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The nervous system is invaded early in HIV-1 infection and subse-
quently is subject to a variety of neurologic problems, which can be
classified inta (1) primary HIV-1 CNS disease, in which HIV-1 is the sole
etiologic factor; (2) opportunistic infections and tumors, which occur
secondary to HIV-1-induced immunologic derangement; and (3) fatro-
genic disease, which is caused by medical treatment of HIV-1 infeclion.

Primary HIV-1 neurologic disease remains a clinical diagnosis thal
is based on the presence of certain positive signs and symptoms, and on
the exclusion of other known causes for neurologic disease, such as CNS
opportunistic infections, tumors, and neurosyphilis.'” The initial work-
up typically is conducted by a neurologist or neuropsychiatrist, and these
evaluations are covered by D, Stern elsewhere in this issue. Given the
often subtle nearocognitive changes that may occur in asymptomalic or
early symptomatic HIV-1 infection, a neuropsychological consult may be
required and is detailed by Dr. Stern and Dr. Grant in their articles in
this issue, A clinical neurologic and neuropsychological examinalion pro-
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:,;!,Jiﬁhq,‘s Letwieen different Fnihngcnsl“- L T series of 5o AlDS pa
tients w weived a final di iy o e Ll
ho received a final diagnosis on the basis of vither brain Dinpsy

s postinorte aralil exami YaR : : ¥
or postmortem brain examinations, a very high rate (up to 50%) of

incarrect antemortern diagnoses was noled ® This issue is complicoted
turther by the observation that many AIDS patients have muli Ju ey

cranial pathogens, : .
;CT- and MR imaging studies also have established that primary CNS
HIV-1 infection can be associated with characteristic imaging features
These include cortical atrophy, ventricular enlargement, and diffuse or
Fa_tcllx: Trul..“tﬁ ma tter ahm_‘.nrn]ali!ies, particularly in periventricular areas.™
i - These findings are especially evident in more advanced
HIV-1 disease, and occur most frequently in association with HIV-1-
associated dementia ™ * 7 100 1 20T, ﬁl‘e&?m‘u of a "nermal” scan
however, does not preclude active CNS HIV-1 disease. The neuroimag-
ing abnormalities in patients with primary HIV-1 infoction |11':1l1‘|[1t.'
reflect the cumulative effects of long-term, on-going neuronal Inw.l 15-
trogliosis, and demyelination that characterize HIV-| L‘i'LI..'L']J]h]c“Ii'ti i
Studies that examined neuropathologic findings after ima ring gen-
erally have reported good correlation belween MR imaging aé:nnhng-ﬂi—
ties and pathalogic changes such as cerebral atrophy and white 1111;1L-r
changes ™ =7 " 17 Given the problems inherent in studies of MR ifeg:
mb—pntlmluguc_ rul._atium:hips, particularly temporal delay u}' scan and ‘j;-
thology examinations, the generally good correlation for atrophy fn::.i
diffuse white matter changes support the use of MR imaging rross ‘F a-
tures fl.'ll'ldi:"ll.li.‘lir.':]'l and follow-up of disease, More subtjll:: tuhl B Lu‘:{liv
characteristic features of CNS HIV-1 infection, such as the prua'vﬁm.: f
clusters of multinucleated giant cells, cannot be visualized on MR irri'ln'L 2
ing or CT, ™7 and indicate a relative lack of sensitivity ta more 411L;t1i'=
brain changes, particularly those likely Lo occur in HIV-1-associal Li
minor cognitive/motor disorder, '™ : e
i a"':.:l_l.lI'L'l-‘lIHI'l‘ ol 1';_1'u|1ll g stodies tl'l.i'l.'L' P luded well-cletimed gl
ppropriately matched HIV-1 seronegative control groups, systemalic
nedrologic and neurepsychological work-ups, ™ I ..1.':1u.|kl]utml1ri
ils::;;Jtﬂ:slllja:;:jnﬁnﬁ Ipl:lf.‘:lfl.l_l'_t‘ﬁ,“' " These .'-itlil:“L":i have indicated that MR
s ;-1‘ 5 9L SuBects with early HIV-1 discase, with or without mild
e :i’}'-'*:}"f““h_ﬁz;lw' findings, are not signilicantly different from the MR
JW}JI‘;’: :'“"']‘H“ controls, Quantitative MR imaging measures of atro-
En;ru 2 f 11_ :.x[uh, matler abnormalities"" are correlated positively with a
ings fu.::i.‘- I;::i:f-:ﬁ:'r:if::‘i IL.i-i:’l_ll_:lrf?w[‘:'_"'tffi cognitive /motor complex. Find-
A sl disEngeie, BIng studies, however, are not relaled invariably Lo
imﬁclfla.ltlcﬂjﬁr!ju En:L:flr::nfi tlln'lL serial studies of MR imaging abnormalities have
e s el ST ) malilies secn in asymptomatic HIV-1 disease
clinical ":’ ""f""‘f OVIEE I- to 2-year period, nor were they assoclated with
1-.:5icmdia}‘(f;}&-w?':‘;-::_; 1_ln!lfr.1ur ]:!-:ItiL*l]tH with symplomatic HIV-1 neuro-
i|1|.p;-u-.,r._-|-.|.._~'m'.,-. - \.:.}l,i : 1:_1?5' were cm'n:'!.:r_rent worsening (0 = 3) or
sl sl n MR imaging, clinical, and neuropsychologicnl
. Likewise, isolated observations have indicated that MR inging
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abnormalities may improve with concurrent clinical improvements dur-

ing treatment with zidovudine.™ :

Several studics have compared the ulility ol MR imaging b other
atandard laboratory measures used Tor e evaluation of HIV-1 nevrs-
w4 005 7 Neuropsychological," ™ CSE™ ™ ™ and neu-

logic disease,™
rophysiologic findings™ "™ appear to e more sensitive than MR imaging
in detecting early effects of HIV-1 on the brain.

