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Structures of the Tyrosine Kinase Domain
of Fibroblast Growth Factor Receptor
in Complex with Inhibitors

Moosa Mohammadi, Gerald McMahon, Li Sun, Cho Tang,
Peter Hirth, Brian K. Yeh, Stevan R. Hubbard,*
Joseph Schlessinger*

A new class of protein tyrosine kinase inhibitors was identified that is based on an
oxindole core (indolinones). Two compounds from this class inhibited the kinase activity
of fibroblast growth factor receptor 1 (FGFR1) and showed differential specificity toward
other receptor tyrosine kinases. Crystal structures of the tyrosine kinase domain of
FGFR1 in complex with the two compounds were determined. The oxindole occupies
the site in which the adenine of adenosine triphosphate binds, whereas the moieties that
extend from the oxindole contact residues in the hinge region between the two kinase
lobes. The more specific inhibitor of FGFR1 induces a conformational change in the
nucleotide-binding loop. This structural information will facilitate the design of new
inhibitors for use in the treatment of cancer and other diseases in which cell signaling
by tyrosine kinases plays a crucial role in disease pathogenesis.

Protein tyrosine kinases (PTKs) are critical
components of signaling pathways that con-
trol cell proliferation and differentiation.
Enhanced PTK activity due to activating
mutations or overexpression has been im-
plicated in many human cancers (1). Thus,
selective inhibitors of PTKs have consider-
able therapeutic value (2). Although a
number of compounds have been identified
as effective inhibitors of specific PTKs, the
precise molecular mechanisms by which
these agents inhibit PTK activity have not
been elucidated.

Fibroblast growth factors (FGFs) play
important roles in embryonic development,
angiogenesis, wound healing, and malig-
nant transformation (3). The diverse effects
of mammalian FGFs are mediated by four
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transmembrane receptors (FGFR1 through
FGFR4) with intrinsic PTK activity (4).
Activating mutations in FGF receptor
genes have been implicated in various hu-
man skeletal disorders such as Crouzon syn-
drome (5), achondroplasia (6, 7), and
thanatophoric dysplasia (7, 8). Inappropri-
ate expression of FGFs or activation of FGF
receptors could contribute to several human
angiogenic pathologies such as diabetic ret-
inopathy, rheumatoid arthritis, atheroscle-
rosis, and tumor neovascularization (9).
Moreover, genes encoding FGFR1 and
FGFR2 were shown to be amplified in a
population of breast cancers (10). verex-
pression of FGF receptors has also been
detected in human pancreatic cancers (11),
astrocytomas (12), salivary gland adenosar-
comas (13), Kaposi’s sarcomas (14), ovarian
cancers (15), and prostate cancers (16).
We identified a new family of inhibitors
for receptor tyrosine kinases by screening a
library of synthetic compounds. A new class
of PTK inhibitors was generated by attach-
ing different chemical substituents to an
oxindole core (indolinones). These com-
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pounds were then tested for their ability to
inhibit the PTK activity of FGFR1 in NIH
3T3 cells. The chemical structures of two
compounds that were used in subsequent
studies, 3-[4-(1-formylpiperazin-4-yl)-ben-
zylidenyl]-2-indolinone (SU4984) and
3-[(3-(2-carboxyethyl)-4-methylpyrrol-2-
yl)methylene]-2-indolinone (SU5402), are
shown in Fig. 1A (17).

We examined the effect of these inhib-
itors on the activity of the purified kinase
domain of FGFR1 (FGFR1K). An in vitro
autophosphorylation assay was done with
FGFR1K in the presence of various concen-
trations of SU4984 or SU5402 (18). Both
compounds inhibited the kinase activity of
FGFR1K with a median inhibitory concen-
tration (ICsp) of 10 to 20 uM in the pres-
ence of 1 mM adenosine triphosphate
(ATP) (Fig. 1B). This experiment demon-
strated that the inhibitory effects of the two
compounds are due to direct interactions of
these inhibitors with the catalytic domain
of FGFR1.

