and appears 1o converge to a smaller range of values as the max-
imal affinity is approached. For this series of plasmepsin Il inhibi-
tors based upon the allophenylinorstatine scaffold, the highest
affinity was achieved with a binding enthalpy of —4.5 kcal/mol and
an entropic contribution {~TAS) of —8.8 kcal/mol.

The data in Figure 1 clearly demonstrates the importance of bal-
ancing enthalpic and entropic contributions in order to maximize
binding affinity and illustrates important steps in the design pro-
cess. As enthalpic interactions are more difficult to engineer,
enthalpically driven hits are usually easier to optimize than
entropically driven ones; ie. it is less costly energetically 1o
introduce hydrophobic groups. A calorimetric characterization of
hits identified by screening or any other method should allow
the designer to recognize the nature of the forces by which the
hits bind 1o the target. This step is crucial at these early sta-
ges. because it allows separation of those molecules that bind
because they are excluded from the solvent from those that bind
because they establish favorable interactions with the target. it
is al the earlier stages where the spread of enthalpy/entropy
combinations is maximal and where a careful decision needs to
be made. It is always advantageous 1o choose compounds that
establish good interactions with the target and thermodynamic
dissection provides that information. Further down the optimiza-
tion road, thermodynamic dissection indicates if the process is
driven within a reasonable pathway, avoiding thermodynamic
extremes that sooner or later lead the process to a roadblock
and sometimes a dead end. Obviously, this task is facilitated if
it is supplemented by algorithms able to predict the enthalpic or
entropic consequences of introducing different chemical functio-
nalities in the scaffold under optimization.
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Abstract

We examined the steady-state expression in cells of four accessory proteins of human immunodeficiency virus type | (HIV-1). For this
purpose, a series of single gene expression vectors for these viral proteins were constructed and were monitored for their production by
transfection. Among them, the expression level of Vif was found to be lowest in both the absence and presence of APOBEC3G. In addition, we
noticed the presence of its truncated form, which was not observed for the other accessory proteins. When a subgenomic vector was used for
transfection, authentic and several small forms of Vif were produced. By mutational analysis, these forms were demonstrated to be mutant Vif
proteins translated from M¥, M'® and M*®. When a full-length molecular clone was used, the smaller versions of Vif were hardly observed.
Functional analysis of these mutant Vif proteins showed that they are incapable of modulating viral infectivity. The results described above,

i.e. the low steady-state expression and the presence of truncated forms, represent the unique characteristics of HI'V-1 Vif.

© 2005 Elsevier SAS. All rights reserved.

Keywords: HIV-1; Vif; APOBEC3G; Accessory protein

1. Introduction

Four accessory proteins of human immunodeficiency virus
type 1 (HIV-1) are known to modulate viral infectivity and
various functions of target cells [1]. Vif, one of these pro-
teins, is encoded by the gene that is conserved in all known
primate immunodeficiency viruses {2]. It has a critical role in
conferring infectivity on progeny virions in a producer cell-
dependent manner [3-6]. Virions produced in non-permissive
cells, such as primary cells of lymphocytic or monocytic ori-
gin and a limited number of cell lines like HY, are unable to
replicate in any kinds of target cells. Recent works have dem-
onstrated that Vif counteracts anti-viral activity of human cyti-
dine deaminase APOBEC3G present in non-permissive cells
[7—15]. The precise molecular mechanism for this activity of
Vif, however, is still controversial [16] and remains to be elu-
cidated.

We have previously shown that Vif is rapidly decayed in
cells in both the absence and presence of APOBEC3G, and

* Corresponding author. Tel.: +81 88 633 9232; fax: +81 88 633 7080.
E-mail address: mfujita@basic.med.tokushima-u.ac.jp (M. Fujita).

1286-4579/% - see front matter © 2005 Elsevier SAS. All rights reserved.
doi:10.1016/j.micinf.2004.11.010

that the expression of Vif to an excessive level is inhibitory to
viral replication [17]. The fragile nature of Vif was unique
among the accessory proteins and was mediated, at least in
part, by the host proteasome system [18]. In the present report,
to determine whether the expression of Vif is maintained to
be uniquely low in cells in the absence of the other viral fac-
tors, the four accessory genes of HI'V-1 were separately cloned
into expression vector with tag, and examined for their steady-
state expression level. During the course of this comparative
study, we detected a truncated form of Vif, but no extra ver-
sions were observed for the other accessory proteins. We,
therefore, examined the expression pattern of Vif from a sub-
genomic clone, and found two other small forms. Mutational
and functional analyses of the three small Vif proteins were
also carried out in this study.

2. Materials and methods

2.1. Plasmids

2.1.1. Full-length molecular clones
A full-length molecular clone pNL432 (GenBank Acces-
sion no. AF324493) was used for production of wild-type
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APOBEC3G(-)

Fig. 1. Production of HIV-1 (NL432) accessory proteins by expression vector pS

APOBEC3G(+)

G-FLAG. 293T cells were transfected with 10 ug of pSG-FLAG vectors with

(APOBEC3G(+)) or without (APOBEC3G(~)) 1 nug of pcDNA-APO3G (expression vector for APOBEC3G) [9]. Cells were lysed in Laemmli sample buffer at
48 h post-transfection for Western blot analysis. Each lane contained 50 ng of protein. The Abs used here were anti-FLAG M2 monoclonal Ab (panels A) and
anti-Vif peptide Ab [22] (panels B). An expression vector for Gag-p24, designated pSG-Gag (p24) cFLAG [18], was used for control. Mock, pSG5.

