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SUMMARY

Immunosenescence involves modifications of humoral and cellular immunity. In a previous study, we
have shown a locus-dependent reduction of HLA class-I cell surface expression on peripheral
lymphocytes and monocytes with advancing age. Here we report the quantitative analysis of HLA-A and
-B transcripts from PBL of 54 healthy subjects aged 21-90 years. Using a competitive RT-PCR method,
we observed a significant decrease of HLA-A (P < 0-0001) and -B (P = 0-0025) mRNA contents with
increasing age. Secondly, to investigate this locus-dependent alteration of HLA class-I transcription, we
performed EMSA using nuclear extracts from PBL of five young (24—31-year-old) and 5 elderly (58—69
years old) donors with locus A and B sequences of the Enh-A as probes. No qualitative variation of
EMSA profiles appeared between the two groups of donors with 6 and 4 bandshift for the locus A and B,
respectively. Quantitatively, we observed a significant increase of B4 intensity in the elderly group
compared to the young group (P < 0-05). These results suggest that the variation of DNA binding
protein could contribute to the lower transcription of HLA-A and -B with ageing. These alterations of
HLA class-I expression at the transcriptional level could lead to the unresponsiveness of CD8 T cells due

to default of antigen presentation with ageing.
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INTRODUCTION

Advancing age is associated with a decline in cell-mediated and
humoral immune responsiveness [1,2] which involves various
mechanisms [3,4]. In spite of the key role of the major
histocompatibility complex (MHC) in immune response, data
concerning MHC implications in ageing remain scattered.

MHC molecules are highly polymorphic molecules, essential
in the human response because they present peptide to T cells.
MHC products may be implicated in ageing in two ways: their
polymorphism and their capacity to present peptides to T cells.
The implication of human leucocyte antigens (HLA) polymorph-
ism on human longevity are controversial: Izaks et al. [5] did not
observe any HLA alleles involved in mortality after the age of 85,
whereas some data support the direct involvement of HLA class-1I
alleles in survival at a very old age [6].

MHC class-I-molecules present endogenous peptides to
cytotoxic T cells, whereas MHC class-II molecules present
exogenous peptides to helper T cells [7]. The recognition of T
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cell requires cell surface expressions of the T cell receptor and of
the peptide-MHC molecules. Any alteration of the expression of
one of those components can affect the T cell recognition and
therefore the immune response. In senescent mice, the density of
TCRaB remains stable [8] while MHC class-I molecules
expression increase on splenocytes [9]. In humans, we have
shown a decrease of HLA class-I expression on peripheral T and B
lymphocytes and on monocytes with increasing age [10]. The
density of one specific peptide-MHC complex requires a
minimum of 200 molecules to allow T cell recognition and lysis
by cytotoxic T lymphocytes [11]. Therefore, the decreased
expression of HLA class-I could contribute to immunological
unresponsiveness, especially towards endogenous tumoral and
viral antigens. In contrast, we did not observe any modification of
HLA class-II (DR) expression on peripheral B cells and
monocytes, which are involved in the presentation of antigens to
helper-T cells [10]. The decrease of HLA class-I expression was
not associated to a modification of expression of other cell
differentiation markers such as CD3, CD19 and CD14. Therefore
our data show that the loss of HLA class-I expression is a feature
of senescence. This observation could be due to different
mechanisms: (i) cell shedding, which may explain the increase
of soluble HLA-I (sHLA-I) level in the elderly [12];
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(i) modification of assembling and transport; and (iii) alteration
of synthesis and its regulation.

As a consequence of their different immunological functions,
the control of MHC class-I1 and class-II gene expression shares
some differences but also some similarities [13]. Schematically,
MHC class-I and class-II promoters exhibit a common set of
regulatory elements. In addition, MHC class-I promoter is
distinguished by two cis-acting elements: the Enhancer A (Enh-
A) and the interferon stimulating response element (ISRE). MHC
class-I gene expression is controlled mainly at the transcriptional
level in a locus-specific manner [14]. Notably, HLA-A and -B
genes are not tightly co-ordinated in their transcription, especially
regarding the Enh-A cis-trans regulation.

The aim of our study was to analyse potent mechanisms
involved in the changes of HLA expression on peripheral blood
leucocytes (PBL) with ageing: first, we performed a quantification
of both HLA-A and -B transcripts from PBL using a competitive
RT-PCR procedure. Secondly, we searched for the implication of
transcription elements by electromobility shift assays (EMSA) of
locus A and B Enh-A sequences using nuclear extracts of PBL
from young and elderly donors.