Next, we compared the capacity of these
two compounds to block the kinase activity
of FGFR1 in living cells (Fig. 1C) (19).
NIH 3T3 cells were treated with the com-
pounds, then stimulated with acidic FGF
(aFGF). The cells were lysed, and proteins
were immunoprecipitated with antibodies
to FGFR1, separated by SDS-polyacryla-

mide gel electrophoresis (PAGE), immuno-
blotted with antibodies to phosphotyrosine,
and detected by autoradiography. Autophos-
phorylation of FGFR1 induced by aFGF was
inhibited by the two compounds with IC;y’s
of 20 to 40 uM for SU4984 and 10 to 20
M for SU5402. These two compounds also
inhibited (with similar ICsy’s) aFGF-in-
duced tyrosine phosphorylation of a 90-kD
phosphoprotein (pp90) and mitogen-acti-
vated protein (MAP) kinases (ERK1 and
ERK2), two intracellular events that are
dependent on the kinase activity of FGFR1
(Fig. 1D). Both compounds also inhibited
[PH]thymidine incorporation in response to
aFGF stimulation (Fig. 1E) (20).

In similar experiments, SU4984 inhib-
ited tyrosine phosphorylation of the plate-
let-derived growth factor (PDGF) receptor
and of the insulin receptor (Fig. 2A) (21).
In contrast, SU5402 did not inhibit ty-
rosine phosphorylation of the insulin re-
ceptor and was only a weak inhibitor of
phosphorylation of the PDGF receptor
(Fig. 2A). Neither compound inhibited
the kinase activity of the epidermal
growth factor (EGF) receptor, even at an
inhibitor concentration of 200 pM. To
examine the effects of the inhibitors on
receptor-mediated signaling events, we
subjected portions of the lysates from in-
hibitor-treated or untreated cells to SDS-

PAGE, followed by immunoblotting with
antibodies to phosphotyrosine, and then
autoradiography (Fig. 2B). Stimulation of
NIH 3T3 cells with PDGF resulted in
tyrosine phosphorylation of the PDGF re-
ceptor (pl90) and phospholipase Cy
(p150), and in activation of ERK2 (p42).
Treatment of NIHIR cells with insulin
resulted in strong tyrosine phosphoryl-
ation of the B subunit of the insulin re-
ceptor (p95) and IRS-1 (p185). Stimula-
tion of HER14 cells with EGF led to ty-
rosine phosphorylation of the EGF recep-
tor (p170) and the adaptor protein Shc
(p52), and to activation of ERK2. Ty-
rosine phosphorylation of these down-
stream signaling proteins was inhibited by
SU4984 and SU5402 in direct correlation
with inhibition of receptor autophosphor-
ylation (Fig. 2). Thus, the two inhibitors
exhibit differential specificity toward
these four receptor tyrosine kinases.

The three-dimensional structure of
FGFRIK has been determined by x-ray
crystallography (22). FGFR1K has a two-
lobe architecture typical of protein kinases.
ATP binds in the cleft between the two
lobes (22, 23). For crystallographic studies
of FGFRI1K-inhibitor complexes, unli-
ganded FGFRIK crystals were soaked in
solutions containing either SU5402 or
SU4984. Data collection and refinement
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Fig. 1. Chemical structures and inhibitory properties of two oxindole-based compounds. (A) Chemical structures are shown for
SU4984 and SU5402. (B) Inhibition of the PTK activity of FGFR1K in vitro by SU4984 and SU5402. The autophosphorylation activity
of FGFR1K was determined in the presence of [y-*2PJATP, MgCl,, and various concentrations of the inhibitors. SU4984: 0 pM [,
5uM @, 25 pM B, 50 uM A, 100 pM O. SU5402: OpM O, 5 pM @, 10 wM W, 25 pM A, 50 pM O. The autophosphorylation reaction
was stopped at different times and the 32P incorporation was quantitated. The autoradiograms of kinase reaction after 5 min are
shown in the left corner of each graph. (C) Inhibition of FGFR1 autophosphorylation in vivo. NIH 3T3 cells were incubated with various
concentrations (in micromolar) of the inhibitors for 5 min at 37°C and then stimulated with aFGF (100 ng/ml) and heparin (10 pg/ml)
(+) or left unstimulated (—) for 5 min at 37°C. Cell lysates were immunoprecipitated with antibodies to FGFR1, separated by
SDS-PAGE, and immunoblotted with antibodies to phosphotyrosine (anti-pY ) or FGFR1 (anti-FGFR1). (D) Inhibition of aFGF-induced
tyrosine phosphorylation in vivo. Portions of the lysates from (C) were analyzed by SDS-PAGE and immunoblotted with antibodies
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to phosphotyrosine. The positions of FGFR1, pp90, ERK1, and ERK2 are indicated by arrows. (E) Inhibition of aFGF-induced
[BH]thymidine incorporation. Inhibitor-treated (50 wM) or untreated (control) NIH 3T3 cells were stimulated with aFGF. The cells were then labeled with
[BH]thymidine and thymidine incorporation was measured after 24 hours.

