linesBLS-
1, BLS-2 and SJO, to BLS-likein vitro mutant cell lines
RJ2.2.5 and 6.1.6, and to HLA class Il region deletion
mutant cell lines T2 and 721.174 (Fig. 2 and unpub-
lished results). In all these experiments, class |l positive
B-LCLs Daudi and PAJ were strongly positive with
anti-HLA-DR and anti-HLA-DP antibodies (Fig. 1 and
Fig. 2).
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HAJ cells express lower levels of HLA class
| antigens than normal cell lines

HLA class | expression as revedled by flow cyto-
metry with pan-class | antibody W6/32 and anti-HLA-C
antibodies LN29 and TU149 was much weaker than
on control PAJ cells, and it was frequently bimodal
(Fig. 1A and 1B). Similar results were also obtained
with another pan-class | antibody, HB118 (not shown).
Class | expression on HAJ cells was aso somewhat
lower than on mgjority of BLS and BLS-like cell lines
(Fig. 2A and data not shown here).
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HAJ cell line is B lymphocyte-derived

The cell line HAJ was derived from an HLA class
[1-positive donor by transformation of peripheral blood
lymphocytes by EBV in vitro'4. Although, among leu-
kocytes, the EBV most frequently infects and trans-
forms B lymphocytes, the absence of HLA class|| anti-
gens from the surface of cells derived from HLA class
I1-positive donor suggested that in this particular case,
the virus might have transformed another type of a cell.
To test this assumption, we stained HAJ cells with anti-
bodies to B lymphocyte surface markers, immunoglo-
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Fig. 1. HLA cell surface expression on HAJ cells. A — comparison of HLA expression on HAJ cells with that on class I-negative, class
I1-positive Daudi cells. HLA-A, B, C, antibody W6/32; HLA-DR, antibody L243. B — comparison of HLA expression on HAJ cells with
that on normal HLA expressor PAJ cells. Bold line, antibodies: W6/32, anti-HLA-A, B, C; LN29 and TU149, anti-HLA-C; HB82,
anti-HLA-A2; HB104, anti-HLA-DR. Thin line, RAMIG-FITC (negative control)



I. Nowak et a.: Effect of IFN-y on HLA in Cell Line HAJ

B

HAJ
o
~
@
W6/32 5
8
o
10 10" 102 10° 10*
FL1-H
o
~
P
[
LN29 3
o
102 10" 10% 10° 10*
FL1-H
o
~
TU149
@
oy
=3
(o)
(@]
o
10 10" 10° 10° 10*
FL1-H
(@]
[
HB104
[ g
3
(o]
o
o
102 10! 102 10% 104
FL1-H
[&]
N~
HB82 2
3
8
o

PAJ
o
~
[3
£
=3
[o]
(@]
(=)
10° 10" 102 10% 10*
FL1-H
o
M~
w
£
3
[e]
O
o
102 10! 10% 10° 10*
FL1-H
(@]
~
wn
£
3
(o]
8
(e}
102 10" 102 10° 10*
FL1-H
(@]
g
@
jad
=3
[«]
(@]
(o)
102 10" 102 10° 10*
FL1-H
(=)
[
[7)]
£
3
()
(@]
o
10° 10! 102 10° 10
FL1-H

457



458

350r ORAMIG

EDR
BEDP
EIW6-F

3001

2501

200+

150

Mean fluorescence

100

50

(=]

3000

ORAMIG
EDR
mDP

2500

EWeé

2000

15001

Mean fluorescence

10001

500

6.1.6-DRA SJO-DRA

A
PAJ BLS1- RJ2.2.5

DRA

Fig. 2. HLA expression on HAJ cells and on BLS and BLS-like
cell lines. The bars represent mean fluorescence. DR, antibody L 243
(anti-HLA-DR); DP, antibody B7/21 (anti-HLA-DP); W6, antibody
W6/32 (anti-HLA-A, B, C); RAMIG, i.e. RAMIG-FITC, negative
control. A — comparison of HLA expression on HAJ cells with that
on class |-negative, class I1-pogtive Daudi cdlls and on BLS-derived,
class I-low, class Il-negative SJO cells. B — comparison of HLA
expression on BLS and BLS-like cells with that on normal HLA
expressor PAJ cells
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Fig. 3. HAJ cells display B lymhocyte but not T lymphocyte mar-
kers. First four bars: GAMIG-FITC alone (control) or with addition
of W6/32, CD3 and CD19, asindicated in the legend. Last two bars:
phosphor-buffered saline (control) or GAHIG-FITC
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bulins (Ig) and CD19, as well as to the T lymphocyte
antigen, CD3. Asit is shown in Fig. 3, there was strong
expression of surface Ig and CD19, but no CD3 was
detected. Similar result was obtained with the control
B-lymphoblastoid cell line PAJ (not shown). Thus,
HAJ cells revealed a B cell phenotype.

