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ABSTRACT

AIM: To study the interaction between human inter-
leukin-16 (IL-16) and the receptor CD4 { T-lymphocyle
differentiation antigen) of human immunodeficiency virus
type 1 (HIV-1}. METHODS: Two structurally con-
served regions (SCRs) of human IL.-16 were built by the
SYBYL/Biopolymer module using the corresponding
transmembrane { TM) domain of human interieukin-4
(HIL-4) and HIL-2 as the templates. The coordinates
for amino-terminal residue sequence, carboxyl-terminal
residue sequences, and cytoplasm loops were generated
using Biopolymer's 1L.OOP SEARCH algorithm. RE-
SULTS: HI.-16 first formed a homodimer, then con-
tacted with CD4 dimer further forming a dimeric com-
plex. Subsequently, the dimenc complex constructed the
tetrameric complex by two disulfide bridges between the
cysteines of HIL-16 {Cys31-Cys31), CONCLUSION.
The interaction model is useful to propose the action
mechanism of HIL-16 and is beneficial for rational de-
signing of novel anti-HIV drugs.

INTRODUCTION

Interleukin-16 was originally described in 1982 as a
T-cell specific chemoattractant factor and therefore named
lymphocyte chemoattractant factor (LCF)!").  [L-16 is
produced by CD8* lymphocytes and has been reported to
inhibit HIV-1 and SIV replication in infected PBMCL .
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The human immunodeficiency viruses (HIV-1 and HIV-
2) and simian immunodeficiency viruses {SIV) are the
etiologic agents of acquired immunodeficiency syndrome
(AIDS) in their respective human and simian hosts'®!.
Virus attachment also involves the interaction of the
gp120 envelope glycoproteins with specific receptors such
as the CD4 glycoprotein and members of the chemokine
receptor family. CCR5 (cell chemokine recepior type 5)
and CD4 are coreceplors for immunodeficiency virus to
enter target cells. A major function of CD4 binding is to
induce conformational changes in the gpl20 glycoprotein
that contribute to the formation and/or exposure of the
binding site for the specific chemokine receptor'! . Sev-
eral primary SIV isolated no longer depend on CD4 for
efficient entry, and bind to chemokine receptor without
prior CD4 interaction') .

On the other hand, interleukin-16 shares agonistic
effects on CD4~ lymphocytes with anti-CD4 antibodies
and HIV-1 gpl20, while IL-16 and gpl20 share a com-
mon receptor, CD4 glycoprotein''),  Unlike HIV-
gp120, IL-16 suppress cell proliferation without modulat-
ing CD4 from the cell surface. The activity of IL-16 is
absolutely dependent upon the presence of membrane-ex-
pressed functional CI>4 based on previous studies'®! . IL-
16 has been shown to function as chemoattractant facror,
as a modulator of T-cell activation, and as an inhibitor of
immunodeficiency virus replication. The naturally se-
creted bioactive form of IL-16 is produced as a mafure
130-amnino acid protein with neither a signal peptide nor
further processing[”. CDM serves as a receptor for the
secreted form of IL-16, and IL-16 binding to CD4 in-
duces signal transduction, while affects the activation
state of the cell'” . Moreover, the tetrameric structure of
I.-16 appears to be an absolute requirement for IL-16
bicactivity, and fully assembled; bioactive, tetrameric
protein is present preformed only in CD8* T cell.  Al-
though the three-dimensional structure is not known,
there is some evidence that the 15 hydrophilic, C-termninal
amino acids might be important in LL-16 binding to its re-
ceptor, CD4!Y . Although IL-16 and HIV-1 gpl20 both
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use CD4 as a receptor, antibody and peptide binding
studies indicate that they do not share a common binding
Studies indicate that the I.-16 binding site on CD4
may be in close vicinity to the epitope recognized by the
anti-CD4 mAb OKT4 in the V4 domain, whereas HIV-1
gp120 binds to the V1 region of CD4'” . Thus, it is un-
likely that IL-16 sterically inhibits HIV-1 binding to
CD4. Moreover, IL-16 represses the HIV-1 promoter,
Since the p-chemokines MIP ( macrophage-inflammatory
protein }-1a, MIP-18, and RANTES inhibit HIV-1 repli-
cation by blocking virus entry, it is clear that IL-16 and
the 3-chemokines repress HIV-1 at different points in its
replication cycle, thus these naturally occurring anti-HIV-
1 cytokines should be considered for their combined thera-
peutic potential .