Single Photon Emission Tomography (SPECT)

Functional imaging is a new technology that has vel 1o be applied
in large series or longitudinal studies in HIV-] disease.™ SPECT uses
radionuclides that emit gamma waves along with CT to provide meas-
vres of resgional corclieal Blood fow (FCBE)Y. No definitive dala are avail-
able to indicate which radienuclide of the several used is most sensitive
in HIV-1 disease, so these will not be differentiated here. Few studics
have been published to date, and there has been a Tack of standardization
of methodology, and particularly of methods to quantitate rCBF, that
makes direct comparison among studies difficull. The prefiminary find-
ings on small series, however, have been encouraging reparding the use
of SPECT to identify potential early cases of HIV-1-related CNS disease.
Studies using qualitative evaluation of SPECT scans have suggested that
SPECT could be used to provide early detection of both primary® '™ )
318,20 gnd secondary ™ 7 HIV-1-related CNS discase. In primary HIV-
| neurologic disease, no consistent pattern of SPECT findings was re-
ported, with cerebral asymmetries'™ ** and multipie diffuse or focal
uptake defects* """ *'" evident, particularly in parietal, temporal, and fron-
tal regions. ™ Masdeu and colleagues'™ reported high correlation {115
between global clinical neurologic ratings and retrospective ratings of
SPECT scans in 32 patients with ADC.

Altempts o quantitate rCBE from SPECT scans have revealed spoe-
vific regional SPECT abnormalities in the basal ganglia that are related to
clinical severity, " ™ ' Ag expected, the [requency and severity of
SPECT abmarmdlitics generally have been reported to be higher in more
advanced disvase, and in many instances have preceded MR imaging or
CT findings." 7 20030 SPECT abnormalities also have been oond in
some neurologically asymptomatic  individuals= = = although
matched HIV-1 seronegalive controls have yet to be evaluated. ™

Positron Emission Tomography (PET)

PET scans involve the injection of radivactive tracers attached to
specific ligands into the cerebral circulation. Depending on the ligand,
PET imaging can measure cerebral metabolism, regional cerebral oxvgen
utilization, regional cercbral blood flow, or even myelin distribution.
Only a few very preliminary shudics in HIV-] have been performed
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using F*-labeled fluorodeoxyglucose to image and quantitate regional
cerebral metabolism. Regional metabolic asymmetries were reporled in
asymptomalic HIV-T-infected individuals, especially in prefrontal re-
gions, in the absence of MR imaging abnormalities,™ Patients with early
HIV-1-associated cognitive/motor complex have been reported to show
absolute™ or relative hypermetabolism™ in basal ganglia and thalamus,
and perhaps frontal cortical regions." More advanced neurologic dis-
ease has been associated with a more general decrease in cortical and
subcortical metabolism,*" "™ and the decrease is perhaps especially prom-
inent in parietotemporal cortex. ' :

A follow-up study with PET in asymplomatic cases showed no
predictive value of initial metabolic asymmetries, but only seven cases of
change in clinical status were reported." Brunetti and colleagues® re-
ported improvement of focal hypometabolic findings and generally in-
creased glucose metabolic rates in four ADC patients after 2 months of
treatment with zidovudine, =

Although the small number of studies and total patients studied
makes any conclusions very tentative, both SPECT and PET imaging
appear o be more uscful to establish dysfunclion in early HIV-1 brain
infection than MR imaging and CT. The PET and SPECT findings o
strongly support subcortical changes in basal ganglia and perhaps (hala-
mus as the carliest imaging findings in HIV-1 neuarologic disease. The
relative sensitivity of dynamic imaging compared with ather nonimaging
evaluation modalities (CSF, evoked potentials, and neuropsychological
lesting) has vet to be determined. d

Magnetic Resonance Spectroscopy (MRS)

Another imaging techniquee recently used in HIV-1 disease is MRS,
A technique thal measures cither water proton ('H MRS) or phosphorus
31 ("H MRS) resonance in vivo, although other elemonts can be mcas
ured."™ MRS ulilizes an MR imaging scanner with appropriate soltware
to create spectra of larget molecules. In research on FUV-1 disease, 'H
MRS has been used to produce spectra of primarily three molecules
located in circumscribed areas targeted by the MR imaging scanner: N-
acelvlasparlate (NAA), an amino acid found in neuronal coll bodies and
axons, and thus a putative marker of neuronal density; creatine (Cr); and
C'!ti“tw (Cho). NAA/Cr and NAA/Cho ratios prm-it{;: putative measures
of nearonal density in the scanned regions. In the largest published
study™ to date of "H MRS (of only two found), both metabolic ratios
wore significantly reduced in 10 neuropsychologically impaired HIV-|
seropositive subjects compared with four asymptomatic HIV-1 seroposi-
tive and seven seronegative individuals. Four of ten impaired subjects
f-:nc_1 3 of 10 without MR imaging abnormalities) and 0 of 4 asyvmptomatic
subjects had metabolic ratios below the range of the normal controls. In
cantrast, MR imaging showed suleal and ventricular enlargement in only
2 of 10 impaired suljects and 1 of 4 asymplomatic subjects. In another
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study,? cognitively impaired AIDS patients showed reduced metabolic
ratios in areas of the parietal lobe that appeared normal on MR jmag-
ing."™ ’

Using ¥H MRS, Bottomley et al” n—:-lfnrts-d that absolute white matter
phosphate concentrations, but not metabolic ratios, were reduced signif-
icantly in 12 AIDS subjects with mild to moderate HIV-1-associated
cognitive,/ motor complex compared with 29 contrals. Although the in-
vestigators showed that the metabolic differences remained after correc-
tion for atrophy, MR measures of atrophy also differentiated the AIDS
subjects as well as the "H MR5. In contrast, Deicken et al™ reported a
significantly lower phosphate ratio in 17 HIV-1 seropositive men com-
pared with six controls. Further, the phosphate ratio was correlated
negatively with global neuropsychiatric ratings based on neurologic and
neuropsvchological testing; a lower ratio, indicating decreased brain cel-
lulor oxidative metabolism, was associated with higher rating scores
(more severe neurologic disease).