IFN-y upregulates class | HLA expression on HAJ
cells but does not restore class |1 expression

Constitutive expression of class || antigen islimited
to professional antigen-presenting cells: dendritic cells,
B lymphocytes and activated macrophages. However,
it may be induced on other cell types by IFN-y* 2. On
the other hand, class | antigens are congtitutively ex-
pressed on amost all cells in the body. Nevertheless,
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Mean net fluorescence

SJO FG

Mean net fluorescence

HAJ T2
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Fig. 4. Effect of IFN-y pretreatment on HLA dass Il (A) and class |
(B) expression on HAJ cells as compared with normal and mutant
cell lines. Cells were cultured for 72 h with 600 U/ml IFN-y (+1FN)
or without it (—IFN), washed, stained with (A) anti-HLA-DR (L243)
or (B) anti-HLA-A, B, C (HB118) antibody, and analyzed by flow
cytofluorimetry. Similar results were obtained in two other experi-
ments
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this expression may also be upregulated by exposure to
IFN-y"= 2 2 Since HAJ cells expressed no class I
antigens and only low levels of class | antigens, we
checked whether treatment with 1FN-y would restore
class I and/or augment class | expression on HAJcells.
From 48 to 72 h culture in the presence of 600-1000
U/ml IFN-y failed to induce class Il expression on HAJ
or BLS cell lines (Fig. 4A and data not shown). For
obvious reasons, it also did not restore class |1 mole-
cules on class |1 region deletant cell line T2 (Fig. 4A).
Although there was a single report showing downregu-
lation by IFN-y of cell surface class Il MHC antigens
on mouse B lymphocytes'®, we observed rather oppo-
site, if any, effect of this cytokine on class I1-positive
human B-LCLs PAJ and F. G. (Fig. 4A and data not
shown).

In the same experiments, exposure to IFN-y in two
out of three experiments upregulated class | expression
on HAJ cdlls; its effect on other cell lines was weaker
and variable (Fig. 4B and experiments not shown).

Discussion

We found that HAJ cells lack HLA class |1 expres-
sion and exhibit low HLA class | expression on the cell
surface. We established previously that cell surface and
intracellular class |1 antigens are absent from HAJ cells
because class Il genes, abeit present, are not ex-
pressed'® . Thus, HAJ cells are phenotypically similar
to cell lines derived from BLS patients. It should be
emphasised that the cell line HAJ was derived from
lymphocytes of an HLA class II- and class |-positive
donor’®, and it originated from B lymphocyte and not
from other, class I1-negative cell lineage as evidenced
by the presence of B lymphocyte markers and absence
of T lymphocyte antigen CD3. Thus, the defect of class
Il expression must have happened during establishment
of this cell line in vitro.

Low cell surface expression of HLA class | antigens
on HAJ cells makes them similar to some BL S-derived
cell lines such as SJO, and to HLA class Il plus TAP
deletion mutant cell line T2. Functional TAP molecule,
encoded by TAP1 and TAP2 genes located between
HLA-DQ and HLA-DP genes®, is necessary for effi-
cient loading of class I molecules with peptides, their
stable complexing with (3, microglobulin, and sub-
sequent transport to the cell surface® 2*. The presence
of HLA-DRB1, -DQA-1 and -DPA-1 genes in the HAJ
genotype'> 4 makes deletion of TAP gene(s) unlikely.
Low constitutive expression but preserved capahility to
upregulate cell surface class | molecules upon stimula-
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tion with IFN-y suggests that there is an additional
regulatory mechanism whose defect in HAJ cellsisre-
sponsible for low level of class | expression in the ab-
sence of IFN-y. Interestingly, recent reports™® 2> 2 in-
dicate that class Il transactivator (CIITA) molecule,
originally thought to selectively influence class I gene
expression (hence its name), actually enhances aso
class | expression. CIITA gene itself is also postively
regulated by IFN-y*’. There are, therefore, two ways of
class | upregulation by the IFN-y: a “classcal” one
through interferon response sequence (IRE), and
a“new” one mediated by CIITA” & 22 2 |t was then
conceivable that CII TA mutation was responsible both
for the lack of class Il and for the low level of class
| expresson on HAJ cells. Therefore, we attempted to
fuse HAJ cellswith hygromycin sel ective marker-trans-
fected BLS and BLSlike cell lines belonging to four
complementation groups shown in Table 1. These HAJ
x BLS fusion experiments appeared not to be possible