MATERIALS AND METHODS

Quantitative RT-PCR

Blood donors and isolation of PBL. Fifty-four healthy
volunteers were included in this study, recruited according to
the SENIEUR recommendations [15]. Subjects were aged from 21
to 90 years, consisting of 31 females and 23 males, and were
informed of the objectives of the study. Blood (10 ml) was drawn
into sterile heparinized tubes and the mononuclear cells were
isolated by centrifugation over Ficoll-Hipaque (Eurobio, Les Ulis,
France).

RNA extraction and reverse transcription. Total RNA was
extracted from PBL using RNA NOW (Ozyme, Montigny-le-
Bretonneux, France). cDNA was reverse transcribed from 1 pug of
total RNA using an oligo d(T) primer (Pharmacia, Uppsala,
Sweden) and 200 U of reverse transcriptase (Life Technologies,
Cergy-Pontoise, France) as described previously [16].

Production of internal standards. HLA-A and -B fragments
differing from one another in length (257 and 259 pb,
respectively) were produced by PCR amplifications of 1 ul of a
c¢DNA sample in 50 ul of Tag 1x PCR buffer containing 200 um
of each dNTP, 100 ng of each primer and 1 U Tag polymerase
(Pharmacia). The sense primer, corresponding to the «3
extracellular domain of HLA class-I molecules encoded by the
fourth exon was shared by HLA-A and -B genes (P1 : 5'-CTACC
CTGCGGAGATCAC-3"). The antisense primers, corresponding

to the transmembrane part of HLA class-I molecules encoded by
the fifth exon, were designed to be specific for HLA-A or -B
genes (P2 : 5-AGAGAACCAGGCCAGCAAT-3' and P3:5'-
TAGGACAGCCAGGCCAGCAACA-3',  respectively)  [17]
(Fig. 1). Amplifications were carried out using multistep
programmes: 1 cycle at 94°C for 5 min, 35 cycles (94°C for
30 s, 54°C (HLA-A) or 56°C (HLA-B) for 30 s and 72°C for 30 s)
and 1 cycle at 72°C for 7 min. HLA-A and -B internal standards
were obtained by mutagene PCR amplifications of the 257 and
259 bp fragments using a sense primer (P1mut: 5'-CTACCCTGC
GGAGATCACCCTGGCAGCGGGATG-3’) and the previous
antisense primers (P2 or P3). These later amplifications were
used to generate 252 and 254 bp fragments by the deletion of the
first five nucleotides following P1. These HLA-A and -B mutated
fragments were separated on a 1-2% agarose gel, eluted using a
QIAquick Gel Extraction Kit (Qiagen, Hilden, Germany) and
cloned into the pCRII-TOPO vector (Invitrogen, Leek, the
Netherlands) according to the manufacturer’s instructions, and
sequenced to check the integrity of the sequence.

Competitive PCR. Competitive PCR was realized as described
previously by Vincent et al. [16]. Briefly, competitive PCR
consisted of the co-amplification of 2 ul of cDNA sample and a
known quantity of HLA-A or -B internal standard determined by
0.D.2600m using a fluorescent P1 as sense primer and P2 or P3 as
antisense primers for HLA-A or -B loci. Amplifications were
carried out using previously described multistep programmes with
a reduced number of amplification cycles (x 25).

Electrophoresis and quantification of the mRNAs. Each
amplification was diluted in distilled water (1/50) and 1 wl was
mixed with 25 wl of formamide solution and 0-5 w1 of ROX-500
(Perkin-Elmer, Foster City, CA, USA) was added as size marker.
The resulting mixture was heat denaturated at 95°C for 5 min and
loaded on a 4% acrylamide gel and analysed by capillary
electrophoresis on an ABI PRISM 310 DNA Sequencer (Perkin-
Elmer). The two co-amplified PCR products were separated
according to their size which differed by 5 bp. Using the
Genescan software, peaks of fluorescence were displayed,
allowing the determination of the fluorescence intensities of the
PCR products corresponding to the calculated area of the peaks.

Statistical analysis. The correlations between age and HLA-A
or HLA-B mRNA levels were calculated to obtain the linear
regression curves, the value of the correlation coefficient and the
statistical significance in keeping with the Fisher and Yates table.