However, IL-16 may play a role in a tetrameric
structure despite its unknown 3D structure. Moreover,
IL-16 has been shown to function as chemoattractant fac-
tor, as a modulator of T-cell activation, and as an in-
hibitor of immunodeficiency virus replication. Further-
more, these properties are similar to those of some inter-
leukins, such as IL-15, I.-13, and IL-4. IL-15 can en-
hance immune functions during HIV infection and may
play a significant role in regulating immune mecha-
nism® . IL-4 and IL-13 markedly and significantly in-
hibited HIV replication at the transcription level in mono-
cyte-derived macrophages, and this occurred whether
these cytokines were added before or afier HIV infec-
tion'”. These interleukins (IL-2, IL-4, 1L-13, and IL-
15) belong to the short-chain class of four-o-helical bun-
dle cytokines, a family of proteins with a characteristic
up-up-down-down four-a-helical topology[m]. Thus,
we made a hypothesis that the secondary structure of IL-
16 was predicted as a helical cytokine and may belong to
the short-chain class of four-e-helical bundle proteins be-
cause of its potential biological activities and its sequence
length being generally smaller than 150 residues. On the
other hand. HIL-5 is a disulfide-linked homodimer with
115 amino-acid residues in each chain., The crystal
structure at 2.4 A resolution reveals a novel two-domain
structure, with each domain showing a striking similarity
to the cytokine fold found in IL-2, IL-4, and GM-
CSF' . This is helpful for building the dimer of human
interleukin-16.

In this report, we generated the structural models for
hurnan interleukin-16 and the interactions between HIL-16
and iis receptor, CI4.

site.

METHODS

Molecular modeling of 3D structure of HIL-16 was
performed on a Silicon Graphics Iris Indigo {SGI Inc,
Silicon CA, USA) workstation using the Biopolymer
module of the commercial software packages SYBYL V6.
3 (Tripos Inc, St Louis MI, USA).

The homology comparison of HIL-16 with
HIL-2 and HIL-4 The sequences of human inter-
levkin-16, HIL-2, and HIL -4 were compared by the soft-
ware packages MSA version 1.0 (Multiple Sequence
Alignment, InforMax Inc}. The sequences of HIL-16,
HIL-2, and HIL.4 come from GeneBank (AC code sepa-
rately Q14005, P01585 and P05112).

Molecular modeling of HIL-16 Two high-res-
olution X-ray crystal structures of HIL-4 (PDB code file
2INT) and HIL-2 (PDB code file 3INK) were used as
template structures to create independent HIL-16 models
(Tab 1). Using the structures of HIL-4 and HIl-2 as

Tab 1. Sequence alignment of the four helical frag-
ments of -2, IL-4, and IL-16. Note: SP and TP re.

spectively express the starting points and the terminal

points of four ¢-helical fragments.
Name SP  Sequences TP
Helix-1
HIL-2 12 [QLEHLILDLOMIL 25
HIL-4 5 | TLQETIKTLNSLT 13
HIL-16 7 qTpsaasASAASDY 0
Helix-2
HIL-2 85  HLQULEEELKPLEEVLN 73
HIL-4 4] EKETFCRAATVLRQFYS 57
HIL-16 45 g EGREGSLHGUKPLTT &1
Helix-3
HIL2 84 DLISNINVIVLFIKGSE 00
HIL4 70 AUQILRHKQLIRFLKRLDRNLYGLA 94
HIL-16 72 QSETVQPGNETT QLAGTAMQOLTRF T8
Helix-4
HIL-2 114  IVEFLNRRITFCQSIIST 131
HIL-4 109 | BNFLERLKTIMREKYSK 128
HIL-16 109 126

PY1TVIRRKSIQSKETTA

templates, each a-helices was superimposed on to the cor-
responding position in the template structure. Then, the
average mode! of SCRs (structurally conserved regions)
was generated. The N-termini, C-termini, and loop
segments were generated using Biopolymer's LOOP
SEARCH algorithm. Automatic adjustments were made
o remove the unfavorable steric interactions and to make
the model consistent with the mutational data. The total
energy was minimized via molecular mechanics. The
primary models were now optimized for 200 steps with
the steepest descent minimization and subsequently for
2000 steps with conjugate gradient minimization, using
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the Kollmann all-atom force feld in SYBYL 6.3. A
cutoff of 0.8 nm was used, and dielectric constant was
set at 5.0 and was dependent on the distance!™ .