956

SCIENCE ¢ VOL. 276 » 9 MAY 1997 ¢ www.sciencemag.org



statistics are given in Table 1. The electron
density maps show good supporting density
for all the atoms of SU5402 and for the
atoms of the oxindole and the phenyl ring
of SU4984, whereas the density is weaker
for the atoms in the piperazine ring and the
terminal formyl group of SU4984 (Fig. 3).

The inhibitors bind to FGFRIK in the
same general region as ATP (Fig. 4). The
oxindole of the inhibitors occupies the same
site as the ATP adenine, although the ori-
entations of the bicyclic ring systems differ
by nearly 180° (Fig. 4, C and D). The chem-
ical groups attached to C-3 of the oxindole
emerge from the cleft at approximately right
angles to the direction taken by the rest of
the ATP molecule. Neither inhibitor binds
near the putative substrate peptide binding
site in the COOH-terminal lobe of the ki-
nase, indicating that these inhibitors do not
compete with substrate peptide.

The oxindole makes two hydrogen
bonds to the protein backbone of FGFR1K:
between N-1 of the oxindole and the car-
bonyl oxygen of Glu’®?, and between O-2 of
the oxindole and the amide nitrogen of
Ala*** (Fig. 5). Glu®®? and Ala®** reside in
the hinge region, the segment between B5
and aD (residues 563 through 568) that
connects the two lobes of FGFR1K. These
same two backbone groups of FGFR1K
make hydrogen bonds to N-1 and N-6 of
the ATP adenine (22). The cavity in which
the oxindole (or adenine) binds is lined

with numerous hydrophobic residues in-

cluding Val*?, Ala®'?, Ile>*, Val*®!,
Ala®%, and Leu®®. In addition, Leu®® and
Tyr*%® provide a hydrophobic environment
for the ring proximal to the oxindole—a
phenyl in SU4984 and a pyrrole in SU5402
(Fig. 5).

The remainder of the interactions be-
tween the two inhibitors and FGFR1K
differ. The phenyl ring of SU4984 makes
an oxygen-aromatic contact (24) with the
carbonyl oxygen of Ala®%*. The piperazine

ring of SU4984 is in van der Waals con-
tact with Gly>®’, a highly conserved resi-
due in protein kinases. The terminal
formyl group of SU4984 has poor associ-
ated electron density, indicating that this
group is disordered. Indeed, a compound
lacking the formyl group is as potent an
inhibitor as SU4984 (25). In the
FGFR1K-SU5402 structure, N-1’ of the
pyrrole ring makes an intramolecular hy-
drogen bond with O-2 of the oxindole.
The methyl group of the pyrrole ring is in

Fig. 3. 2F, — F_ electron density maps computed after simulated annnealing (1000 K) with the inhibitors
omitted from the atomic models. Carbon atoms are colored yellow, oxygen atoms red, and nitrogen
atoms blue. The red spheres represent water molecules. Maps are contoured at 1o. (A) Map of
FGFR1K-SU4984 computed at 2.4 A resolution. (B) Map of FGFR1K-SU5402 computed at 2.5 A

resolution. Figure prepared with SETOR (34).
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Fig. 2. Specificity of the inhibitors toward various receptor tyrosine kinases.
(A) Cells were incubated with various concentrations (in micromolar) of either
SU4984 or SU5402 for 5 min at 37°C and then stimulated (+) with different
growth factors [PDGF (40 ng/ml), insulin (1 wg/mi), or EGF (100 ng/ml)] or left SU4984
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immunoblotted with antibodies to phosphotyrosine. (B) Portions of the ly-
sates from (A) were analyzed by SDS-PAGE and immunoblotted with anti-
bodies to phosphotyrosine. The positions of the relevant phosphoproteins
are indicated by arrows.
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Fig. 4. Views of SU4984 and SU5402 bound to FGFR1K. (A) Molecular surface representation of
FGFR1K shows SU4984 bound in the cleft between the two lobes of the kinase. The surface is colored
purple for atoms of the FGFR1K hinge region, light blue for atoms of the nucleotide-binding loop, and
yellow for atoms of the catalytic loop. (B) Representation is the same as (A) but for SU5402. (C)
Superposition of SU4984 and ATP (22) bound to FGFR1K. Carbon atoms of SU4984 and ATP are green
and orange, respectively; oxygen atoms are red, nitrogen atoms are blue, and phosphorus atoms are
black. The y phosphate of ATP is not shown because of disorder (22). Coloring of the backbone
representation is the same as the surface coloring in (A). (D) Same as (C), but showing superposition of
SU5402 and ATP bound to FGFR1K. To highlight the conformational change in the nucleotide-binding
loop induced by SU5402, the loop as found in the FGFR1K-SU4984 structure is included (semitrans-
parent). Figures 4, 5, and 6B prepared with GRASP (35).

