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Abstract

A modified polymerase chain reaction protocol was used to amplify the entire envelope-coding
region of HIV-1 directly from brain and lymph node tissue obtained at autopsy from three
HIV-Il-infected individuals. Molecular analysis of amplified DNA by digestion with 18 restriction
endonucleases, singly and in combination, revealed different HIV-1 genotypes in the brain and
lymph node compartments in each of the three individuals. This anatomic compartmentalization
of HIV-1 populations may reflect different viral genomic sequences that determine tropism or
differences in host immune selection pressures in the brain and lymphoid compartments that drive
the emergence of distinct viral populations.

Numerous lines of evidence support a causative role for the human immunodeficiency

virus (HIV-1) in the neurologic dysfunctions seen in many patients with acquired
immunodeficiency syndrome (AIDS; reviewed in references 2 and 31). The presence of
HIV-1 can be directly demonstrated in the central nervous system (CNS) by virus isolation
and direct hybridization analysis (4,12,13,18,25,39). The major target for HIV-1 infection in
the brain appears to be cells of the monocyte/macrophage lineage. Direct viral involvement
in the various neurologic dysfunctions including demyelination is difficult to reconcile with
the low incidence of neuronal and glial cell infection by HIV-1. Rare low-level infection in
some astrocytes and neurons has been observed (39), and the possibility of latent infection
of neuronal or glial cells below the limits of detection of /n sitv molecular hybridization
techniques has not been excluded. Watkins et a/. (37) have demonstrated HIV-1 replication
and resultant destruction of microglial cells /n vitro. In neurons, HIV-1 gp120 has also been
shown to induce increases in cellular calcium associated with neurotoxicity; this implicates a
viral mechanism in neuronal destruction.

As judged by a variety of biologic properties including replication in various cell lines,
cytopathogenic capacity, and ability to modulate CD4 antigen, brain isolates of HIV are
phenotypically distinct from virus populations of the lymphoid compartments and have
been proposed to represent a distinct group of viruses (4). HIV-1 strains isolated from
CNS tissue display a preferential cell tropism for macrophages (4,5,19,37), and this altered
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host-cell tropism is determined by a region of gp120 separate from the CD4-binding domain
(27,34). Indeed, although infection of macrophages /n vitro appears to proceed via a CD4-
dependent route (8,26), it exhibits increased resistance to soluble CD4 compared with HIV-1
infection of T cells (15). Additional support for an alternative mode of entry by HIV-1 is

the CD4-independent infection demonstrated in fetal dorsal root ganglion glial cells (20),
glioma-derived glial cells (7,11,17,38), and muscle cells (7).

For several reasons we have focused on the envelope open reading frame (ORF) of HIV-1 to
study the molecular basis for altered HIV-1 tropism. HIV-1 tropism appears to be determined
by events prior to formation of the provirus (3,27,34). We have observed that mutations in
the CD4-binding epitope of HIV-1 that restrict the ability of HIV-1 to infect and replicate

in T cells (21) do not alter the infectivity of HIV-1 for glial cell lines (S. Haggerty et al.,
manuscript submitted). Single amino acid changes in HIV-1 envelope glycoprotein alter the
tropism of HIV-1 for T cells and monocytes (9), and determinants for cytopathogenicity

and tropism in a variety of isolates have been attributed to the envelope glycoprotein (40).
Thus, it is possible that if distinct receptor molecules are important for HIV-1 replication

in the CNS, one may expect to observe genotypic alterations in the envelope as well as
modification of the cell-specific tropism of the virus. Two separate groups of investigators
have localized the macrophage tropism-determining region of gp120 spanning 159 amino
acids upstream of the CD4-binding epitope (27,34). In view of the fact that these researchers
amplified the HIV-1 isolates in tissue culture prior to analysis and that there were not paired
lymphoid isolates from the same patients, further delineation of the macrophage-determining
regions was not done.