(wt) infectious virus [19]. Frame-shift mutants of pNL432,
designated pNL-Nd [20,21], pNL-Kp [20] and pNL-NdKp
[22], were used for production of vif-minus, env-minus and
vif/env double-minus viruses, respectively.

2.1.2. Subgenomic vectors

A subgenomic expression vector, designated pNL-A1S,
was constructed from pNL-A1 [23]. For easy insertion of
DNA fragments from pNL432 [19], it has a unique Smal site
(Fig. 2B) newly generated by the QuikChange site-directed
mutagenesis kit (Stratagene, La Jolla, CA, USA). Various sub-
genomic expression vectors for wt and mutant Vif proteins
described below were constructed by insertion of PCR-
amplified vif sequences having Smal and EcoRI sites at 5
and 3’ ends, respectively, into pNL-A1S (Fig. 2B). PCR tem-
plates for construction of pNL-A1S-fWT, pNL-A1S-Nd,
pNL-A1S-fM16A, pNL-A1S-fM8/16A and pNL-AlS-
fM8/16/29A were pNL432 [19], pNL-Nd [20,21], pNL-
fM16A, pNL-fM8/16A and pNL-fMB8/ 16/29A, respectively.
Clones pNL-fM16A, pNL-fM8/16A, and pNL-fM8/16/29A
are mutants of pNL432 carrying M16A, M8/16A and
M8/16/29A mutations, respectively (Fig. 3A).

2.1.3. Expression vectors for a single gene

Vectors pcDNA-APO3G [9] and pCMV-G [24] were used
to express APOBEC3G and vesicular stomatitis virus G pro-
tein (VSV-Q), respectively. Expression vectors for wt and
mutant Vif proteins, designated pSG-Vif, pSG-fA7, pSG-
fA15 and pSG-fA28, were constructed by insertion of PCR-
amplified vif sequences having EcoRI and BamHI sites at 5
and 3’ ends, respectively, into pSG5 (Stratagene). As tem-
plate for PCR, pNL432 [19] was used. An expression vector
for wt Vif tagged with FLAG at the C-terminus, designated
pSG-Vif cFLAG, was constructed in the same way as for pSG-
Gag (p24) cFLAG [18]. Expression vectors for the other
accessory proteins tagged with FLAG at the C-terminus, des-
ignated pSG-Vpr ¢FLAG, pSG-Vpu cFLAG and pSG-Nef

A 1 8 16 29
MENRWQVMIVWQVDRMRINTWKRLVKHHMYIS ---------
WT |
AT ¢
A15 }
A28 p——-eneeees
B . Pl ™ et
SA s
pNL-Ats [ A-TCAGEBATT
LTR ’é;}* vif - =
Smal EcoR 1

Fig. 2. Expression of HIV-1 (NL432) Vif-related proteins by various clones.
(A) Structure of three putative mutants of Vif. Mutants A7, A15, and A28 lack
N-terminal 7, 15 and 28 amino acids, respectively. (B) Structure of expres-
sion vector for Vif (pNL-A18). Vector pNL-A1S has a new and unique Smal
site (relative to parental clone pNL-A1) for cloning, as indicated. (C) Moni-
toring of Vif-related proteins by Western blot analysis. 293T cells were trans-
fected with 10 pg of varjous vectors, as indicated, and cell lysates were pre-
pared by CHAPS buffer at 48 h post-transfection. Anti-Vif peptide Ab was
used for detection as previously described {22). Each lane contained 50 ng
of protein, execpt for the lane for pNL-ALS-fWT (5 ng of protein). Mock,
pUCI9.
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Fig. 3. Expression of various species of HIV-1 (NL432) Vif proteins by subge-
nomic pNL-A1S constructs. {A) N-terminal amino acid sequence of mutant
Vif proteins. Mutant clones have alanine residues instead of methionines, as
indicated. (B) Monitoring of Vif-related proteins expressed by subgenomic
pNL-A1S constructs. 293T cells were transfected with 10 ug of various vec-
tors, as indicated, and cell lysates were prepared in Laemmli sample buffer
at 48 h post-transfection. Anti-Vif peptide Ab was used for detection, as
previously described [22]. Each lane contained 5 ng of protein. Mock, pUC19.

cFLAG, were constructed by replacement of the gag gene of
pSG-Gag (p24) cFLAG [18] with PCR-amplified accessory
gene sequences having EcoRI and Xhol sites at 5” and 3’ ends,
respectively. As template for PCR, pNL432 [19] was used.

2.2. Cells

- H9 [25] and 293T [26] cells were cultured in RPMI-
1640 medium supplemented with 10% heat-inactivated fetal
bovine serum (FBS), and in Eagle’s minimal essential medium
supplemented with 10% heat-inactivated FBS, respectively.
MAGI cells [27] were cultured as for 293T cells in the pres-
ence of 0.2 mg/ml of G418 and 0.1 mg/ml of hygromycin B.

2.3. Transfection and reverse transcriptase (RT) assay

For transfection of 293T cells, the calcium-phosphate
coprecipitation method was used as previously described [19].
Virus production in the culture supernatants was monitored
by RT activity as previously described [28].

2.4. Western immunoblotting

Cell lysates for Western blotting analysis were prepared
by CHAPS/DOC [28] or Laemmli’s sample buffer [18] as
previously described. Samples were resolved by SDS-PAGE
followed by electrophoretic transfer to polyvinylidene fluo-
ride membranes. The membranes were treated with anti-
FLAG M2 monoclonal antibody (Ab) (SIGMA-ALDRICH
Corp., St. Louis, MO, USA) or anti-Vif peptide Ab [22], and

visualized with the ECL plus Western Blotting Detection Sys-
tem (Amersham Biosciences UK Limited, Buckingham-
shire, UK) as previously described [29,30].