Obviously, the results Tor MRS in HIV-1 disease are very prelimi-
nary, but indicate a pelentially sensitive laboratory procedure for meas-
uring global and localized in vivo cellular loss or dystunction, as woell as
regional metabalic changes,

ELECTROPHYSIOLOGY

Electrophysiologic testing can be separated into a number of cate-
gories. The ongoing electrical activity recorded at the scalp is an clectro-
encephalogram (EEG), which may be evaluated by inspection, as is the
case in routine clinical EEGs, or it may be evaluated by compuler, as in
spectral analysis and topographic mapping. Event related potentials
(ERPs) are averaged time-locked EEG signals in divecl response ho seiy-
sy stimulation, termed sensory evoked polentials (15P7<), or the higher
order processing of an external event, often termed crdoyenons LRPS,
Sensory EPs provide information about the inlegrity of central conduc-
tion pathwavs from receptor, through subcortical relay nucled, to primary
and secondary sensory cortical projection regions, and, in some cases,
the related association cortical areas. Endogenous ERPs provide infor-
mation about neurocognitive processes associated with expectations of
and decisions about the presence of specific events, or the vccurrence of
unexpecled events, For both EPs and ERDs, the time from event onsel to
the peak of specific electrical potential components, termed a conrponent's
latency, is used as a measure of speed of conduction or speed of process-
ing. Normaltive values are established in an appropriate reference popu-
lation and abnormal latency values are defined in lerms of bwo or Lhree
standard deviation points from the mean of Lthe reference group stratified
by age, pender, and sometimes by handedness. Multimodal ERT or EP
studies refer 1o the evaluation of multiple sensory EPs and somelimes
endogenous ERDs within the same study,
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Electroencephalography (EEG)

Climical EEG has been reported to be abnormal in diagnosed cases
of HIV-1 diémertia,'% % ® i 1 B, 20 Abnormal EEGs also have been
found in asymplomalic HIV-1=infected individuals in the absence of
clinical findings * = F 1% % or concurrent with. neurepsychological
abnormalities.™ In well-controlled studies, however, no differences were
found in rate of clinical EEG abnormalities between HIV-1 serapositive
and seronesative cases in the absence of CNS opportunistic infections or
neoplasm. 1% Tinuper and associates® also failed 1o find EEG abnor-
malities in 42 neurologically asymptomatic HIV-1-infected individuals
regardless of symplomatic stage of infection, although 14 patients (33%)
were considered to show a borderline EEG. In contrast, 15 of 28 (53%)
patients with ADC showed an abnormal EEG.

Two studies that used computer-analyzed EEG demonstrated EEG
power spectral abnormalities in neurologically asvmptomatic HIV-1-in-
focted individuals. ' 112 Parisi et al™ reported computer-analyzed EEG
abnormalities in 50 of 185 asymptomatic or lymphadenopathy only HIV-
{=infected individuals. In most cases, the EEG findings occurred in the
absence of neuropsychelogical (16 of 50) and CT abnormalities {12 of 50).
Inclusion of intravenous drug users in the HIV seropositive group ancd
an absence of matched seronegative controls make this study difficult to
interpret regarding specificity of the EEG findings. Parisi and col-
leagues™ also reported, however, that initial EEG abnormalities in 22 of
40 cases were predictive of subsequent development of HIV-1-related
neurologic disease after periods up to 11 months, in contrast to only 2 of
37 without initial EEG abnormalities. Riedel and colleagues™ reported
concurrent neurapsychological and EEG abnormalities in about 20% of
HIV-1 seropositive, but asymptomatic hemophiliacs, which increased to
about 807 in AIDS patients. Increased EEG power was found in both
symptomaltic and asymplomalic HHV-1 seropositive individuals during o
vidoo-tracking lask compared with seronegalive controls™ The Tatter
sludy is noleworthy in recording EEG power spectrum during a de-
manding behavioral task. Neither of the latter two studies, howoever,
found computerized EEG findings 1o be more sensitive than behavionl
testing for detecting abnormalities in HIV-1 disease. In addition, De Falco
and associates' reported that EEG spectral changes were found in about
40% of 20 asymptomatic HIV-1 seropositive individuals, but thise
changes did not predict the occurrence of neurologic symploms over a
period of 6 o 16 manths,

In the fargest EEG study in asymptomatic HIV seroposilive individ-
vals to date, Nuwer and colleagues'™ reported no significant difference
in either clinically or computer-analyzed EEG between HIV seroncgative
{n = 86) and seropositive (n = 114) gay men, They found thal 22% of
the seropositive men (13 of 59) and 26% of the seronegative men (1U uf
39) with no neuropsychological abnormalities showed abnormal or bor-
derline EEGs. The rates were higher in both groups (21 of 47 for seroneg-
ative men and 20 of 55 for seropositive men) when m,-urn].'ls}'cl'mltr;;i-:ﬂl
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abnormalities were found, but the findings were unrelated to serostatus,
Nuwer et al' concluded that the presence of an abnormal or borderline
EEG in asymptomatic HIV disease was not related Lo serostatus.

One very recent study compared PET scan findings with EEG coher-
ence measures in 15 AIDS patients, 9 of whom showed definite clinical
evidence of mild to moderate dementia,”™ There were signilicant corre-
lations between EEG coherence and regional hypermetabolism in thala-
mus and basal ganglia, which were interpreted as supporting the impor-
tance of subcortical brain dysfunction in mikl o moderate AIDS
dementia. The results of this study also suggest that EEG coherence
measures may provide information comparable to that from F'™ fluore-
deoxyglucose PET scans regarding subcortical effects of HIV-T inleclion,
If confirmed, this would be a very significant finding given that the
computerized EEG measure is much less invasive and costly, and much
more readily accessible than PET.

Evoked Patentials (EP)

Bilateral brain stem audilory EI {BAED) lateney dilferences between
components | and ¥V, and Il and V indicated significant increases in
central conduction time in 35 neurologically asvmptomatic HIV-1-in-
fected individuals without CNS opportunistic infections or tumars, com-
pared with 62 normal controls.,"” The 10 seropositive subjects in CDC
stage 1V had the longest conduction delays. Abnormal BAEDPs were
found in about 28% of the CDC group 11 cases and in 70% of the AlDS
group. None of the seropositive cases had a history of alcohol consump-
tion to confound the interpretation of prolonged conduction times. The
results were interpreted as indicating white matter lesions in the upper
Lrain stem audilory pathways between the superior oliviary compley amid
inferior colliculus. Similar abnormal BAEDP findings were reporled in
of TR 3 0f 16, 3 of 15 and 4 of 29™ asymplomalic seroposilive
individuals, and 14 of 65, 6 of 20,7 and 8§ of 17 individuals with ARC
or AIDS. In general, the rate of BAEI" abnormalities is low even in
advanced HIV-1 discase, and this test does not appear useful by itself for
early detection or prognoesis of HIV-1 neurologic disvase.