METHODS

We have adapted the polymerase chain reaction (PCR) to allow amplification and
characterization of the envelope-coding region of HIV-1 directly from paired tissues (brain
and lymph node) of each of three HIV-1-infected individuals. To date, analyses of CNS-
derived HIV-1 isolates have been subsequent to propagation of virus in cell culture. Given
that /n vitro propagation of virus probably favors isolation of adapted variants, PCR
amplification of viral genes should allow a more representative analysis of virus populations
in vivo. Tissue samples were obtained from three HIV-1 infected individuals post mortem.
Relevant clinical observations and HIV-1-related neurologic findings at autopsy are shown
in Table 1. Two patients (Ha and Sk) displayed typical cognitive problems and at autopsy
were found to have extensive morphologic CNS damage. One individual (Wi) died of causes
unrelated to AIDS, and autopsy revealed no evidence of HIV-1-related morphologic changes
in the CNS (Table 1).

Total cellular DNA was extracted from brain and lymph node tissue of each patient as
described (6), and the complete envelope-coding region of HIV-1 was amplified by PCR
using two rounds of amplification and nested primers (Fig. 1). Both sets of nested primers
(set 8/3, followed by set 7/9; Fig. 1A) were directed to highly conserved regions of the
HIV-1 genome and specified the retention of two restriction-endonuclease recognition sites
to facilitate subsequent subcloning and construction of chimeric virus genomes. We found
that titration of MgCl, (not shown) and of each primer set (7/9, Fig. 1B; data not shown)
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was critical for efficient amplification of a 3.1-kb region of HIV-1 spanning the entire
envelope ORF. This fragment was demonstrated to be envelope specific after transfer of the
gel contents to nylon and hybridization to an envelope-specific probe. It had been observed
previously that amplification of large regions of DNA by PCR is strongly influenced by
primer concentration (S. Dewhurst, personal communication). As shown in Figure 1B, low
primer concentrations were required to facilitate 3.1-kb DNA amplification, and optimal
amplification was observed at around 5 pM of each primer. The use of nested primers was
also essential to amplify the envelope-coding region from a genomic background (Fig. 1C),
presumably because of a decrease in competition by spuriously primed DNA for substrates
and the resultant increase in specificity and yield.

Two rounds of amplification with nested primer pairs resulted in the amplification of a
~3-kb envelope-specific DNA band from patient DNA (“St-LN,” Fig. 1D) but not from the
HIV-1-negative, CD4-positive cell line, CEM (“cont.,” Fig. 1D). Use of only one round did
not result in a significant level of amplification product from these samples (13t ROUND
v2"d ROUND, Fig. 1D). In addition to amplification of a 3.1-kb en-specific fragment,
we routinely observed a smaller product of approximately 700 pb after second-round
amplification (Fig. 1D), which by molecular hybridization was likewise found to be HIV-1
envelope specific and which may have been the result of spurious priming during PCR
amplification.

RESULTS AND DISCUSSION

After two rounds of PCR, the 3.1-kb env~specific DNA fragment was gel purified and
mapped using 18 restriction endonucleases in single or double digests, and the restriction
pattern was analyzed by Southern blot hybridization. Clear differences were evident in the
digestion profile of amplified material from brain and lymph node from individual patients.
For example, Figure 2 shows the digestion patterns of PCR-amplified env-specific DNA
from brain and lymph node tissue of patient Wi. Several distinct restriction-site differences
between the two compartments are indicated. This marked predominance of particular
genotypes within tissue compartments was not attributable to selective amplification of
these genotypes. The polymorphisms observed were not a result of the PCR procedure

nor of partial enzyme digestion, as all polymorphisms were verified using single and
double enzyme digests using PCR-amplified DNA prepared in different experiments. The
digest patterns for each sample remained consistent through repeated procedures, and mock
samples without host DNA were consistently negative. Similar amplification and analysis of
the envelope region from cells infected with the HXB2 isolate (30) provided the expected
cleavage pattern for that virus (data not shown).

The restriction maps of PCR-amplified env DNA from the brain and lymph node of all
three patients are shown on Figure 3 together with maps of seven North American and one
European isolate. It is important to emphasize that the PCR reaction represents envelope-
coding sequences from the population of viruses that existed in that tissue compartment
and which would be expected to contain myriad individual (quasispecies) genotypes (23).
Thus, the observed polymorphisms predominant in the population of viruses within that
compartment are represented by the restriction map; /.e., the major genotype present
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within that compartment. Because these genotypes were amplified by PCR, the surprising
marked predominance of particular genotypes within tissue compartments (Fig. 3) was not
attributable to selective amplification, as would occur subsequent to amplification in cell
culture. We have now begun to characterize multiple cloned PCR env fragments from brain
and lymph node tissue of these individuals and observe typical quasispecies differences (23)
indicating amplification of multiple variants. In addition to depicting the major HIV-1 env
genotype (Fig. 3), we observed polymorphisms at a number of restriction endonuclease sites
represented by less intense bands and indicating viral subpopulations of increased genome
diversity.