2.5. MAGI assay

To determine the infectivity of virions, MAGI assay was
performed as previously described [27].

3. Results
3.1. Low expression level of Vif protein in cells

Recent work by ourselves has shown that Vif expressed
from viral full-genome is degraded rapidly and maintained to
be at low level in cells by proteasome [18], and that this
unstable nature of Vif was unique among the accessory pro-
teins [18]. We asked, in a quantitative and comparable man-
ner, whether the expression level of Vif is uniquely low in
cells in the absence of the other viral proteins. For this pur-
pose, the four HIV-1 accessory genes, vif, vpr, vpu and nef,
were separately cloned into expression vector pSG5-FLAG
tag, and four expression vectors for each accessory proteif,
designated pSG-Vif ¢cFLAG, pSG-Vpr cFLAG, pSG-Vpu
cFLAG and pSG-Nef ¢cFLAG were constructed. These clones
were then transfected into permissive 293T cells with or with-
out APOBEC3G expression vector pcDNA-APO3G [9] and
monitored for their expression by Western blot analysis using
anti-FLAG antibody. Laemmli’s sample buffer was used to
prepare cell lysates for analysis, since Vif was quite refrac-
tory to CHAPS/DOC buffer [28,31]. As shown in Fig. 1A,
regardless of the presence or absence of APOBEC3G, no Vif
was detected, in contrast to the results for Vpr and Nef, when
anti-FLAG Ab was used. Worthy of note, in the presence of
APOBEC3G, Vpu was not detected at all. In the absence of
APOBEC3G, Vpu was expressed at a level similar to that of
Vpr. We wished to examine the expression of Vif using Ab
other than anti-FLAG Ab. As shown in Fig. 1B, when the
same blots in Fig. 1A were re-probed with anti-Vif peptide
Ab, two Vif-related bands (~23 and ~21 kDa) appeared both
in the absence and presence of APOBEC3G. These probably
represented authentic and truncated forms of Vif.

The results described here indicated that Vif is certainly
expressed in cells at a relatively low level. Another important
finding was the presence of the truncated version of Vif.

3.2. Truncated forms of Vif proteins

We assumed that, on the basis of its size, the truncated
form of Vif is a mutant Vif translated from M!S, as shown in
Fig. 2A. To verify this hypothesis, expression vectors of wt
Vif and its mutants, A7, A15 and A28, based on pSGS (pSG-
Vif, pSG-fA7, pSG-fA15 and pSG-fA28), were constructed
(Fig. 2A) and used for monitoring of their products in cells
upon transfection. A subgenomic expression vector, desig-
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nated pNL-A1S-fWT, was also constructed (Fig. 2B) and
used, because the expression level of Vif by this vector was
expected to be very high [23]. The vectors constructed were
then introduced into 293T cells and examined for the expres-
sion pattern of Vif by Western blotting technique. As shown
in Fig. 2C, while wt full-length clone pNL432 generated a
distinct and single Vif, the subgenomic clone pNL-A1S-fWT
produced several Vif proteins recognizable by anti-Vif pep-
tide Ab. The mutant pSG constructs expressed Vif-related pro-
teins well-anticipated by our assumption. It was, therefore,
not unreasonable to conclude that there are three mutant Vif
proteins starting from M8, M'¢ and M?°. To prove this, three
methionines present in the N-terminal region of Vif (Fig. 3A)
were changed to alanines, and the mutants constructed were
examined for their products upon transfection (pNL-A1S
series in Fig. 3B). The results obtained were in good agree-
ment with our prediction. Mutants pNL-A1S-fM16A, pNL-
A1S-fM8/16A and pNL-A1S-fM8/16/29A did not produce a

A 200
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40

Relative MAGI infectivity

B €0

Relative MAGI infectivity

APOBEC3G(-)

central major band (A15). Mutant pNL-A1S-fM8/16/29A did
not express the smallest band (A28) atall. In addition, one of
the faint bands (A7) just below the authentic Vif appeared to
disappear for mutants pNL-A1S-fM8/1 6A and pNL-AIS-
fM8/16/29A. The data described above were reproduced for
the samples prepared in the presence of APOBEC3G (data
not shown). Furthermore, consistently with the data described
above, the M16A mutant of pSG-construct did not produce
the major A15 band upon transfection (data not shown).

3.3. Biological activity of small versions of Vif protein&
We asked ourselves whether truncated forms of Vif were
able to confer infectivity on progeny virions. Vif-minus full-
length clone pNL-Nd [20,21] and expression vectors of Vif
or its mutants (pSG-Vif, pSG-fA7, pSG-fA15 and pSG-
fA28) with or without pcDNA-APO3G [9] were co-
transfected into 293 T cells, and the effects of various Vif pro-

160 7t APOBEC3G(+)
120
80

40

Fig. 4. Biological evaluation of various species of HIV-1 (NL432) Vif. (A) Ability of mutant Vif proteins to confer infectivity on progeny virions, 293T cells
were triply transfected with 2.5 pg of pNL-Nd [20,21], 7.5 pg of expression vector (pSG-Vif (WT), pSG-fA7, pSG-fA15 or pSG-fA28) and | pg of pcDNA-
APO3G {expression vector of APOBEC3G) [9] (APOBEC3G(+)), or dually transfected with the former two clones (APOBEC3G(-)). At 48 h post-transfection,

culture supernatants were harvested for virus samples as previously described [29]