Cortical components of somaloscnsory EDPs (SEPs) using median
nerve stimulation have been found to be abnormal in 1 of 14,7 3 of 29,
and § of 18% asymplomatic HIV-1 seropositive men; 3 of 41 ARC pa-
tients™: and in 6 of 22" 0 of 16, and 0 of 43" ALDS cases, In the latter
study,™ significant group increases in latency were reported for SEPs
measured at ths: T12 spinous process, which were attributed (0 contral
conduction delays and may have represented a subclinical marker of
myelopathy, Tibial nerve SEI latencies also were found to be abnormal
in 16 of 227 and 8 of 14™ AIDS patients and were interpreted as subelin-
ical signs of myelopathy, Tibial SEPs may provide carly evidence of
myelopathy, but neither tibiale nor median nperve SEP corlical compa-
nents reliably indicale nerve conduction changes in the brain.'™
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Pattern reversal visual EPs (VEPs) were found to be abiormal (a1
of 15, 5 of 15 and 0 of 29" asymplomatic HIV-1 seropositive men:
and in 3 of 17" and 16 of 65™ symptomalic FIIV-1 seropositive individu-
als. VEP as a separate test does not provide a sensitive measure of CNS
abnormalities at any slage of HIV-1 discase.

Event-related Potentials (ERP)

The only endogenous ERP component examined in HIV-1 disease to
date is the P300 component in target detection tasks. The sensitivity of
1*300 latency in detecting HIV-1-related CNS change has been equivocal.
Given the relatively few studies available to date, the small number of
subjects in some studies, and the large number of potential confounding
variables, conflicting or equivocal results are not surprising,

Goodin and colleagues™ reported statistically significant increases in
the latencies of all four components (N1, "2, N2, and P3) of an auditory
target detection task in 35 HIV-1 seroposilive individuals without known
CN5 epportunistic infections or tumors. Seventy-eight percent (7 of 9) of
clinically demented seropositive patients and 28% (13 of 46) of nonde-
mented paticnts had at least one Tatency abnormality among the Tour
ERP components, If only the results for P3 were considered for compari-
son with other studies, the detection frequency of an ERI® abnormality
would be 56" (5 of 93 for demented and 17% (8 of 46) for nondemented
seropositive individuals, with similar findings for N2. The ERP results
were considered Lo be substantially more sensitive in detecting HIV-1-
related CNS abnormalities than concurrently evaluated clinical EEGs (1
of 54 and CT (3 of 4, but all 3 were demoented) or MR imaging scans {5
of 10, and 2 of 5 were demented). One potential drawback ol this study
was he absence of matchoed HIV-T seronegative controls. The control
gromp wans drawn bronnn o dilferent popuelition: thive that Tor PHY-1 seroe
posibive coses,

I the technically most sophisticated study of P3O0 in HIV-1 disease
to dale, Ollo and colleagues'™ reported reduced amplitudes and in-
creased P3O0 latencies in nine symplomatic (7 AIDS, 2 ARC) HIV-I
seropositive individuals in both auditory and visual choice reaction time
tasks compared with a control group of nine subjects matched for age,

education, and reading ability. A group of nine asymptomalic subjects
showed increased 300 latencies compared with normals only in the
visual task, Earlicr ERP components did not show the same paltierm of
findings. In contrast, there were no group differences in neuropsycholog-
ical test performance. It appeared that P300 elicited in the visual task
was more sensitive in detecting prolonged latencies in the asymptomatic
seropositive group than the auditory task. In the auditory lask one of
aine (11%) asymptomatic patients and three of nine (33%) symptomalic
patients had abnormal P300 latencies compared with the controls;
whereas in the visual task, 44% asymplomatic patients and 63% svmp-
tomatic patients were abnormal on P300 latency. This is an importnt
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sludy that needs laastly Bemnzitocdinal Followe=up and an lﬂ.pnmh'd sulbject

g lation. : . .
. Grotemeyer ol al® Tound a P300 latency (bul nol amplitide) abnor-