Several of the HIV-1 env polymorphisms that differentiate brain from lymph node virus
populations were consistent between patients; e.g., the lymph node-specific BgAl site at
position 7600 in all three individuals and brain-specific HimdIll site at position 8130 in two
individuals. It is possible we are witnessing compartmentalization of quasispecies; however,
the small number of subjects studied here limits the significance of such observations. The
presence of distinct genotypes within the two tissue compartments did not appear dependent
on the neurologic status of the subject, given that patient Wi, who had no AIDS-related
neurologic dysfunction, also displayed distinct HIV-1 genotypes in the brain and lymph node
compartments.

The results presented here demonstrate that distinct HIV-1 genotypes predominate in two
anatomic sites, providing direct evidence for compartmentalization of HIV-1. At present,
the basis for this predominance of distinct genotypes is unknown. However, host-induced
selective pressure that drives HIV-1 diversity may differ in the two tissue sites. Evidence
suggests that HIV-1 replication in macrophages and glial cells in the brain is quite

distinct from replication in T cells. /nn vitro, HIV-1 infection of glial cells results in

a minimally replicative and nonproductive persistent infection lacking any of the HIV-1-
induced cytopathologic damage evident in a cytocidal T-cell infection. Similarly, infection
of macrophages is less efficient than that of T cells. The high levels of unintegrated HIV-1
DNA in terminally differentiated cells of the CNS in AIDS dementia patients (28), the
ability of virus to assemble from intracytoplasmic surfaces of monocytes /n vitro (14), and
the accumulation of self-integrates in this cell type (29) indicate a lifecycle in the CNS that
differs from that typical of T-cell infection in lymphoid tissue. By contrast, HIV-1 infection
of lymphoid cells /n vivo may be characterized by a high-level cytocidal infection leading to
the death of the host cell and susceptibility to immune surveillance. This surveillance may
favor the rapid evolution of divergent HIV-1 genotypes altered in cytopathogenic property
and which are better adapted to persist in the host cell.

We are at present sequencing the primary PCR-amplified DNA and establishing and
sequencing multiple env clones from paired brain and lymph node samples from each
subject. Future creation of chimeric viruses containing PCR-amplified, authentic tissue-
specific envelope-coding regions are under way to determine the significance of specific env
alterations.
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FIG. 1.
PCR-mediated amplification of complete HIV-1 envelope-coding region. A. Region of the

genome targeted by nested PCR primers (numbering according to the HXB2 sequence
[30[). DNA sequence of the primer-binding regions is shown below the representation of
the ORFs. B. Effect of primer concentration on 3.1-kb envamplification. One picogram of
cloned HXB2 DNA (30) was subjected to a preliminary 2-min denaturation step at 95°C
and amplified by 30 PCR cycles, each consisting of 95°C for 30 sec (denaturation) followed
by 58°C for 30 sec (annealing) and then by 72°C for 2 min (extension). PCR reaction
buffer was as described by Perkin-Elmer Cetus except that the MgCl, concentration was
increased to 2.0 mM. Amount of each primer (pM) in the PCR reaction is indicated. C.
Comparative efficiency of two rounds of nested PCR amplification (“Nested”; primer 8/3,
1st round followed by 7/9, 2nd round) versus two rounds of amplification with the same
primer set (“Reused”; primers 8/3); 0.5 pg cellular DNA from brain (Br) and lymph node
(LN) of subject Wi were subjected to PCR as described for Panel B. One fiftieth of the
1st-round PCR products (1 pl) was diluted to 100 pl for 2nd-round amplification. Reaction
conditions were identical in both rounds. D. Efficiency of single-vdouble-round PCR: 0.5
ug of lymph node DNA from subject St or 0.5 pg of cellular DNA from an HI V-I -negative
CD4* T-cell line CEM (“cont.”) were amplified by one round of PCR (primers 8/3) or an
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additional second round (primers 7/9) as described in Panel C. M, 1-kb DNA ladder (BRL);
MA, Hindll1-digested A-DNA mol. wt. markers.
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FIG. 2.
Distinct restriction fragment polymorphisms between PCR-amplified env DNA from brain