because HAJ cells displayed extremely high resistance

to hygromycin similar to that of the transfectants'®. How-
ever, transent hybridoma experiments reveded lack of
functiona CIITA in HAJ cdls, locating them in the com-
plementation group A (Dr. Barbara Lisowska-Grospierre,
Hopita Necker, Paris, persona communicetion). As
shown here, the defect of class |l expression could not be
compensated for by stimulation with IFN-y, whereas this
cytokine upregulated class | expression, presumably
through the “classical” pathway independent of CIITA.

Acknowledgment. We are indebtedly grateful to Drs Janice S. Blum,
Susan Kovats, Joan Peterson, Robert DeMars, Antonio Jureti¢ and
Gert Matthijs for cell lines, to Drs Stephanie Weinreich, Bogna
Litwihska and Stefan Martin for their help in bringing these cell
lines to our laboratory, to Prof. Claudia Mueller, Dr. Barbara
Uchahska-Ziegler and Dr. Giulio Spagnoli for monoclona anti-
bodies, and to Dr. Egbert Piasecki for IFN-y. This work was sup-
ported in parts by the Institute of Immunology and Experimental
Therapy and by the State Committee for Scientific Research (KBN)
grant no. 4.P05B.141.19.

References

1. AcoLLA R. S. (1983): Human B cell variants immunosel ected
against asingle la antigen subset have lost expression in several
la antigen subsets. J. Exp. Med., 157, 1053-1058.

2. BuLL M., VAN HOEF A. and Gorski J. (1990): Transcription
analysisof class Il human leukocyte antigen genes from normal
and immunodeficient B lymphocytes, using polymerase chain
reaction. Mal. Cell. Biol., 10, 3792-3796.

3. DEMARSR,, CHANG C. C., SHAW S., REITNAUER P. J. and Son-
DEL P. M. (1984): Homozygous deletions that simultaneousy
eliminate expressions of class | and class Il antigens of EBV-
-transformed B-lymphoblastoid cells. |. Reduced proliferative



460

10.

11

12.

13.

14.

responses of autologous and alogeneic T cells to mutant cells
that have decreased expression of class Il antigens. Hum. Im-
munol., 11, 77-97.

. DE PrevaL C. and MAcH B. (1983): The absence of 2-micro-

globulin in Daudi cells: active gene but inactive messenger
RNA. Immunogenetics, 17, 133-140.

. GLADSTONE P. and Pious D. (1980): Identification of a transac-

ting function regulating HLA-DR expression in a DR-negative
B cell variant. Somat. Cell Genet., 6, 285-298.

. GLIMCHER L. H. and KARA C. J. (1992): Sequences and fac-

tors: a guide to MHC class|I transcription. Annu. Rev. Immu-
nol., 10, 13-49.

. GoBIN S. J. P., PEIINENBURG A., KEIJSERS V. and VAN DEN

ELsEN P. J. (1997): Site a is crucia for two routes of IFNy-in-
duced MHC class | transactivation: The |SRE-mediated route
and anovel pathway involving CHITA. Immunity, 6, 601-611.

. GOBIN S. J. P., PEIINENBURG A., VAN EGGERMOND M., VAN

ZUTPHEN M., VAN DEN BERG R. and vAN DEN ELSEN P. J.
(1998): The RFX complex is crucial for the constitutive and
CIITA-mediated transactivation of MHC class | and B2-micro-
globulin genes. Immunity, 9, 531-541.

. HOBART M., RAMASSAR V., GOES N., URMSON J. and HALLO-

RAN P. F. (1997): IFN regulatory factor-1 playsacentra rolein
the regulation of the expression of class | and class Il MHC
genesin vivo. J. Immunol., 158, 4260-4269.