. As control for virus samples, culture supematants prepared from 293T cells

transfected with wt pNL432 [19] or AVif mutant pNL-Nd {20,21] with (APOBEC3G(+)) or without pcDNA-APO3G {9] (APOBEC3G(-)) were used. The
prepared virus samples were inoculated into MAGI cells, and infectivity was determined as previously described [27]. MAGI infectivity was normalized by RT
activity and shown as relative values. (B) Effects of mutant Vif proteins on viral infectivity. 293T cells were co-transfected with 1.3 pg of env-minus full-length

clone pNL-Kp [20], 1.3 pg of pCMV-G (expression vector of VSV-G) [24],7.5pg o

f expression vector (empty vector pSG5, pSG-fA7, pSG-fA1S or pSG-fA28),

and 1 pg of pcDNA-APO3G (expression vector of APOBEC3G). Under these conditions, similar amounts of wt Vif and A1S mutant were expressed from
pNL-Kp and pSG-fA15, respectively. Virus samples were harvested at 48 h post-transfection, and their infectivity was determined by MAGI assay, as described
in (A). MAGI infectivity was normalized by RT activity and shown as relative values. WT, pNL-Kp + pSGS5; AVif, pNL-NdKp + pSG5; WT + A7, pNL-

Kp + pSGFAT, WT + ALS5, pNL-Kp + pSGFA1S; WT + A28, pNL-Kp + pSG

a negative control for pNL-Kp {20].

£A28. A full-length clone pNL-NdKp {22] was viffenv double-minus, and served as
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teins on viral infectivity were examined. As shown in Fig. 4A,
in the absence of APOBEC3G, all virus samples showed simi-
lar MAGI infectivity, as expected. In the presence of
APOBEC3G, while wt Vif conferred an infectivity on virions
comparable to that of wt virus NL432, none of the truncated
forms of Vif did like AVif mutant virus NL-Nd. We then exam-
ined whether truncated forms of Vif had negative effects on
infectivity of virions. Env-minus full-length clone pNL-Kp
[20], one of the expression vectors for Vif mutants as above,
an expression vector of VSV-G protein pCMV-G [24] and
pcDNA-APO3G [9] were co-transfected into 293T cells, and
the infectivity of viruses produced at 2 days post-transfection
was determined. As shown in Fig. 4B, no truncated forms of
Vif exhibited any significant negative effects on viral infec-
tivity.

4. Discussion

One of the major findings in this study is that the expres-
sion of Vif is consistently controlled to be low (Fig. 1). We
have previously proposed a mechanism for this observation,
that is, proteasome degradation [18]. Vif was much more rap-
idly degraded than any other accessory proteins and kept low
in cells. The other possible explanation for the restricted
expression of Vif is related to mRNA. Expression of mRNA
for Vif was reported to be maintained to be limited [32]. The
unstabilness of mRNA for Vpu was also reported [32], and
this could cause the lower expression level of Vpu compared
with that of Nef (Fig. 1). In this context, the lack of detect-
able expression of Vpu in the presence of APOBEC3G (Fig. 1)
was intriguing. The plausible mechanism for the down-
regulation of Vpu could be the introduction of mutations to
mRNA for Vpu by the cytidine deaminase activity of
APOBEC3G and/or the enhancement of degradation of Vpu
by APOBEC3G.

Another major finding in this report is the production of
truncated forms of Vif (Figs. 1-3). We showed evidence here
by mutational analysis that these Vif-related proteins are trans-
lated from M%, M6 or M?° (Fig. 3). To the best of our knowl-
edge, this is the first report that shows the initiation of trans-
lation of HIV-1 proteins at a methionine codon other than
M'. Of note, the expression pattern of the Vif proteins varied
depending on the clones used. Clones pSG-Vif (single gene)
and pNL-A1S-fWT (subgenome) expressed one (A15) and
three (A7, A15 and A28) Vif proteins, respectively (Figs. 1—
3). Full-genomic pNL432 appeared not to express any small
forms of Vif (Fig. 2). The molecular basis for this observa-
tion remains to be elucidated. It is also important to deter-
mine whether the truncated Vif proteins described here are
biologically active. Our functional analysis in this report
showed that small forms of Vif are biologically inactive
(Fig. 4). It is still possible, however that these Vif proteins
affect the replication of virus by unknown mechanisms.
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Abstract

The HLA tegion, and particularly the DR15 haplotype (containing the two DRB* genes DRB1*1501 and DRB5*0101 and the tightly
linked DQ alleles DQA*0102 and DQB1*0602, which together form the DQw6 molecule) in Cancasians, shows the strongest genetic
association with multiple sclerosis (MS). In the DR15 haplotype, two B-chains HLA-DRB1*1501 and -DRB5*0101 are co-expressed
resulting in two different surface HLA-DR ap heterodimers, DR2b and DR2a. Most previous studies focused on DRB1*1501, however, both
DR2a and DR2b may contribute to MS pathogenesis via antigen presentation to myelin-specific T lymphocytes. We therefore analyzed the
expression of the two DR15 genes in various antigen presenting cells (APCs), central nervous system and thymic tissues. Transcript levels

were higher for DRB5*0101 in all cell types and tissues. Both HLA-DR

where they showed a differential expression pattern in different APCs. They were similarly regulated afer stimulation with interferon-y and

heterodimers were expressed at significant levels on the cell surface,

interlenkin-4. Finally, immunohistochemistry ‘experiments indicated that both molecules were expressed in thymic tissue. Our results
encourage future research to investigate the potential functional relevance of both genes for the pathogenesis of MS.

© 2005 Elsevier B.V. All rights reserved.