mality in 32% of 104 newrologically rts:.'mp'tpmnlfr L1I‘l."-l—inlln.'ctw_.i_’ir\lj“p
vidunls. The rate of abnormality inereased with Walter Roed 5L1;:,_e, 205"
of 73 at Walter Reed stages 2 and 3, to 64% il 12: it !-'.m}_*,ur-_‘:' .md. i,
Follow-up over 3 to 16 months indicated improved P300 Iafency in sev 1:|:
cnses lreated with zidovudine, and prolonged latency in seven untrealec
individuals. The source and possible cohort match of the control group
e ven.
“Lnl‘l::l: %rllht:r studies that failed to find increased rates of 300 abr-
malities in HIV-1-infected individuals on initial testing b::mh.'rﬁmrwl_I1I_1_:~
importance of a well-matched cohort of HIV-1 seronegative controls. s
Goodwin et al” examined 206 HIV-1-infected intravenous drug users
and found no difference in latency or amplitude of P300 mmpmvdI1.~.'|ﬂ1
seronegative intravenous drug users, but did find le‘El’ﬂﬂSﬁ_‘d ﬂmplltud!:
and latency in the seropositive group compared with “normal” controls.
MeAllister and colleagues'™ did not find any 3K FII."I:‘I{'H:!‘I‘IE!]IHL‘S. or other
evidence of early CNS involvement, in Y5 symptomatic and ;'IS}-'J_'L'I].‘iiU—
matic FIIV-1 seropositive lusn_m:-iuw;l.l.:l |l1‘|c|| compared with a cohort
ched wroup af 32 seronegalive controls. .
nmull:: :jn}c‘rr:ailf lthu few qu.E-n!:ntmI!ud longitudinal studies, Mi_::'-wnhuunvr
and colleagues™ reported significant 300 lateney im;n.-.n-n-ﬁa in h:jtllj sys-
temically asymptomatic and symptomatic HIV-1 seropositive hl:l_‘f|Ll“I._th|
over periods of 6 manths and 1 year in the absence of Elﬂ'll.?lll'l‘t‘_l'!t L.ll'!ﬂl'.ﬂ_
changes, In contrast, P300 atency al hascline in 43 i'l."‘j,:-'l:n}‘-'lﬂl':'lil'l.lll }nmltwn_lh
and 39 symplomatic subjects was not significantly different humll wat in
29 age-matched normal contrels, and did not differ belween l. w .l.m |
seroposilive groups, Latency of the N20O component {the negative Weave
immediately before P300) also was prn[n::gvd _~'._t}~1|1|hf.1l11[} in lﬂnl_l_1 S0
positive groups, o linding consislent with Candin and uﬂh-.ip:lu:m. !I\Illi.zl.
pretation of longitudinal dala from Messenheimer of al, 'f.l“-“-“ AT,
is problematic beeause the subset ol 1o asymploniilic .1.11:| 13 s .r_nplu-_
matie individuals followed for 3 years had mean _I.1.I|.-u11m~ latencies ol
1300 Jatencies below those of the normals and LI'|;11|‘|-~'-I1"1'T.'|l‘IE}-' lufimlv_!\I'Lus:IL-
af the full popalation of HIV-1 seropositive individuals. |hL'.:1!:.‘1I1I|.tLL'I.IILL'
of this difference and its relationship to the Taleney increases shown 1.:! ]
moenths and 1 vear is nod clear. These investigators concluded that 300
latency abnormality was neilher sensitive nor specilic in the HIV-T sero-
positive population for measurement on a single oCCasion, like 1|1':.1l|'
baseline testing. In contrast, they stated that the latency increase thronugh
lime may be an indicator of subclinical disease progressien. It .llm'-. was
the case in their study, it would be especially significanl as the .‘-uLIl"h!."i ut
seropositive subjects who showed P300 latency Increases over 1 v _n:iul
not show comparable changes in n-:ump_-,-y-:hulnz,;u}ﬂ tosd purfn_rllle_l.l.
The data orn P300 as an early marker for HIV-1 r_wurnlmmu diseasy
have to be considered equivocal at this point. 5_1_-:1.~n.lumhlj. more. e
search is needed before FRP can be considered clinically useful for diag-
nosis, although a more likely role is in monitoring treatment. For diag-
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nostic use, it must be determined whether abnormal ERI lalencies
precede neuropsychological and neurologic findings, and what the false-
negalive rate is in large populations, i
A number of studies have included multiple EP procedures, termed
”mmmmm_m.u EPs. An abnormality on any l:lf:t:{mpl‘t}fﬁinfugicl [l."‘;t and
measure 1s considered an abnormal CNS finding. 1y one study |:I"|llu-|'l'|
VEPs, median nerve SEPs, and BAEPs were evaluated in 18 q}-EtLtr':imIEv
and neurologically asymptomatic HIV-1-infected individuals ‘1.1.rithu|:|l a
]yﬁmr}' ol drug addiction, CNS opportunisticiinfection, or I:E'-'il..|L'IH.'I.' t':l'
liver and kidney dysfunction.™ At least one EP ﬂhnnrmrulitv was found
in 13 of 18 cases, and in 12 of 13, the abnormality was in a :rfeua! or
somatosensory cortical EP component. Only 1 of 13 cases with i.ll."‘;ll"l'l'ﬂ'll
EP findings had abnormal findings on the Wechsler Adult Intelligence
Scale _(WAIH] and none of the five cases with normal EPs had an 1!;111:::-
mal finding on the WAIS. Repeat multimodal EP IL“StiI:Ig after 8 to 12
nm:1t|15_ showed no change in any subject. Similarly Farnarier and col-
leagues™ found at least one abnormality among VEP, SEP .'m:i BAEP
procedures in 6 of 16 asymptomatic, 21 of 42 ARC and 14 of 23 AIDS
individuals without neurologic signs or symptoms. Koralink et :E‘: allso
teported that electrophysiologic testing ( that included EEG and L1-‘1' |;~..]IL
uations) was more sepsitive than neurologic and neuropsycholo *'r;' Al kot
g in delecting CNS deficits, They detected at least one 'ﬂbnurﬁ.‘n ;lm.- in
15 of 27 Eti?‘lﬁda} asymptomatic :-uj'a:;pn:ailiw. individuals |:L1m.1_‘.n.1rud"|.\'illh 3
of 30 f]ﬂ'a’-:? in matched seronegative individuals. If these data on multi-
modality EP testing are confirmed in larger series and if the individuals
with In_h:mrmn]itivﬁ gaon to develop clinically evident I-TI"x*-I~.1-¢5w:intu£1
cognitive and motor complex, use of an electrophysiologic testing battery
that includes compulerized EEG may provide very early -.:Ii:'lgn’aqtlic |_:::!r
u.‘fm for HIV-1 neurologic disease. Nuwer and colleaguies'™ have crili-
cized the study by Koralink et al on methodologic and statistical
Ju,l'ul,lnl.i-_-.._dlul ave reporeted data G show thatl EEG is neither s Tlt'l.'i’llr.l, mlr
as sensitive as neuropsychological testing in detecling ‘ruhlliw* IH".-'t
associated CNS abnormalitios in asymptomalic HIV ;Iisvil.ﬁlv.’

CEREBROSPINAL FLUID (CSF) ANALYSES

; _ILBF is a direct extension of the extracellular space of the cells com-
prising the central nervous system (CNS).™ Solutes, such as G and
;fbumm. tound in the extracellular space of the CNS sink into tlllju: {:,'SI-‘
tht -:x[?m!r:f‘rhlnn f‘rf C5F constituents can be reflective of the content of

extracellular space of the CNS.™ The volume of CSF in the average
ﬂ.Lluit is aboul 150 l_nl_.r and this volume of fluid turns over aboul tl:r?:»u
Hmﬁﬁc]]:ﬁ”z::: Cn;}l\::]ﬁl:he CST a very dynamic indivlzalnr of extracellular
T SR 2 .e-tb is an elfective and E:ifilb!lsl"!l_‘d diagnostic tool
.L a5 a measuremenl for monitoring treatment in most infectious

and several immune pathologies of the CNS."
Prior to a lumbar puncture to obtain CSF, an MR image or CT scan
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<hould be conducted in patients with neurologic symptoms o rule ot
mass lesions wilth the potential Lo cause hoermiation. Further, because
many HIV-infected individuals develop thrﬂmb:!c}*lnpuni.‘l and other
-::qui'n:,:r disorders, the patienl’s coagulalion slitus should be reviewed
prior to a lumbar punclure.

Routine CSE studies include cell counts, total protein or albumin
levels, glucose levels, VORL and the appropriate cultures and serologies
to identify opportunistic infections, and for cytalogy 1o identify malig-
nancy. There are a host of additional analyses that have been performed
an CSF that yield information aboul immunce activation and viral pros-
ence and quantity in order to follow the progression of HIV-1 discase.