A

Fig. 5. Stereoviews of the inhibitor binding sites. The side chains of residues that interact with the inhibitors
are shown. Carbon atoms of the inhibitor and FGFR1K are green and orange, respectively; oxygen atoms
are red and nitrogen atoms are blue. Coloring of the backbone representation is the same as in Fig. 4.
Selected hydrogen bonds are shown as black lines. (A) FGFR1K-SU4984. (B) FGFR1K-SU5402.

Table 1. Data collection and refinement. Expres-
sion, purification, and crystallization of FGFR1K
were done as described (22). Crystals of native
FGFR1K (space group C2, two molecules in the
asymmetric unit) were soaked in 500 w.l of stabi-
lizing solution [25% PEG 10000, 0.3 M (NH,),SO,,,
0.1 M bis-tris (pH 6.5), and 5% ethylene glycol]
containing SU4984 (5 mM) or SU5402 (1 mM) at
4°C for 24 to 48 hours. Data were collected on a
Rigaku RU-200 rotating anode (Cu Ka) operating
at 50 kV and 100 mA and equipped with double-
focusing mirrors and an R-AXIS lIC image plate
detector. One cryo-cooled crystal was used for
each data set. Crystals were flash-cooled in a dry
nitrogen stream at —175°C. Data were processed
with DENZO and SCALEPACK (36). Difference
Fourier electron density maps were computed us-
ing phases calculated from the structure of unli-
ganded FGFR1K (22). X-PLOR (37) was used for
simulated annealing (1000 K) and conjugate-gra-
dient minimization, and TOM/FRODO (38) was
used for model building. The average B factor for
all atoms is 38.3 A2 for FGFR1K-SU4984 and 39.2
A2 for FGFR1K-SU5402.

Parameter SuU4984 SU5402
Data collection statistics
Resolution (A) 20.0-2.4 20.0-2.5
Observations (n) 94093 93535
Completeness (%)* 99.1 (97.9) 97.6(96.1)
Redundancy 3.3 3.7
Roym (%)t 6.3(32.2) 6.8 (23.0)
Signal (| > ol) 11.4 11.8
Refinement statistics

Resolution (&) 6.0-2.4 6.0-2.5
Reflections (n) 23530 20402
R value (%)$|| 19.5(28.1) 19.0(27.0)
Bonds (AT 0.008 0.008
Angles (°)9 1.3 1.4
B factors (A2)q# 1.5 1.5

*Value in parentheses is for the highest resolution shell.
TRy = 100 X 3, 5 [l{hkl) — (I(hKI)/Z,, 3, LKD),
FFor FGFR1K-SU4984: 550 residues, 234 water mole-
cules, 2 SU4984 molecules (4608 atoms); for FGFR1K-
SU5402: 550 residues, 229 water molecules, 2 SU5402
molecules (4636 atoms). §R value = 100 X 3,
IIFo(hkE — | Fe(hk Zma | Fo(hK|, where F, and F_ are
the observed and calculated structure factors, respec-
tively (F, > 20). |Value in parentheses is the free R
value determined from 5% of the data. JRoot-mean-
square deviation. #For bonded protein atoms.

van der Waals contact with Gly*¢?, and

the carboxyethyl group attached to C-3’
of the pyrrole ring is hydrogen-bonded to
the side chain of Asn®%8, the last residue in
the hinge region. Asn®®® is likely to be
involved in ATP binding, because the cor-
responding residue in the insulin receptor
tyrosine kinase (Asp'®®®) makes a hydro-
gen bond with one of the ribose hydroxyl
groups (26).