HumE C. R. and LEe J. S. (1989): CIDs associated with ab-
sence of HLA class Il antigens on lymphocytes result from
distinct mutations in trans-acting factors. Hum. Immunol., 26,
288-309.

Ko A., Dusis J., WOoJXIECHOWSKA 1., MACKIEWICZ Z.,
GorczycAa W., Myc A., KUuPRYszEwsKI G., MANCZAK M.,
Myc P. and KuSNIERczyk P. (1998): Studies on hinding of
HIV-1 p24%% peptide to HLA-Cw3" cells. Immunol. Lett., 64,
57-62.

Ko&¢ A., MANczAK M., DuBis J. and KuSNIERCZYK P. (1998):
B-lymphablastoid cell line HAJ, derived from HLA-DR-posi-
tive donor, does not express HLA-DR. Cent. Eur. J. Immunol.,
23, 26-29.

MAFFeEl A., PapaDoPoULOS K. and HARRIS P. E. (1997): MHC
class | antigen processing pathways. Hum. Immunol., 54, 91—
103.

MANczak M., DuBlis J., KoSE A., BALDY-CHuDzIK K., MACH-
NICKI M., PAcHOLCZYK R., PRUssak M., NowakowskA B. and
KUSNIERCZYK P. (1996): A new lymphaoblastoid cell line defec-

15.

16.

17.

18.

10.

20.

21.

22.

23.

24.

I. Nowak et a.: Effect of IFN-y on HLA in Cell Line HAJ

tiveinclass|l HLA expression. Arch. Immunol. Ther. Exp., 44,
171-178.

MANCzAK M., ZIELINSKA-DAWIDZIAK M., PRUssak M., DuBIS
J.,, Kost A., Dus D., WomAT E. and KuSNIERCZYK P. (1998):
Human in vitro cell lines verification by minisatellite DNA
restriction fragment length polymorphism. Cancer Lett., 128,
113-120.

MonD J. J., CARMAN J., SARMA C., OHARA J. and FINKELMAN
F. D. (1986): Interferon-y suppresses B cell stimulation factor
(BSF-1) induction of class Il MHC determinants on B cells.
J. Immunoal., 137, 3534-3537.

MUHLETHALER-MOTTET A., DI BERNARDINO W., OTTEN L. A.
and MAcH B. (1998): Activation of the MHC class |1 transacti-
vator CIITA by interferon-y requires cooperative interaction
between Stat-1 and USF-1. Immunity, 8, 157-166.

NowaAK |., KoztowskA A., ZIELINSKA-DAWIDZIAK M., JAN-
Kowsk! A. and KuSNIERCZYK P. (2000): B-lymphoblastoid cell
line HAJisresistant to high doses of hygromycin B similarly to
hygromycin-resistance transfectants. Cent. Eur. J. Immunal.,
25, 63-65.

RIBERDY J. M. and CRESSWELL P. (1992): The antigen-proces-
sing mutant T2 suggests a role for MHC-linked genes in class
Il antigen presentation J. Immunol., 148, 2586—2590.

SteIMLE V., REiTH W. and MACcH B. (1996): Mgjor histocom-
patibility complex class Il deficiency: a disease of gene regula-
tion. Adv. Immunol., 61, 327-340.

The MHC Sequencing Consortium (1999): Compl ete sequence
and gene map of a human mgor histocompatibility complex.
Nature, 401, 921-923.

VAN DEN ELSEN P. J, GoBIN S. J. P., VAN EGGERMOND
M. C. J. A. and PEIINENBURG A. (1998): Regulation of MHC
class | and class Il gene transcription: differences and simi-
larities. Immunogenetics, 48, 208-221.

VAN DEN ELSEN P. J., PEIINENBURG A., VAN EGGERMOND
M. C. J A. and GoBIN S. J. P. (1998): Shared regulatory ele-
ments in the promoters of MHC class | and class |l genes.
Immunol. Today, 19, 308-312.

YounG N. T., MULDER A., CERUNDOLO V., CLAASF. H. J. and
WELsH K. I. (1998): Expression of HLA class | antigens in
transporter associated with antigen processing (TAP)-deficient
mutant cell lines. Tissue Antigens, 52, 368-373.

Received in August 2001
Accepted in September 2001