Keywords: MHC; Multiple sclerosis; Antigen presenting molecules; Antigen presenting cells

1. Introduction

Multiple sclerosis (MS) is considered a T cell-mediated
autoimmune disease that is triggered by an as yet unknown
foreign agent in genetically susceptible individuals (Martin
et al., 1992). Epidemiological and genetic studies, including
several whole genome searches (Dyment et al, 2004),
provide evidence that MS is genetically complex, i.e. a
number of different genes contribute to disease su sceptibility

* Corresponding author. Tel.: +1 301 594 9084; fax: +1 301 402 0373.
E-mail address: martinr@ninds.nih.gov (R. Mariin).

0165-5728/5 - see froni matler © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/.jneuroim.2005.04.027

(Wandstrat and Wakeland, 2001), and among these, genes of
the major histocompatibility complex (MHC; HLA m
humans) region show the strongest association. In Caucasian
MS patients, the genes of the HLA-DR15 haplotype are the
closest associated with disease (Vartdal et al., 1989), and
studies of cellular immune responses against myelin antigens
(Martin et al., 1992) favor DR alleles as the most relevant.
HLA-DR molecules are heterodimers composed of a
highly polymorphic B-chain encoded by DRBI * or DRB3-
5* genes associated with a nonpolymorphic a-chain
encoded by the DRA1*0101 gene. In most haplotypes,
two HLA-DRB genes are expressed, one of the DRBI*
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locus and one of the loci encoding DRB3*, -4*, or -5*,
Consequently, two non-allelic HLA-DR molecules are
expressed on the cell surface. In the MS-associated HLA-
DR15 haplotype, the two p-chains, HLA-DRB1*1501 and
DRB5*0101, together with DR-a result in the two func-
tional surface heterodimers, DR2b (DRA*0101,
DRB1*1501) and DR2a (DRA*0101, DRB5*0101) (Ver-
gelli et al., 1997b). In this report, we will use the terms
‘DR2b and DR2a and HLA-DRB1*1501 and -DRB5*0101
interchangeably, even though the latter only refer to the
polymorphic DR-p chain genes.

Most studies on the role of HLA-class II molecules in
MS examined DRB1*1501, however, sorne paid attention to
the above mentioned co-expression of DR2a and DR2b, and
showed that both molecules can serve as restriction elements
for myelin basic protein (MBP)-specific T cells (Jaraque-
mada et al., 1990; Martin et al., 1991; Ota et al., 1990; Pette
et al., 1990; Vergelli et al., 1997b) or autoreactive T cells in
general. Due to differences in their peptide binding proper-
ties, a different spectrum of MBP peptides is presented by
DR2a versus DR2b (Vergelli et al., 1997b). Furthermore, in
addition to serving as antigen presenting molecules for
MBP-specific T cells (Jaraquemada et al., 1990; Vergelli et
al., 1997b), the restriction element, i.e. DR2a versus DR2b,
may also influence T cell effector functions: DR2a-restricted
MBP-specific T cell clones are highly cytotoxic, mediating
high-efficiency lysis by perforin, while DR2b-restricted
clones mediate low-efficiency lysis via Fas—Fas-ligand
interaction (Vergelli et al., 1997a).

It has been described for several HLA DR haplotypes,
that the DRB1* gene is differentially expressed from the
DRB3*-4*, -5*%.encoded beta chain (Berdoz et al.,, 1987;
Cotner .cl al., 1996; Emery et al., 1993). Furthermore, the
Jlevel of DR molecule expression is important for the
activation of T lymphocytes (Matis et al,, 1983), e.g.:
increased HLA class II expression could lead to enhanced
antigen presentation via increased ligand density (Bontrop et
al., 1986), and stronger T cell activation.

In light of the above, we investigated the expression of
both DR2a and DR2b. We believe that this data on HLA-
DR15 haplotype will encourage future research to inves-
tigate the influence of both DR2a and DR2b in MS
pathogenesis. We analyzed the mRNA and surface expres-
sion of the two genes in peripheral blood mononuclear cells
(PBMCs), B cells, monocytes, dendritic cells, activated T
cells, cerebrospinal fluid (CSF) cells, and central nervous
system (CNS) and thymic tissues obtained from healthy
donors (HDs) and MS patients.

2. Materials and methods
2.1. Subjects

The study population consisted of 22 HLA-DR15
positive subjects: 8 HDs and 14 patients with clinically

definite MS (7 females and 7 males), of whom 9 were
affected by relapsing—remitting MS and 5 by secondary-
progressive MS. Seven MS patienis were not on therapy,
while seven received Interferon p-1a or -1b. MS patients did
not receive any immunosuppressive therapy for a period of
3 months prior to the study. Thirteen HLA-DRI15 negative
subjects, three MS patients and ten HDs, were studied as
negative controls. Blood and CSF were obtained under a
National Instituie of Neurological Disorders and Stroke
Institutional Review Board (IRB)-approved protocol. HLA-
typing for HLA-A, -B, -C and -DR, -DQ was performed at
the Department of Transfusion Medicine, NIH, by molec-
ular HLA typing techniques. The method used was
sequence specific primer-PCR amplification of genomic
DNA (Player et al., 1996).

2.2. Cell cultures and cell isolation technigues

PBMCs were separated from leukaphereses by density
gradient centrifugation (Lymphocyte Separation Medium,
Bio Whittaker, Walkersville, MD). Monocytes and B cells
were purified from PBMCs, respectively, by adherence to
plastic and negative selection using the MACS B cell
Isolation Kit (Miltenyi, Aubumn, CA). Dendritic cells
(DCs) were generated from monocytes using a well-
established sequential cytokine treatment as previously
described (Thumer et al., 1999). CSF cells were obtained
by lumbar puncture from 2 MS patients. Bare lymphocyte
syndrome (BLS) cells transfected with HLA-DRB5*0101
(BLS-DR2a), -DRB1*1501 (BLS-DR2b), -DRB1*0401
(BLS-DR4) and -DQB1*0602 (BLS-DQw6) were kindly
provided by Dr. W.W. Kwok and Dr. G. Nepom (Benaroya
Research Institute, University of Washington, Seattle,
WA).