In the structures of FGFR1K alone or in
complex with ATP (22) or SU4984, the
nucleotide-binding loop (the segment be-
tween B1 and B2 involved in ATP coordi-
nation) is poorly ordered. In contrast, the
loop is relatively well ordered in the
FGFR1K-SU5402 structure, adopting a
conformation in which a highly conserved
phenylalanine in the loop, Phe*®®, extends
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Fig. 6. Interaction of 568
SU5402 with the FGFRIK A !
hinge region. (A) Alignment EFGFRI YASKGN
of the amino acid sequenc- BEDGER YCRYGD

; : ! INSR LMAHGD
es in the h!nge region of Zomg ILMPEGC
FGFR1 (residues 563 to vEcrFR YCKYGN

568) and several other re-

ceptor tyrosine kinases. Single-letter abbreviations for the
amino acid residues are as follows: A, Ala; C, Cys; D, Asp; F,
Phe; G, Gly; H, His; K, Lys; L, Leu; M, Met; N, Asn; P, Pro; R,
Arg; S, Ser; and Y, Tyr. (B) Oxygen-aromatic interactions of
the phenyl ring of Phe*#9, The view is approximately 90° from
that in Fig. 5, from the right. The coloring is the same as in Fig.

5, with hydrogen atoms (modeled) colored black.

B

Control
SU5402

FGF: = #'— +'=
FGFR1~

pp90—~ ¢
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Fig. 7. Importance of carboxyethyl group of
SU5402 in inhibition of FGFR1. (A) NIH 3T3 cells
were treated with 20 uM of SU5402, SU4314, or
SU5404 for 5 min at 37°C and then stimulated
with aFGF (100 ng/ml) and heparin (10 w.g/ml) (+)
or left unstimulated (—). Cell lysates were immu-
noprecipitated with antibodies to FGFR1 and an-
alyzed by SDS-PAGE, and then immunoblotted
with antibodies to phosphotyrosine (anti-pY) or
FGFR1 (anti-FGFR1). (B) Portions of the lysates
from (A) were analyzed by SDS-PAGE and immu-
noblotting with anti-pY.The positions of FGFR1,
pp90, ERK1, and ERK2 are indicated by arrows.

toward the oxindole, capping the hydro-
phobic pocket in which the oxindole binds
(Figs. 3B and 5B). The difference in posi-
tion of Phe*? in the two FGFR1K-inhibitor
structures is ~10 A. The phenyl ring of
Phe*® in the FGFR1K-SU5402 structure is
stabilized by an extensive network of oxy-
gen-aromatic interactions near the plane of
the ring (Fig. 6B). Each of the five hydro-
gen atoms of the phenyl ring is in prox-
" imity to an oxygen atom (2.3 to 2.9 A):
the two carboxyethyl oxygens of SU5402,
the carbonyl oxygen of Arg®?’, the side
chain oxygen of Asn®%8, and a side chain
oxygen of Asp®*!. Asn%?8 is a highly con-
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served residue in the catalytic loop (resi-
dues 621 to 628), and Asp®*! is part of a
conserved Asp-Phe-Gly sequence motif
found in the activation loop (residues 640
to 662) of protein kinases.

The interactions between SU4984 and
FGFR1K observed in the crystal structure
would not appear to confer specificity:
hydrogen bonds are made to backbone
groups, and many of the hydrophobic in-
teractions are with conserved residues in
the PTK family (Fig. 5A). Consistent with
the structural results, SU4984 exhibited
rather broad specificity (Fig. 2). The lack
of inhibition of the EGF receptor by
SU4984 is therefore surprising. The mech-
anisms of autoinhibition (22, 27) or acti-
vation, or both, for the EGF receptor may
be sufficiently different to account for the
insensitivity to SU4984. Different classes
of molecules are potent inhibitors of the
EGF receptor (2, 28).

In contrast, SU5402 showed specificity
for FGFR1. The hydrogen bond between
the side chain amide of Asn®® in the hinge
region and the carboxyethyl group of
SU5402, and the conformational change in
the nucleotide-binding loop stabilized by it
(Figs. 5B and 6B), evidently confer this
specificity. In both the insulin and PDGF
receptors, the residue at the position corre-
sponding to Asn®® is an aspartic acid (Fig.
6A), which at neutral pH will not form a
hydrogen bond with the carboxyethyl
group. The vascular endothelial growth fac-
tor (VEGF) receptor (FLK) also has an
asparagine at this position (Fig. 6A);
SU5402 is a potent inhibitor of VEGF re-
ceptor in living cells (25). The role of the
carboxyethyl-Asn®®® hydrogen bond in
FGFR1 kinase inhibition was evaluated
with two compounds similar to SU5402 but
which lack the carboxyethyl group. 3-[(3-
methlypyrrol-2-yl)methylene]-2-indolinone
(SU5404) and 3-[(pyrrol-2-yl)methylene]-
2-indolinone (SU4314) were much weaker
inhibitors of aFGF-induced tyrosine phos-
phorylation than SU5402 (Fig. 7).