According to the crystal structure of HIL-5, a
dimeric model of HIL-16 was built end to end of the HIL-
16 monomer using Biopolymer module.  On the basis of
the homodimer of HIL-16, the tetrameric model of HIL-
16 was constructed by back to back link of two disulfide
bridges {Cys31-Cys31).

Molecular modeling of a complex with HIL-
16 and CD4  In the same way, the molecular models of
dimeric and tetrameric complexes with HIL-16 and CDd
were built using the Biopolymer modules within SYBYL
software, First the dimeric complex with HIL-16 and
CD4 were generated on the basis of HIL-16 dimer and
known CD4 dimer (PDB code file 1wio). Subsequent-
ly, the tetrameric complex with HIL-16 and CP4 were
constiucted based on this dimeric complex by two disul-
fide bonds (Cys31-Cys31).

RESULTS

Fig 1 shows that human interleukin-16 has a high
homology with HIL-2 and HIL-4. Fig 2 displays the se-
quence homology of the four helical regions of HIL-16,
HIL-2, and HIL-4, which possess a high homology to-
wards each other, This is useful to design and ensure the
probability of helical fragments. According to the crystal
coordinates of known helical regions of HIL-2 and HIE -
4, the four-helix amino acid residues were confirmed and
listed in Tab 1. The residue fragments of helix-1, helix-
2, and helix-4 of HIL-16, HIL-2, and HIL-4 in Tab I
are consistent with those in Fig 2. However, the third
helical regions of the three interleukins in Tab 1 are dif-
ferent from those in Fig 2 because the third helix length of
HIL-Z from PDB is shorter than that of HIL-4. There-
fore, the structure model of HIL-16 is actually built on
the basis of the data of Tab 1, especially the helical re-
gions.

Molecular modeling of HIL-16 and its poly-
mers Structural analysis of HIL-16 model showed that
there were five helical domains, such as helix-1 (The8 \
[ Ser18), helix-2 (Leud6-Gly51), helix-2" ( Glys-
Yal62), helix-3 (Val76-Thr94), and helix-4 (Val 110-
Alal27), and other secondary structural elements in it.
HIL-16 practically belongs 0 a four-helical bundle short-
chain chemokine family because the unstable activity of
Ser53-Leu-His motif causes helix-2 to break into two
parts, helix-2 and helix-2’. Only one cysteine residue

exists in IL-16, which is important to form tetrameric
structure of HIL-16.

(@
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Fig 1. The homology comparison of human interleukin-16
with hanman interleukin-2 and human interfeukin-4. {a}
The sequence alignments of HIL-16 with HIL-2 and HIL-4.
{b) The concentration distributing of the homology se-

quences of these interleykins.
(a}. Helix-1
Hi_IL-2 (1)
HI_1L-4 (1)
HI_1L-16 (1) STDSMS AS
Consensus ITL 11 SLNSIL
{b). Helix-2
1 19
H2_IL-2 (1) KHLQCLEEELKPLEEILN—

H2_IL-4 (1) —BKETFC FYSH
H2_IL-16 (1) -SLEGGK! LHG IN

Consensus {1} LE AL LKL
(¢). Heiix-3
H3_1L-2 (D) ELKGSE
H3 IL-4 (D) FLK WGLA
H3_IL-16 (1) Qsm]qpcn LALGGTAJRGLTRE
Consensus (1) ASAQNFHL PKDL! NL IL NL G
(d). Helix-4
H4_1L-2 (1) EFL ITFCQSIIST
H4_IL-4 (1) NFLE L EKYSK
H4_1i-16 {1) PVTI§L KE A
Consensus (1) IV FL R KTI

Fig 2. The four helical sequence alignments of HIL-16
with HIL-2 and HIL-4.
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Based on the crystal structure of IL-5 dimer, the ho-
modimer model of IL-16 was constructed where the four
helices are located end to end and C-termini to C-termini.
This dimeric model of HIL-16 is built by end to end
replication of HIL-16 monomer, which is similar to that
of HIL-5. This model is in the axis of symmetry, and
amino-terminal and carboxyl-terminal are situated on the
same side, and the only cysteine is on the opposite side.
Structural analysis suggests that there are some hydropho-
bic interactions between the AB loop, helix-2 and the CD
Toop of one strand of HIL-16 and those of another strand
of HIL-16. And the carboxyl-terminal residue Aspl29 of
one strand of HIL-16 forms double hydrogen bonds with
two amino-terminal tesidues {Leut and Asn5) of another
strand, respectively.