Electrophoretic mobility shift assay

Blood donors and isolation of PBL. Blood samples (20 ml)
were obtained from five young (from 24 to 31 years of age) and
five elderly (from 59 to 68 years of age) healthy volunteers (two
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Fig. 1. Membrane bound and soluble forms of HLA class-I mRNAs. The soluble form results from an alternative splicing of the exon 5
encoding the transmembrane region (TM). The sense primer P1 position is 696—713 in the exon 4 and antisense primers P2 and P3 positions

are 934-952 and 633-954 in the exon 5, respectively.
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females and three males in the young group; three females and
two males in the elderly group), recruited according to the
SENIEUR recommendations [15], and PBL were isolated by
centrifugation over Ficoll-Hipaque (Eurobio).

Preparation of nuclear extracts. Nuclear extracts were prepared
by the method of Schreiber er al. [18]. Cells were washed with
phosphate buffered saline (PBS), resuspended in four packed cell
volumes of cold hypotonic buffer (10 mm HEPES pH 7-9; 10 mm
KCI; 1-5 mm MgCly; 0-1 mm EDTA; 0-1 mm EGTA; 1 mm DTT)
and left on ice for 20 min. A complete protease inhibitor cocktail
(Boehringer-Mannheim, Mannheim, Germany) was added in all the
buffers. PBL were lysed with Nonidet P-40 (0-5%) by vigorous
agitation for 10 s. Nuclei were pelleted by centrifugation at 1000 g
and 4°C for 10 min and resuspended in 2 volumes of cold
hypertonic buffer (20 mm HEPES pH 7.9; glycerol 20%; 400 mm
NaCl; 1-5 mm MgCly; 1 mm EDTA; 1 mm EGTA; 1 mm DTT;
0-5 mm PMSF) and rocked vigorously at 4°C for 30 min. Cellular
remains were discarded and supernatant was dialysed by
centrifugation on a mini-column (Nalgene, 4K MWCO)
(Polylabo, Strasbourg, France) and frozen at —80°C. Protein
concentration was measured by the Bradford method [19].

Preparation of probes. Hybridization products of single-strand
synthetic oligonucleotides (Life Technologies) corresponding to
the Enh-A sequence of locus-A (5'-ATGGATTGGGGAGTCCCA
GCCTTGGGGATTCCCCAA-3’) and locus-B (5’-CTGCAATGG
GGAGGCGCAGCGTT GGGGATTCCCCAC-3') 5/ extended by
a Notl site were used as probes. DNA fragments (200 ng) were
end-labelled with [a->’P]dCTP (Amersham, Orsay, France) and
4 U of the Klenow fragment of DNA polymerase I (Ozyme).

Gel mobility shift assay. In the binding reaction, labelled DNA
(25 000 cpm) was incubated in the presence of 2 ug of the non-
specific ~ competitor DNA  double-stranded  poly[dI-dC]
(Pharmacia) and nuclear extract (10 wg) in a total volume of
20 wl of binding buffer (HEPES 20 mMm pH 7-9; KCI 100 mm;
MgCl, 1 mm; EDTA 1 mM; ZnSO4 10 uMm; DTT 1 mM; glycerol
25%). Reactions were carried out at 4°C for 30 min and followed
by electrophoresis on a native 6% polyacrylamide gel
(acrylamide: bisacrylamide 32 :1) with buffer (Tris-base
90 mM; boric acid 90 mm; Na,EDTA 2-5 mm) at 25 mA for 1-5
h. The gel was dried, autoradiographed at —80°C and the
bandshift intensities were assessed using an Instantlmager
(Packard Instrument, Meriden, CT, USA).

Statistical analysis. The variation of bandshift intensities with
ageing were analysed using the ANOVA test, a level of P < 0-05
was accepted as significant.

RESULTS

Quantitative PCR sensitivity

Successive dilutions of cDNA sample were co-amplified with a
known quantity of internal standard (data not shown): the initial
quantity of cDNA sample is proportional to the ratio of peak areas
(standard/sample) with a correlation coefficient R?>=1099. In
addition, the intra- and interassays variations were checked for
each locus and never exceeded 5%.

Quantification of HLA-A and -B transcripts from PBL during
ageing

First, the HLA mRNA content is higher in PBL for the HLA-B
locus (mean: 32-10~ % pmoles/ug of total RNA) than for the HLA-
A locus (mean: 18-10~% pmoles/ug of total RNA). Secondly,

the amounts of HLA-A and -B transcripts are significantly
decreased with increasing age (Fig.2). The linear regression
analysis shows variations of HLA-A mRNA (R*> = 0-38;
P < 0-0001) (Fig. 2a) and HLA-B mRNA contents (R*> = 0-16;
P = 0-0025) (Fig. 2b).