At or aboul the lime of primary infection, the majority of HIV-1
atients show evidence of HIV-1 penetration of the brain, In their large
screening study of HIV-1 infection in the military, Marshall and col-
leagues'” reported that 60% uf the asymptomatic immunologically intact
HIV-1-infected individuals demonstrated at feast one CSF abnormality
within 1 year, and more than 25%, of these had three or four CSE abinor-
malities. Significant CSIF abnormalities in asymplomalic HIV-1 seroposi-
tive individuals also have been reported in many other studies!™ ™ s
30 The most commenly noted CSF abnormalities and their putative
neurologic disease are reviewed in this seclion. A

relationship to HIV-1
more detailed review of the CSF in HIV-1 is pn.'.wniud clsewhere,”

FI

Cytology

A tofal Teukocyte (WBC) count of more than 5 cells per cubic milli-
mieter is abnormal and has been found in 18% to 32% of asymplomatic
FIIV-1 seropositive individuals™ 0 Pleocytosis also may be present
inan aseptic meningitis semelimes associated with primary infection.™
In most HIV=1=infected individoals without UNS opportunistic infee
bions or tumeors, the WBC count is below 75 cells per cubic millimeter
and is primarily lymphocytic.'” Neither the (requency of hinding an
abnormal leukoeyte count nor the absolute count, however, appears to
be related to the severity of HIV-1 systematic or neurologic disease """
Normal counts have been reported in patients with AIDS dementia con
LR ity epvplococeal meningitis'" and neurosy philis.
antly elevated counts is probably indicative of 4
and should lead 1o a detailed seare for Hhw

-
prhex,™ £z
The presence of significantls
CNS opportunistic infection
common CNB infeclions.
Although most studies report a predominance of small lymphocyles
in HILV-1 CSF, monacytes, macrophages, plasma colls, and abvpical lym-
phocytes alse have been found. The presence of polymaorphonuclear
leukoeytes in CSE of AIDS patients usually indicates a secondary infee-
tion, such as cytomegalovirus.™ Flow cytometric quantitation of cell phe-
notypes in CSF suggests that the percentages of CDS, CD4, and other
cells are highly correlated with those in peripheral Lo 5 T addition,
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the proportion of CD4* lymphocytes showed a significant decrease in
HIV-1 patients with dementia compared with those patients who were
asymptomalie, which parallels the findings in peripheral blood, '™

Total Protein, or Albumin

Elevated levels of CSF total protein have been reported in all stages
of HIV-1 disease compared with controls."” McArthur et al,'” however
reported  significant elevations in demented compared with nonde-
mented HIY-1 seropositive_individuals, but no relationship to HIV-1
disease duration in the absence of dementia. An elevated CSF tolal pro-
tein reflects an increase in the leakage of albumin from blood across the
endothelial tight junctions.

Albumin is synthesized only in the liver, Normal albumin concentra-
tion in the C5F is determined by concentration in the blood '™ *"* and by
the natural leakiness of endothelial capillary tight junctions primarily
located in the choroid plexus.” CSF albumin concentration is, thus, a
useful index of intactness or leakage of the tight endothelial junctions to
midsize prolein molecules such as albumin and IgG."™ Measures of leak-
ape across the blood=brain barrier (BEB) are provided by the albumin
mql.'lr_-:c:‘: and by a formula that calculates the trans-BBB albumin leakage
rate,

. If'h'fl'.':'ln CS5F albumin levels in HIV-1-infected persons do not differ
significantly from controls.” ™ The trans-BBB albumin leakage rate,
however, was found abnormal (> 86 myg per day) in 25% of seropositive
HIV-1 asymptomatic patients and 44" of AIDS patients®™ There were
statistically significant differences in albumin leakage rate between HIV-
L seropasitive patients with and without neureclogic disease, ™ The albu-
min index was found to be significantly elevated in HIV-1 seroposilive
Ill‘h.i_t::ldudls with dementia compared with those patients withoul demen-
in.!

Glucose

L‘SIT_};l!JCU_MJ concentrations generally have been found to be within
normal limits in HIV-1 disease™ ™ " % A low CSF glucose concentra-
tion suggests the presence of opportunistic infections or tumors.

Humoral Immunoclogic Markers

- Two markers of humoral immunity have been reported extensively
in the HIV-1 literature. These are indices that quantitate the amount of
IpG synthesized in the brain, intrathecal IgG synthesis rate for either
tolal or antigen specific 1gG, and oligoclonal 1gG bands. Both are avail-
able through commuorcial laboratories. G
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IgG is synthesized by only one cell type in the bady, namely, the
plasma cell.'™ In health, there are na plasma cells in the Lrain.™ Normal
112G concentration in the CSE s determined by the concentration in the
bload™ 7 and by the natural permeability of endothelial capillary tight
junctions primarily located in the choroid plexus When infection eccurs
in the brain, B lymphoeyles are eeeruited into the CNS and mature there
to plasma cells, The newly recruited plasma cells synthesize 1gG. An
abnormally elevated 1gG concentration in the CSF also can be the result
of an elevated blood 1¢G concentration in conjunction with breaks in the
BBBE endothelial tight junctions. If a correction of CSF G concentration
for high serum 1gG concentration and leakage of Igl across the BED
vields an excess of CSF 1gG, then there exists intrathecal Il synthesis™"
Accordingly, intrathecal IgG synthesis calculations provide a measure of
the presence and quantity of plasma cells secreting 158G inside the BBE,
L., evidence of inflaimmation in the CNS, In HIV-1-infected individuals,
the exact site(s) of this inflammation is unknown,

Several formulas to caleulate intratheeal IgG synthesis rate are e
ported in the HIV-1 literature: (1) the IgG index, ™ (2) the Tourtellotte
intrathecal lgG synthesis rate formula, ™ (3) Igl {loc),”™" and (4} intrathe-
cal IgG synthesis.™ ' The first three calculations are used must com-
monly in elinical CSF immunology laborateries. Although there is contin-
uing controversy regarding which formula is most valid and least
affected by BBB damage,"™ ™ ' the values from all four formulas are
significantly highly correlated* *" The results of studies of abnormal
intrathecal IpG synthesis are presented as if all formulas gave compara-
ble results.  ~

Intrathecal 1gG synthesis in HIV-1 patients was first reported in ARC
and AIDS patients™ and later also in asymplomatic patients,” ™ ™5
FIL T R 122, 138, 93T IR 3030 22 Ty g djtion, (he appearance of antibodies
in CSF may precede their detection in blood.™ ™ ™" Intrathecal 1t
synlhesis has been o] ter inerease duisgy te asy mplomalic aoml carly
symptomatic stages of HIV-1 disease, but may decrease in the very lale
slages of infection” = The latter implies a failure of the jmmone
system, rather than clearanee of infection.