The amino acid sequence in the kinase
hinge region shows considerable variability
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among PTKs (Fig. 6A), providing a possible
means to achieve specificity in a PTK in-
hibitor. The FGFR1K hinge region com-
prises six residues, but the backbone con-
formation is such that the side chains of
Ser®%> and Lys®®® point away from the ATP-
binding cleft. Furthermore, Gly>® is highly
conserved, leaving Tyr’®3, Ala®%%, and
Asn®® as hinge residues available for inter-
action with selective PTK inhibitors. Tyr’?
is on the periphery of the binding site for
SU4984 and SU5402, and would not ap-
pear to greatly influence the binding of
compounds of this class. In the PDGF re-
ceptor, a cysteine is found at the position of
Ala®%*. Modeling of cysteine for Ala®®* in
the FGFR1K-SU4984 structure suggests
that the cysteine could interact favorably
with the phenyl ring of SU4984, which may
explain why SU4984 is a more potent in-
hibitor of the PDGF receptor than of
FGFRI1.

Crystal structures of the serine/threo-
nine kinases cyclin-dependent kinase 2
(29), casein kinase 1 (30), and cyclic AMP
(adenosine 3’,5’-monophosphate)—depen-
dent kinase (31) in complex with various
inhibitors have been described. These and
the present structures show that the ATP-
binding pocket, although relatively well
conserved in the protein kinase family, will
accommodate molecules of different chem-
ical structure which can selectively inhibit
protein kinases.

We propose that specific, ATP-compet-
itive PTK inhibitors can be rationally de-
signed upon an oxindole core. The data
presented suggest that the oxindole confers
high affinity for the adenine binding site in
PTKs. Chemical modification of the oxin-
dole at positions 5 and 6 could enhance
binding affinity and improve selectivity. Se-
lectivity for individual PTKs could be
achieved through interactions between the
substituents attached to position 3 of the
oxindole and residues of the kinase hinge
region. The discovery of a new class of PTK
inhibitors and the elucidation of their
mechanism of action is significant, because
PTK inhibitors are currently used in clinical
trials in patients with recurrent malignant
glioma as well as other cancers (32).
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Kinetics of Response in Lymphoid Tissues to
Antiretroviral Therapy of HIV-1 Infection

Winston Cavert, Daan W. Notermans, Katherine Staskus,
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In lymphoid tissue, where human immunodeficiency virus-type 1 (HIV-1) is produced and
stored, three-drug treatment with viral protease and reverse transcriptase inhibitors
markedly reduced viral burden. This was shown by in situ hybridization and computerized
quantitative analysis of serial tonsil biopsies from previously untreated adults. The fre-
quency of productive mononuclear cells (MNCs) initially diminished with a half-life of
about 1 day. Surprisingly, the amount of HIV-1 RNA in virus trapped on follicular dendritic
cells (FDCs) decreased almost as quickly. After 24 weeks, MNCs with very few copies
of HIV-1 RNA per cell were still detectable, as was proviral DNA; however, the amount
of FDC-associated virus decreased by =3.4 log units. Thus, 6 months of potent therapy
controlled active replication and cleared >99.9 percent of virus from the secondary

lymphoid tissue reservoir.

In HIV-1 infection, the measurement of
viral load in plasma is a useful guide to
prognosis and to the efficacy of antiretrovi-
ral therapy (1). Ultimately, however, the
impact of treatment can only be assessed
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completely in the lymphoid tissue (LT) res-
ervoirs, where most of the virus is produced
by CD4" T lymphocytes, macrophages, and
other lymphoid MNCs and is stored in im-
mune complexes on the surfaces of FDCs.
In the asymptomatic stage of infection, the
pool of virus on FDCs is at least an order of
magnitude greater than that in MNCs (2).
In turn, both LT viral compartments exceed
by orders of magnitude the quantity of free
and cell-associated virus circulating in the
bloodstream. In ‘reports published to date,
the LT viral pools are little affected by
monotherapy with nucleoside analog drugs
that inhibit reverse transcriptase (RTIs) (2,
3) and are only moderately reduced by ther-
apy with two or three RTIs (4, 5).

We investigated the effect of treatment
with a more potent antiretroviral drug com-
bination on viral burden in serial tonsil
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