and lymph node tissue (subject Wi). Total cellular DNA was amplified by two rounds

of nested PCR as described in Figure 1C. Then 100 to 200 ng of PCR-amplified, gel-
purified, 3.1-kb env DNA was digested overnight with the indicated restriction enzyme,
electrophoresed, transferred to nylon membranes, and hybridized to a subgenomic HIV-1
envprobe (35). Additional DNA fragments resulting from extra-endonuclease cleavage sites
(arrows) and loss of fragments secondary to absence of a cleavage site (asterisk) are shown.
Higher mol. wt. bands are overexposed to allow visualization of lower mol. wt. fragments.

Viral Immunol. Author manuscript; available in PMC 2022 September 27.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

HAGGERTY and STEVENSON Page 11

6000 6500 7000 7500 8000 8500 9000
| | | | | ! |
SivZ KD N NT vGUV VCH 26 G e z
[T TN 11 [ | HXB2
v2Z KD N NT VGUV veC zaoY A 1 zHve z
I N Y O O Y O T 1Tt VL] BRU
sizvzv D HCT VGU v z Hve zp
TN A Y R A Ml SF2
A
S VZ PKD N HNT VGUV vu 2z ZHvVB ZP
A T M W O S S S T CDC 451
s KD N CH I G V VHC 2G S D I ZHVS Z C UA
L L1 10 T 1 T S S N S I T D T
S V KD N HTVGUV VC 26 DV ZHV ZH VA
RS M Y Y A I S LIl 11 11 gpya
PKD N T V GU vt  z6 Wz
il 1 | | i JFL
Vs v K1 H QUG V Z C 26 1 Z HV P A
L1 1l I S LIdl 1 1 wan
v m NcHhT vauv e zv Z HA P
T T M O 1 T N W Y l Ha - Br
V K NCHNT V GUVP VUC ZGV z vy P
I N R U T T R T Ll Ha - LN
VI KD N NT VGUV VvVC Z 1 Z AVB Z
T T M U I S A T Sk - Br
VZ KD N T YyGUuv VUC 2zG Z AV 2
I LYY Tw TR Sk - LN
ZvZz KD N NT VGUV VC ZA | Z AVB 2
O O W W S O A A T Wi - Br
SzZvZ KD N T VGUV VC ZG zZ v P
L 11 B T | [ Wi - LN
FIG. 3.

Restriction endonuclease cleavage maps of brain- and lymph node-specific PCR-amplified
envelope-coding regions. DNA was prepared and analyzed as described for Figure 2, and
the locations of restriction enzyme cleavage sites were deduced from single and double
digests and compiled. Only polymorphisms detected exclusively in that particular tissue
compartment are indicated on each map. The restriction maps of seven North American
isolates (HXB2 [30], BRU [36], SF2 [32], CDC 451 [10], MN [16], BRVA [1], JFL [22])
and one European isolate (HAN [33]) are shown for comparison. Restriction endonuclease
cleavage sites are indicated as A, Aval; V, Avall; B, BamHl; G, BgAl; E EcoRl; H. HpAl; |,
Himdll; K, Kpnl; D, Ndel; N, Nsit; P, Psd; U, Pvidl; L, Sal; S, Sadl; C, Scal; Z, Sspl; T.
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Stul; X. Xhol. Derivation of cleavage patterns for all characterized isolates was facilitated by
information contained within the Human Retroviruses and AIDS Sequence Database (24).
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AIDS-related Clinical Findings and Neurologic Symptoms prior to Death and Morphologic Findings Post

Mortem

Subject Findingsa

Ha Clinical AIDS, PCP, meningoencephalitis
Post mortem  CNS lymphoma, cortical necrosis

Sk Clinical AIDS, PCP, Kaposi’s sarcoma, CMV pneumonia, meningoencephalitis
Post mortem  Marked PML-induced demyelination

Wi Clinical ARC, no neurologic symptoms
Post mortem  No morphologic changes

a L . . . .
PCP, Pneumocytis carinii pneumonia; PML, progressive multifocal leukoencephalopathy; CMV, cytomegalovirus.
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