Qualitative analysis of EMSA with nuclear extract of PBL from
young and elderly

The binding activities of nuclear extracts from PBL on Enh-A
probes are shown in Fig. 3. Six bands (four major and two minor)
were observed with the nuclear extracts obtained from PBL using
the locus A Enh-A sequence (Fig. 3a). These bands were
designated as Al, A2, A3, A4, AS and A6 (in the order of
mobility). Concerning the locus B, four major bands were
observed using the Enh-A sequence, namely B1, B2, B3 and B4
(Fig. 3b). Concerning the incidence of ageing upon EMSA
profiles, no qualitative modification was observed between the
young and the elderly groups of donors either with the locus A or
the locus B Enh-A probes.

Quantitative analysis of EMSA with nuclear extract of PBL from

young and elderly
The mean intensity (cpm) of the Enh-A bandshift is summarized
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Fig. 2. Quantification of HLA-A (a) and HLA-B (b) mRNAs from PBLs
of 54 healthy subjects aged from 21 to 90 years using competitive RT-PCR
procedure. Linear regression analysis shows that the correlation coeffi-
cients between age and transcription rate are R> 0-38 with P < 0-0001 (a)
and R* 0-16 with P = 0-0025 (b).
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Fig. 3. EMSA using Enh-A locus A (a) or locus B (b) probes and 10 pg of
PBLs nuclear extracts from five young healthy donors aged from 24 to
31 years and five elderly healthy donors aged from 59 to 68 years. FP
indicates free probe and (*) indicates unbound DNA probe without nuclear
extract. Al1-A6 and B1-B4 correspond to the bandshifts in the order of
mobility for the locus A and locus B, respectively.

in Table 1. Concerning the locus B bandshift, the B4 band was
significantly lower (P << 0-05) in the young group (221-7 = 44-6
cpm) than in the elderly group of donors (319-3 = 51-0 cpm)
(Table 1b). In contrast, no quantitative variation was noticed with
increasing age for the locus A bandshift (Table 1a).

DISCUSSION

The decrease of HLA class-1 expression reported previously on
lymphocytes and monocytes in the elderly [10] may be secondary
to any step required for HLA synthesis, assembling, transport or

expression at the cell surface. The fact that modifications of HLA
class-I expression exist with locus-dependent specificity evokes
the fact that transcriptional and/or post-transcriptional locus
specific events can be involved [20]. First, we searched for
putative alteration of the transcription rate of HLA-A and -B
genes during ageing using a quantitative RT-PCR method [16].
For this purpose, we located the sense primer in the nonpoly-
morphic sequence of the fourth exon and the antisense primers in
the fifth exon encoding the transmembrane region to discard
sHLA-I transcripts produced by alternative splicing (Fig. 1).

To validate this quantitative approach, the specific RT-PCR
conditions had to be determined. The reverse transcription was
conducted as previously described by Vincent et al. [16], which
shows no difference in the efficiency of the reaction, allowing
correlation of the amounts of cDNAs with the corresponding
mRNAs. The competitive PCR method can be used for the
quantification only if both the sample sequence and the
corresponding internal standard are co-amplified with the same
efficiency. For this purpose, we chose to use internal standard not
only amplified by the same set of primers as the cDNA sample,
but also corresponding to the fragment of interest with a 5
nucleotides deletion. This difference in length is the minimum
required to obtain a clear separation of PCR products according to
their size. Using this method, we quantified the HLA-A and -B
transcripts extracted from PBL of 54 healthy subjects aged from
21 to 90 years. Because the cell surface expression of HLA class I
(A and B) decreases in the same way for both lymphocytes and
monocytes, we performed our study on the whole PBL.

The first feature is that the HLA mRNA content is higher in
PBL for the HLA-B than for the HLA-A. These results match our
previous analysis of cell surface expression of HLA-A and -B
molecules [10]. Collectively, these data suggest that locus specific
HLA class-I molecules expressed on the cell surface correlates with
the amount of locus specific mRNA. PBL mRNA profiles were
similar to the one obtained on EBV transformed B cells of the
donor but differed from the one obtained on various cell lines [21].
HLA class-I locus expression depend of cell type. This cellular
differential expression of HLA class-I loci could act on the immune
response by preferentially presenting distinct peptides to T cells.