Studies using Tourtellotie’s intrathecal 1gG synthesis rate formula
found evidence of intrathecal [pG synthesis i 22% 1o 88% of HIV-1-
infocted individuals,” * 1% 5% 07 108 19030 Thope do ol appear o be
significant differences in the frequency of occurrence of intrathecal 1gG
synthesis between HIV-1=infected individuals with and without nevro-
logic manifestalions.™ * In one study the mean It synthesis rate was
found to be signilicantly higher in those with HIV-related neurologic
dysfunclion compared with those with no disease In another study,
patients with HIV-1-associated dementia and mean CD4 counts less than
200 did not show signiticant differences in intrathecal Iyt synthoesis from
HIV-1 seropositive individuals without dementin.'™

An elevated IgG index has been found in 35% to S0% of HIV-
infected individuals in all clinical stages,” 32371200 S i 2037 Shnnens
berg, and colleagues™ reported a strong relationship between the recov-
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ery of HIV-1 from CSF and intrathecal IgG synthesis, suggesting that
persistent HIV-1 antigenic stimulation may be an important factor in the
penesis of intrathecal 1gG synthesis. An inverse relationship also has
been reported between the level of intrathecal synthesis of anti-HIV-]
IzG and peripheral blood CD4* counts.™ g ]

" Studies that used other methods to detect intrathecal IgG synthesis

have shown similar results to those for the IgG index and Tourtellotte
EL]LIﬂ.tiUrI-:' 1%, 55, s, |22 180, 225 T "
CSF oligoclonal 1gG band detection is a very different way to detect
intrathecal IgG synthesis, CSF IgG oligoclonal bands are clonally re-
stricted [G bands. The most reliable and sensitive technique to detect
bands is isoelectric focusing (IEF) electrophoresis followed by immune
fixation of heavy chain 1gG antibodies and silver staining.™ Other tech-
niques for detecting IgG bands have been used in HIV-1 studies, but
these generally are not as sensitive. A unique IgG band found in CSF
and not in serum, or an IgG band more intense in CSF than in serum are
both considered abnormal™ *™ The number of bands delected is tech-
nigque speeific, bul within a given study, number of bands can prov ide o
quantitative estimate of intrathecal IgG synthesis. :

The presence of oligoclonal bands in CSF has been reported in all
stages of HIV-1 infection, regardless of the presence or absence of neu-
rﬁlﬂgif diﬁﬁ'ﬂ EE..“. 4, 38,07, A2 AT, e, Ph, R0 R 120, B2 IEZ KL T In lhEir fﬂ!n?ﬂ]‘j:ﬁ-[‘.‘]'l Uf
CSF results with clinical disease status, Goswami et al™ found no rela-
tionship between the presence of any antigen-specific oligoclonal band
and systemic or neurologic disease status.”™

Ii summary, intrathecal IgG synthesis begins shortly after infection
and persists throughout all stages of HIV-1 disease, although levels may
decrease in late AlDS. The presence of intrathecal IgG synthesis does not
imply elinical neurologic disease because the frequency of intrathecal
InG synthesis is similar for both neurologically asymptomatic and symp-
tomatic [HV=1 seropositive individuals, noaddition, the very high Tre-
quency of occurrence of intrathecal TG svothesis at all stages ks ils
usefulness as a prediclor of Tuture neurologic discase. s usctulness lor
monitoring treatment efficacy awaits further study. .

To date, most studies have measured total intrathecal 1gG synthesis
and have not accounted for its component antibody profile. HIV-1-spe-
cific synthesis appears to account for only about 10% of total intrathecal
G synthesis,™ but this percentage contribution may increase during
the course of HIV-1 neurologic discase.™

Less is known about the CNS inflammatory response to other polen-
tial antigens and its contribution to total intrathecal IgG synthesis, For
example, cytomegalovirus (CMV) and HIV-1 can co-infect brain cells."
Part of the total intrathecal [gG synthesis in AIDS is specific for CMV,
herpes zoster (HZV), and herpes simplex (HSV)."™* Antibodies to these
ather viral agents can be found primarily in ARC and AIDS patients;
although intrathecal antibody synthesis overall has been found ta decline
again in very late disease,' as might be expected by an increasingly
compromised immune system. It is not clear whether the presence of
these other antibodies is related to active co-infection, or to polyelonal
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B-cell stimulation.™ Additionally, the role of syphilis as a co-factor or as
a solitary infection needs clarification.”

HIV-1 Detection and Isolation

HIV-1 isolation from CSF is possible in all clinical stages of infec-
tiop, % M 3% M St s 2 35 1 s possible to isolate HIV-1 from the CSF at
the time of seroconversion™ and during the aseptic meningitis associated
with the HIV-T seroconversion.™ There is controversy, however, regard-
ing both the maximum rate of recovery and which stage shows the
highest rate of recovery, Low rates of recovery from C5F penerally are
reported in asymptomatic and immunologically normal patients ™ 2% A
high frequency of 75% Lo 80" in early svinptomatic patients™ ™ and a
lower rate in AIDS patients'™ has been reported, There are also studices
reparting no correlation between the frequency of HIV-1 isplation in CSF
and clinical stage of systemic infection™ ™ """ No correlation has been
reported between clinical neurologic statlus and the frequency of HIV-|
isolation X & 19, 152 24

The prabability of detecting free virus compared with virus in cells
seems o increase with the progression of the disvase. In the carlier stages
of infection, free viruses are generally infrequently present in CSF, but
virus can be isolated readily from cells. In the later stages of HIV-|
infection, free virus can be isolated readily in CSFE™