A disulfide-linked tetrameric structural mode! sug-
gests that HIL-16 forms a homotetramer with 130 amino-
acid residues in each chain and is linked by two disulfide
bridges (Cys31-Cys31). There is a hydrogen bond be-
tween the AB loop of one stand and the CD loop of an-
other, which exists between the residue Lys37 and
Asn100, and there is some hydrophobic interaction among
the CD loops (Phe96, Try99, etc),

Molecular modeling of a complex with HIL-
16 and CD4 glycoprotein Fig 3 shows a four-mem-
ber complex with a homodimer of HIL-16 and the CDv
dimer, which displays a model with an axis of symmetry .
Here, the dimeric complex with HIL-16 and CD4 reveals
that the carboxyl-terminal of HIL-16 interacts with the V4
region of CD4, which includes four HIL-16 residues
(G123, Thrl25, Aspl29, and Serl30) and four CD4
residues {Ser350. Gly351, Gln352, and Val353). The
C-terminal acid residues of HIL-16 interact with a Ser350-
Gly-Gln-Val353 motif of CD4 by hydrogen bonds. The
residue Glu123 respectively forms a hydrogen bond with
GlIn352 and Val333 of V4 region.  Similarly, the residue
Ser350 of V4 region forms twe hydrogen bridges with
Thr125 and Aspl29 of HIL-16, respectively.

Fig 4 shows a tetrameric complex with HIL-16 and
CD4 by foming two disulfide bridges between the two
dimeric complexes { Cys31-Cys31) in the same way as
HIL-16 tetramer. The tetrameric complex shows a center
symmetry model, where the tetrameric HIL-16 is located
in the inner area of the complex and the two dimeric CD4
molecules surround the HIL-16 nucleus in a crossing man-
ner. The two HIL-16 dimers are parallel back to back
with two disulfide bridges with respect to C- and N- ter-
mini, and N-termini and C-termini of the two dimmers
are situated at the contrary side. Additionally, there are

some interactions between two strands of HIL-16 and the
V1 regions of dimeric CD4 structure,  Besides the hydro-
gen bond between Alad() and Ser39 of HIL-16, there is
another type of hydrogen bond between the residue Asp53
of one V1 region and Ser6) of another V1 region. This
is different from the tetrameric structure of HIL-16,
which only contains one type of hydrogen bond between
Lys37 of one strand and Asnl00Q of another. These re-
sults prove that HIL-16 plays an important role in the in-
leraction of a tetrameric structure with its receptor, CD4
tetramer, especially in the cellular immune response.

DISCUSSION

CD4 is a coreceptor in the cellular immune re-
sponse. It increases the avidity of association between a
T cell and an antigen-presenting cell by interacting with
non-polymorphic portions of the complex between class I
major histocompatibility complex (MHC) and T cell re-
ceptor (TCR) molecules.  And it contributes directly to
signal conduction through its cytoplasmic association with
the lymphocyte kinase Lck. CD4 also serves as the
high-affinity receptor for cellular attachment and entry of
the human immunodeficiency virus (HIV). The extra-
cellular portion of CD4 comprises of four immunoglobu-
lin-like domains whose structures have a hinge-like vari-
ahility at the V1/V2 to V3/V4 junction that might be im-
portant in immune recognition and HIV fusion, and a
common dimeric association through V4 domains. Wu
et al suggest that the dimers may have relevance as medi-
ators of signal conduction in T cells'** . IL-16 usually
plays a role in a tetrameric structure despite its tertiary
structure unknown. As it is a chemoattractant factor for
all CD4" leukocytes and is a competence growth factor
for CD4* T cells, IL-16 might play a role in accumula-
tion and activation of CD4* immune cells at sites of in-
flammation,

The studies above have shown that HIL-16 can exist
in a center symmetry tetrameric complex model and may
possess some biological activities (such as anti-HIV activ-
ity). Interlevkin-16 and HIV-1 envelope glycopretein
gp120 share a common receptor, CD4 antigen. The ac-
tivity of IL-16 is absolwely dependent upon the presence
of membrane-expressed functional CD4 based on studies
reported.  Competition studies indicate that the IL-16
binding site on CD4 may be in close vicinity to the epi-
tope recognized by the anti-CD4 mAb OKT4 in the V4
domain, whereas HIV-1 gpl20 binds the V1 region of
CD4'”.  Mashikian’s studies indicate the existence of
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Fig3. A dimeric complex of HIL-16 and CD4 glycopro-
tein. The mainchain of lnman C4 and T1TL-16 separately
appear as purple snd green shaded ribbons. HIL-16 is
composed of five helices, three loops and C-/N- terminal
domains. The active sites appesr as ocange and green full-
space balls; the orange display the residues of CIM,
Ser35N-Gly-Gin-Val; the green display the residues of HIL-
16, (lul23, Thrl25, Aspl29, and Serl30.