The second feature is a significant decrease in the amounts of
HLA-A and -B transcripts with increasing age. The alteration of HLA
class-I transcription was slightly more pronounced for the HLA-A
locus (— 64%) than HLA-B locus (— 50%) when elderly donors
(> 60 years) were compared with young donors (< 30 years).

Lastly, HLA class-I phenotypes were determined by the
standard NIH microlymphocytotoxicity method [22]. From this
limited number of donors with a homogeneous distribution of
HLA alleles during ageing, the modifications of HLA-A and -B
transcription were not depending on HLA polymorphism.

Because of the decrease of HLA class-I transcription we report
here, we can affirm that the lower HLA class-I surface expression
observed previously on PBL during ageing is not due exclusively
to cell shedding. Decrease of HLA class-I transcripts could result
from mRNA instability and/or modification of the transcriptional
control. To assess the incidence of ageing upon the regulation of
HLA class-I genes transcription, we performed EMSA using
nuclear extracts of PBL from young and elderly donors.

Regulation at the transcriptional level is mediated by several
cis-acting regulatory elements in the promoter region of HLA
class-I genes [23]. In particular, the enhancer-A presents locus-
specific nucleotidic sequences and seems to be essential for the
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Table 1. Quantification of the Enh-A locus-A (a) and locus-B (b) bandshifts by PBLs nuclear extracts from five young and five elderly healthy donors

Al A2 A3 A4 AS A6 Total
(@)
Young 360-5 + 23-1 3425 = 15-1 178-8 + 166 1597 = 162 3552 = 236 2362 + 47-1 1633 = 98
Elderly 323.8 * 454 324-8 + 36-7 1717 = 189 154-4 = 158 3432 = 19-6 288-7 = 450 1607 £ 147
(b) Bl B2 B3 B4 Total
Young 450-6 £ 22.0 4712 £ 104 346-5 + 40-5 2217 + 44.6* 1490 * 36
Elderly 5169 + 99-6 539-7 = 99-4 380-3 + 16-8 319-3 £ 51-0* 1756 £ 255
Mean cpm * ESM significantly different by aNova at *P < 0-05.
HLA class-I locus-specific transactivation [20,24-26]. We aimed ACKNOWLEDGEMENTS

to study the transcription factor pattern able to bind these
enhancer-A in PBL from five elderly donors in comparison with
five young healthy donors. For this purpose, we performed EMSA
using locus A and B Enh-A probes exhibiting locus-specific
conservation [27,28].

We have detected several binding activities; 6 and 4 bands
were, respectively, observed using the locus-A and -B Enh-A
sequences; the results are in agreement with data observed on B
cell line and confirmed the fact that HLA class-I locus-A and -B
are driven by different cis-trans regulatory mechanisms [14,29].

Concerning the incidence of ageing on EMSA profiles, no
qualitative modification was observed between the young and the
elderly groups of donors but a quantitative variation was noticed
regarding the B4 band with a lower intensity in the young than in
the elderly group of donors. Because the EMSA bandshift profile
on lymphocytes is not yet clarified fully, we were not able to
characterize the modification of the B4 band. Nevertheless, our
results show that the Enh-A-mediated transregulation could
participate to the down regulation of locus-B, whereas other cis-
acting elements and their specific-binding proteins could account
for the down-regulation in locus-A [13,30,31].

In conclusion, in present study we searched for modification
of the amount of locus specific HLA class-I mRNA from PBL
with ageing. With advancing age, we observed a decreased mRNA
quantification affecting HLA-A products and to a lesser extent the
HLA-B products. Therefore we can deduce that the decrease of
transcription contributes to the lower HLA class-I surface
expression on PBL with ageing. The mechanisms involved in
the lower transcription may be complex: we observed a locus-
dependent incidence of ageing upon the Enh-A transactivation,
but this observation does not exclude a defect in assembling,
transport and excess of cell shedding. Early reports indicated that
the CD8" T-cell repertoire was markedly altered during ageing,
whereas the CD4" T-cell repertoire was unchanged [32]. With
regard to the different immunological functions of HLA class-I
and class-II products and the differential incidence of age upon
their expression, we speculate that the lower expression of HLA
class-I molecules during ageing may alter the recognition of some
endogenous peptides by the TCR of cytotoxic-T cells and
participate to the alteration of the CD8" cells repertoire. Because
of the implication of HLA class-I molecules in viral and tumoral
expression, we can propose that alteration of HLA class-I
molecules could contribute to the increase of infectious and
tumoral disease in the elderly.
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