2.3. CNS tissues

Blocks of frozen CNS tissues containing MS lesions
were obtained from 7 HLA-DRB1*1501 and -DRB5*0101-
positive patients (6 females and 1 male; average duration of
disease: 13 years) during autopsy and were kindly provided
by Dr. C. Raine (Albert Einstein College of Medicine, New
York, USA). '

2.4. Thymic tissue samples

Thymic tissue samples were obtained under an IRB-
approved protocol (University Hospital “Germans Trias i
Pujol”, Badalona, Spain) by thoracic surgery at Univer-
sity Hospital Valle de Hebron (Barcelona). Molecular
typing was performed on tissue samples to identify HLA-
DR15 positive subjects. Thymus 1 was obtained from a
6-year-old subject affected by Down syndrome, thymus 2
from a 69-year-old subject affected by Graves disease,
thymus 3 from a 69-year-old subject affected by myasthenia
gravis.
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2.5. Cytokines and antibodies

Interlevkin (IL)-4 and interferon (IFN)-y were obtained
from PeproTech (Rocky Hill, NJ), phytohemagglutinin
(PHA) from Sigma (St. Louis, MO) and IFN-B1b from
Berlex Laboratories (Richmond, CA). Purified mouse
anti-DRB1*1501 (PUHO0596) and anti-DRB5*0101
(PUH0427A) IgM monoclonal antibodies (Abs) were
purchased from One Lambda Inc. (Canoga Park, CA) under
an agreement between One Lambda Inc. and the National
Institutes of Health, The same Abs were custom conjugated,
respectively, with Alexa Fluor 594 and 488 by Molecular
Probes (Bugene, OR) and used for immunofluorescence
studies on thymic tissue frozen sections. Anti-DRa Ab
(1.243) was purchased from ATCC (Rockville, MD) and
purified ascites generated by Biocon (Rockville, MD).
Additional Abs used during the course of FACS analysis
experiments were: goat—anti-mouse IgM and anti-mouse
1gG R-Phycoerythrin (PE)-labeled Abs (Jackson ImmunoR-
esearch Laboratories, West Grove, PA), CDllc, CD14,
CD86, CD80, CD54, CDla, CD40, CD19, CDA45, CD3
(BD PharMingen, San Diego, CA), CD83 (Immunotech,
Marseille, France); isotype controls: mouse 1gM, 1gG2a,
IgG2b, IgGlk, were purchased from Caltag (Burlingame,
CA) or from BD PharMingen.

2.6. Reverse transcription and real-time polymerase chain
reaction (RT-PCR)

RNA was extracted using RNeasy Mini Kit (Qiagen,
Valencia, CA). For each sample, 500 ng of total RNA was
reverse-transcribed in 50 ul reaction volume using TaqMan
Gold RT-PCR Kit (Applied Biosystems, Foster City, CA)
with random hexamers.

The TagMan 5' nuclease fluorogenic quantitative PCR
assay was performed using the ABI 7700 System (PE
Applied Biosystems). Primers and probes for DR2a and
DR2b genes were in part modified from Albis-Camps and
Blasczyk (1999) or newly designed using Primer Express
1.0 (ABI, Applied Biosystems). Oligonucleotides were
placed in polymorphic regions of the genes for maximal
specificity. Forward and reverse primers for each set were
positioned in exons 1 and 2, respectively, to prevent
amplification of contaminating genomic DNA. Primers/
probes sequences were the following: DR2a forward primer:
5 TGGAGGTTCCTACATGGCAAA 3'; DR2a reverse
primer: 5 GCTGTCGAAGCGCAAGTC 3'; DR2a probe:
5" FAM-TGCGGTTCCTGCACAGAGACATCTATAACC-
TAMRA 3'; DR2b forward primer: 5’ AGCTCCCCACT-
GGCTTTGT 3'; DR2b reverse primer: 5 TCCACCGCG-
GCCCGCGC 3'; DR2b probe: 5 FAM-TGCTCCAGGA-
TGTCCTTCTGGCTGTT-TAMRA 3'. Primer and probe
sequences for the housekeeping gene, human R-actin, were
chosen 1o span exon junctions (Kruse et al., 1997). Since the
main goal of this study was to compare the expression levels
of DR2a and DR2b, which are co-expressed in the same cell,

internal calibration was not essential and human B-actin was
considered a suitable calibrator. Real-time PCR assays were
conducted using Platinum Quantitative PCR SuperMix-
UDG (Gibco BRL, Life Technologies, Carlsbad, CA).
MgCl, and primer and probe concentrations were optimized
as described (ApplicdBiosystem, 1998).

2.7. DNA plasmid and standard curve preparation

To quantify the mRNA expression of DR2a and DR2b
genes, standard curves were prepared using linearized
plasmid DNA for HLA-DRB5*0101, HLA-DRB1*1501
and human P-actin (Kruse et al., 1997). Plasmid standard
curves were generated performing 10 serial, three-fold
dilutions. Each dilution was measured in triplicate in each
PCR experiment. The logarithmic value of the initial
plasmid target copy mumber was plotted versus threshold
cycle value for each dilution and a linear relationship was
detected: in all experiments R*>0.993. DR2a, DR2b
primer/probe combinations could reliably detect as few as
80 and 40 input copies/reaction, respectively. The efficien-
cies of the reaction on plasmid DNA and on sample cDNA
were comparable, so plasmid materials proved to be a
suitable standard for quantitation. The copy number of
DR2a, DR2b and B-actin in each sample was calculated
based on the respective plasmid standard curves. DR2a and
DR2b were then normalized to f-actin.