Fig4. A tetrameric complex of HIL-16 and CIM glycoprotein.

reciprocal receptor cross-desensitization between CD4 and
CCR5 induced by two proinfllammatory cytokines, IL-16
and MIP-1J3, and suggest a selective relationship between
the two receprorst™ .  Moreover, CCRS is a coreceptor
for immunodeficiency virus' entry into the host cell and
the HTV viros binding CD¥ can induce some conforma-
tiomal changes in gpl20 glycoprotein, leading to the ex-
posure of the specific chemokine receptor-binding site of
immunodeficiency vims subsequently. Furthermore, the
apparent affinity of the ineraction between gpl20 and
CCES is lower in the absence of insoluble CDd.  Well
then, how about the relation between human CCRS and
HIL-167

Kwong er af have reported that the interaction be-
tween CD4 and CCRS can be observed in the absence of

(A,
space balls. HIL-16 dimers are colored purple and green,  The four demains of CIM are colored violet (D1), yellow
(D2), red (D3], and orange (D4). (B). HIL-16 dimers are displayed by purple smd green lines. The four domains
of CIM are displayed by yellow or blue shaded ribbons. The disulfide bridges are white.

These proteins are displayed by colored full-

« gp120* . And our molecular modeling of CCR5 com-
plex with gp120 and CD4 shows that Met 1 of human
CCRE5 contacts Arght of CID4 in electrostatic interaction
and Glnd interacts with the critical CD4 residues, Argd8
and Arg59°"! . On the other hand, our results are iden-
tical with the views of Baier et a!'” who repont that CD4
can contact CCRS and HIL-16 at the different position de-
spite CD4 glycoprotein being the common receptor of
CCRS and IL-16. So is there some direct or indirect in-
teraction between CCR5 and buman interleukin-167 We
failed to construct the complex model with CDd/HIL-16
and CD4/gpl20/CCR5 by CD4 linkage because of a
huge spacial block and a limiting calculating capability of
workstation, Therefore, it was supposed that HIL-16
could not directly interact with CCR5, which implied that
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HIL-16 maght indirectly affect the activity of CCRS3.
The affinity of the interaction between gpl20 and CCRS
was lower atong with weaker concentration of CIM,
which was the common receptor of CCR5 and HIL-16.
Thus, it was deduced that the concentration of soluble
CD4 dropped when human IL-16 competed to contact
M4 glycoprotein, which could bring about a lower-affin-
ity of the interaction between gpl20) and CCR5. From
the results above, it is inferred that HIL-16 has an anti-
AIDS activity, maybe due to the lower level of CDd,
which is supported by Theodore et al'®.

Although HIL-16 has an anti-HIV activity in the te-
trameric structure, it is not clear how it interact with its
receptor and whether HIL-16 first forms a tetramer then
comes in contact with four CD4 molecules? Our studies
above reveal an interaction mechanism in the cellular im-
mune response which implies that HIL-16 first forms a
homodimer, then contacts CD4 dimer and forms a dimer-
ic complex with HIL-16 and CD4. Subsequently, the
tetrameric complex s constructed of two dimeric com-
plexes with two disulfide bridges between one HIL-16 and
another. Finally, HIL-16 plays an important role in a
tetrameric complex with CD4. This is supported by the
studies of Wu et al, where dimeric association and seg-
mental variability exist in the structure of human CD4!'?
There is a key cysteine residue, Cys3i, in interleukin-
16. It plays a linking role in polymer formation. In the
complex model of HIL-16 dimer and CD4 dimer, this
residue still exposes itself to the environment, for it is at
the loop of interleukin-16, which is propitious to the for-
mation of the tetrameric complex model of HIL-16 and
CD4 by two disulfide bridges. Namely, Cys31 greatly
contributes to the formation of the tetrameric complex
model. The action mechanism of HIL-16 is only a theo-
retic deduction, which needs further pharmacological ver-
ification,

In summary, the anti-AIDS activity of HIL-16 can
be shown by CCR5 competing for CD4 and resulting in
descrease of CD4 with reduced effect on CCR5. On the
other hand, as it is a chemoattractant factor for all CD4*
leukocytes and is a competence growth factor for CD4* T
cells, 1L-16 play a role in accurnulation and activation of
CD4* immune cells at the sites of inflammation .
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