2.8. Specificity of RI-PCR assay

Based on sequence similarities, we considered that DR2b
and DR2a primers/probes were potentially cross-reactive,
respectively, with DRB1*1502, *1503, *1506, *1507,
*1509 and with DRB5*0104, *0106, *0107 and *0109.
Knowing the HLA-typing of donors, we were able to
exclude from the study those carrying these alleles.
Furthermore, real-time PCR experiments were performed
on BLS-DR4, -DQw6 and on 13 cDNA samples obtained
from PBMCs of HLA-DR15 negative donors: they were all
negative. Additionally, DR2a and DR2b oligonucleotides
did not recognize, respectively, DR2b and DR2a transcripts
when tested on BLS-DR2b and -DR2a cells and on plasmid
material, Control PCR reactions were performed on non-
reverse-transcribed RNA to exclude any contamination by
genomic DNA. Primers did not share sequence identity with
DRB pseudogenes.

2.9. Accuracy of real-time RT-PCR

The intra-assay coefficient of variance (CV)% (i.e.: SD/
Average x 100) of threshold cycle values of the DR2a and
DR2b real-time PCR assay was between 0.1% and 0.9%.
The DR2a/DR2b ratio intra-assay CV% reflecting the
variability introduced by the RNA exfraction procedure,
the RT reaction, and the real-time PCR assay was on
average 8.5%. The inter-assay CV% of threshold cycle
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values of the PCR reaction performed on ¢cDNA material
was 1.3% and 2.4% for DR2a and DR2b, respectively.
Similar values were obtained when the reaction was
performed on plasmid DNA standards.

2.10. Flow cytometry staining for DR2a and DR2b

Cells were incubated on ice for 30 min with Ab diluted in
cold staining buffer (phosphate-buffered saline, 5% fetal
bovine serum, 0.1% sodium azide). Before and after
incubation, cells were washed twice in staining buffer and
immediately analyzed by flow cytometry. Two-color anal-
ysis was performed on a FACScan™ using CeliQuest
software (Becton-Dickinson, San Jose, CA), acquiring
5000 events for each condition based on forward/side
scatter parameters,

2.11. Immunofluorescence staining for DR2a and DR2b in
tissue sections

Cryostat sections (10 um) were air dried for 2 I, fixed in
ice-cold acetone for 20 min and washed 3 times in PBS.
Sections were then incubated for 2 h with Ab in a
humidified container. After washings with PBS, sections
were mounted in SlowFade Light Antifade Kit with DAPI
reagents (Molecular Probes) and viewed with Zeiss Axio-
vert 200M microscope (Carl Zeiss, NY) using appropriate

filters. Single-, double- and triple-color images were
digitally captured by a high-resolution CCD camera using
AxioVision 3.1 software (Carl Zeiss).

2.12. Specificity and affinity of anti-DR2a and -DR2b
antibodies for flow cytometry and immunofluorescence
Staining

The specificity of anti-DR2a and -DR2b Ab was tested
using isotype control Abs and BLS-DR2a, -DR2b, -DR4
and -DQw6 cells, as well as PBMCs obtained from HLA-
DRI15 negative donors. In particular, for immunofluores-
cence staining, the Ab specificity was tested using purified
isotype control and specific Ab in indirect staining because
a directly labeled isotype control Ab was not commercially
available. Furthermore, a mixture of BLS-DR2a and -DR2b
cells was incubated with the two directly labeled anti-DR2a
and -DR2b Abs. The two cell populations were easily
distinguishable by the different fluorochromes (Fig. 5b). Ab
titrations were conducted to establish saturating concen-
trations in flow cytometry. As a difference in the affinity
between the two Abs may bias the estimation of fluores-
cence intensity (FI) levels in flow cytometry, L1243 (anti-
DRa) Ab, a monomorphic anti-DR Ab reacting with DR-
alpha and recognizing both DR2a and DR2b, was used to
normalize the signals obtained with the two specific Abs.
The ratios: specific Ab-mean FI (-MFI) or -geometric MFI
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(-ge0.MFI)/L243-MFI or -geo.MFI were calculated for anti- The relative affinity of the anti-DR2a Ab was higher than
DR2a and -DR2b Ab during the course of repeated that of anti-DR2b Ab, and therefore we applied correction
experiments on BLS-DR2a or -DR2b cells, respectively. factors to all flow cylometry dala.
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2.13. Statistical analyses

Statistical analyses were performed using SigmaStat 2.03
statistical analysis software. Wilcoxon signed-rank test or
Wilcoxon rank-sum test was used where appropriate.

Values are expressed as average of DR2a/DR2b tran-
script or protein levels ratios+ SD.

3. Results

To quantitate the mRNA expression of DR2a and DR2b,
we developed a realtime RT-PCR assay and tested its
specificity, sensitivity and accuracy as outlined in Materials
and methods. Furthermore, we described the methods to
assess the specificity and affinity of the two monoclonal Ab
that were used to evaluate the surface expression of the two
DR molecules by flow cytometry and inumunohistochemis-
try. We subsequently analyzed DR2a and DR2b expression
in different APCs and tissues obtained from HDs and MS
patients.

3.1. PBMCs

DR2a and DR2b mRNA expression was studied on
PBMCs obtained from 12 MS patients and 7 HDs (Fig. 1).
DR2a expression was 5+ 0.8 (p=0.001}) times higher than
DR2b expression.

3.2. Monocytes, B cells and dendritic cells
Monocytes and B cells were subsequently purified from

the PBMCs of a total of 11 donors, 6 MS patients and 5
HDs. On average, transcripts were 4.9+1.6 (p=0.004)

(monocytes, Fig. 2a) and 4.3£0.5 (p=0.016) (B cells, Fig.
2b) times higher for DR2a than for DR2b.

Dendritic cells were generated from 2 MS patients’ and 2
HDs’ monocytes. DR2a mRNA expression was on average
3.7+0.9 times higher than DR2b expression (Fig. 2c).

To study the surface expression of the two molecules, 6

-~ MS patients’ and 5 HDs® PBMCs were stained with anti-

DR2a and -DR2b Ab. B cell and monocyte populations
were identified by gating on CD19+ and CD14+ cells,
respectively. As shown in a representative experiment in
Fig. 3a, all B cells expressed DR2a at high levels, while
DR2b expression varied in intensity across the cell
population. In monocytes, the expression varied widely
for both alleles, in particular for DR2b. In light of this
distribution pattern, we considered that the geometric MF1
(geo.MFI) was the best parameter to compare DR2a and
DR2b expression in B cells and monocytes. Both DR2a and
DR2b were expressed at significant levels on the surface of
B cells and monocytes. However, the DR2a geo.MFI value
was higher than that of DR2b in 9/11 donors’ B cells, and it
was on average 1.3+0.4 (p=0.042) times that of DR2b
(Fig. 3b). In monocytes, the geo.MFI value of DR2b was
higher than that of DR2a in 9/11 donors, and it was on
average 2+£0.4 (p=0.032) times the expression of DR2a
(Fig. 3b).

Similarly to monocytes, dendritic cells surface expres-
sion was 1.820.3 times higher for DR2b than for DR2a
(Fig. 3c).

When comparing the ratio of DR2b/DR2a expression
levels between MS patients and HDs, no differences were
observed.

To investigate whether DR2a and DR2b expression was
differentially modulated by known MHC inducers, we
studied their temporal expression in monocytes and B cells
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from both HDs and MS patients upon stimulation with 500
U/ml IFN-y and 20 ng/ml IL-4, respectively. Titrations
were performed and the above IFN-y and IL-4 doses
proved to be the most effective for in vitro experiments, A
total of 10 time course (24, 48 and 72 h) experiments were
performed. The expression of the two alleles was similarly
modulated both at the mRNA and surface level (not
shown).

3.3. Tcells

As activated T cells are able to express MHC class II
molecules and may play a role in antigen presentation in
addition to professional APCs, we studied DR2a and DR2b
surface expression on activated T cells. PBMCs were
incubated with 2.5 png/ml PHA. After 48 h of incubation,
DR2a and DR2b surface expression was evaluated on CD3+
T cells: both molecules were up-regulated in about 65% of T
cells and their surface expression was 1.6 times higher for
DR2b compared to DR2a (not shown).

3.4. Response to IFN-f3

We also wanted to study whether DR2a and DR2b
expression can be differentially down-modulated. As
previously reported, IFN-B, one approved therapy of MS,
down-regulates the MHC class II expression induced by

IFN-y in macrophages, B cells and human glial cells.

(Fertsch et al., 1987; Inaba ct al, 1986; Jiang et al.,
1995). Therefore, PBMCs were incubated with IFN-B (1000
U/ml) or IFN-y (100 U/ml), respectively, or a combination
of the two, or medium only. DR2a and DR2b surface
expression was studied by flow cytometry in B cells. The
treatment with IFN-B resulted in an approximately 40%

reduction in both HLA-DR2a and DR2b expression induced
by IFN-y (not shown). We did not observe lower levels of
DR2a and DR2b surface expression in MS patients that
were treated with IFN-R. This is not surprising since in our
in vitro experiment IFN-R was used at concentrations higher
than those achievable in vivo.

3.5. Cerebrospinal fluid cells

We analyzed DR2a and DR2b mRNA expression in 2
CSF mononuclear cell samples from MS patients. DR2a
was on average 3.2 times higher expressed than DR2b
Fig. 2c).

3.6. CNS tissues

In CNBS tissues DR2a mRNA expression was on average
5%1.8 (p=0.001) times higher than that of DR2b (Fig. 4).

3.7. Thymic tissue

The thymus is the central immune organ for cellular
immune responses and the site of negative and positive
selection. As thymic expression of DR2a and DR2b may
be important for the development of central tolerance, we
analyzed the expression of the two molecules in 3 thymic
tissue samples. DR2a mRNA. expression was on average
3.5£0.5 times higher than that of DR2b (Fig. 3a).
Immunofluorescence staining on frozen sections obtained
from the same 3 thymic tissue samples showed that both
alleles were clearly expressed (Fig. Sc, d, e). Further
studies are necessary to follow up on the preliminary
observation of a differential distribution of DR2a and
DR2b surface expression in thymic tissue that could not be

NAWM 1 F‘—‘—]—p

P2

P3

NAWM 3

]
P4

b
Ps !:'

P6 MS centrd

P7

rDR2b
DDRZa_

I nervous system tissué

0 100 200 300

400 500 600 700

DR2a and DR2b copy number / beta-actin copy number (x10°%)

Fig. 4. Relative expression of DR2a and DR2b mRNA in MS lesion conlaining material obtained from 7 patients. NAWM: normal appearing white matter; P:

MS lesion containing niaterial.