HIV-1 p24 antigen is a protein from a viral core, and 1s considered a
reliable serum |11:|ri'c-r of active viral replication and systemic discase
progression in HIV-1 seropositive patients.™ """ '*' Testing for p24 antigen
is available through commercial laboratories. When matched samples of
serum and CSF Trom the same FIIV-T=infected pationts are stodied, it is
possible to find HIV-1 antigen only i seram or only in G55, or pesitive
in both samples at the samwe time,™ so that there is no strick correlation
between CSF and serim fevels of p24 antigen.™ V-1 p24 antigon is
rarely found in the CSF of neurologically normal and asymptomatic HIV-
F=infected individuals,”™ " but it can be detected readily in symplomalic
slages of HIV-T infeclion.™ ™ Detection of HIV-1 p2Z4 antigen is corre-
lated with neurologic status™ " and p24 antigen levels increase signifi-
cantly in moderate to severe FHV-T=related nevarologic disease,™ Becase
the presence of p24 antigen is only occasionally detectable boefore neuro-
logic deterioration, however, it is not a predictive marker for UNS in-
volvement.'" CSF TIV-1 p2d antigen levels have been reported to des
crease following antiviral treatment, and, thus, could serve as a marker
for treatment efficacy in reducing FHV-1 viras in CSEY The decrease in
pad antigen, however, is not necessarily associated with clinical improsvae-
ment.*

The uscefulness of p24 antigen lovels has been limited by the Tt thal
much of the p24 is complexed with anti-p24 antibody and, thus, not
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accessible by standard assays. A new assay for acid-dissociated p24 an-
tigen may resolve this problem, '

The polymerase chain reaction (PCR) permits ultra-sensitive detec-
tion of viral RNA or DNA directly.™ ™ =l 7 17 MR 200 PCR has been
proposed as potentially the most sensitive and specific method, not only
to detect the prosence of the virus, but also to quantitate viral load for
HIV-1 and other viruses,'"™ When compared with culturing and antigen
assays, PCR is independent of masking by antibody neutralization and
has a much higher sensilivily,

Recent papers have supporled strongly the use of PCR to measure
viral load in blood.™ "™ " . 227 The level of HIV-1 infection in blood
CD4! cells is highly varied, but related to disease state, with the highest
levels of infection found in subjects with more advanced HIV-1 disease
e s v Michael and colleagues'™ also showed a correlation between
Plood levels of HIV-1 provirus and RNA on the one hand, and T11V-1
disease state on the other. These data indicate that, in the later stages of
HIV-1 infection, the relative viral load increases substantially and may
be the basis for the rapid decline of CD4' cells seen in these patients,™

There have been only a few studies of I'CR in C5F to date. Shaunak
and colleagues" reported the presence of FIV-1 in C5F of 20 of 31 (64™)
seropositive patients; 21 of 28 positive C5F PCR cases received a neuro-
logic examination and were reported to be neurologically abnormal. The
neurologically abnormal group, however, was composed of 10 patients
with Crypfococeus méofornians meningitis, 2 with active CNS toxaplasmo-
sis, and 1 with a CNS lymphoma. Twelve of the thirteen (92%) patients
with Cryplococcus, toxoplasmosis, or lvmphoma were found to be PCR
positive for HIV. Sténnerberg and colleagues™ performed PCR on 28
seropositive patients, 24 of whom showed no neurologic signs, and re-
ported a PCR detection rate of 86% in the CSF.

In the only published paper dealing with viral load in CSF, Steuler
wl .IF"'”J’L"PPII’IU‘{' Lhvaat LIV provieal DNA was dedected at o medion value
of 1 copy per 300 CSF cells (or 3.33/1000 cells) with a range from 1 per
200 (30/1000) 1o 1 per 2400 (0A42/1000) in 13 seropositive patienls at
varying stages of HIV-1 infection. The proviral load in CSF cells did not
correlate with CDC disease stage. Their results provide some evidence
that the level of HIV-1 provirus in the CSF cells may be higher per cell
than that reported in peripheral blood. Seven of their thirteen patients,
however, had a TNS opportunistic infection, and, thus, the results may
not apply to HIV-1 CNS infection alone,

In a recent study, Schmid et al'™ used PCR to detect HIV-1 in 93
seropositive subjects without CNS opportunistic infections, lumors, or
neurasy philis; 67 of these had at least one C5F examination, HIV-1 pro-
virus was detected in blood in 87 of 93 patients (94%) and in CSF in 63
of 67 patients (90%). There were no significant differences in detection
rate in asymplomatic patients compared with those with ARC and AIDS,
nor those with or without HIV-1-related neurologic disease. Vira! load
in blood was related significantly to disease stage. The median viral load
in blood was (.1 copics per 1000 CD4 ! cells in seropositive asymptomatic
patients, L4 in ARC, and 10.7 in AIDS (P = 0.0281). The viral load in

seropositive patients w
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as significantly greater in CSF than in blood;
median 25 in CSF compared with 06 copies per [ (1M LI'I:H' cl.'il_:: in hlnfui
(P = 0.0001), CSF viral load was greater in seropusitive patients wilh
than in those without HIV-1-related neurologic disease; median 43.5
compared with 17.6 copics per 1000 CD4 cells (P = 100614), respec-

tively.

Cytokines

Cytokines are soluble peplide mediators synthesized and F-l."l:rl"h_:‘l.'[
by activated immune cells (e.g., macrophages, lvmphocytes, microglia,
and monocytes) and, in some instances, by glial culls (astrocytes) and
endothelial cells. Cytokines acl on other cells of the immune and nervous
systems to up- or down-regulate their functions." Cytokines may have
multiple, overlapping actions and some cytokines (¢, interleukinel and
tumor necrosis factor) have been found within neurons, implying that
they also may function as neuromodulators.

" The invasion of the CNS by HIV-1 causes immune activation and
both proliferation and recruitment of immune cells in the f“:ﬁ. which is
accompanied by a rise in eytokine levels in brain and C5F. In some
instances, elevated levels of eytokines have been implicated in the pathe-
physiology of HIV-1-induced CNS disease. Cytokines that have been
reported to be elevated in the CSF and brains of HIV-1-infected indi-
viduals include gamma interferon, tumor necrosis factor alpha
(TNF-u), interleukin-1 (IL-1), interleukin-6 (IL-6), and transforming,
growth factor-. . =

Gamma interferon is produced by activated macrophages and 1
cells. In the brain, it induces class 1 and 1l major histocompatibility
complex (MHC) antigen expression and is implicated in experimental
autoimmune demyvelination. Gamma interferon also induces the enzyme
2 -indoleamine diosveonase, which aclivales the kynuorenine putlln-.u}-_
of tryptophan metabolism, and is thereby implicated in the elevation ol
the neurotoxin quinelinic acid in HIV-1 CSE Elevated levels of gamma
interferon have been reported in CSF of HIV-1-infected _|m1wulu:-1:;, bl
have not been associated specifically with primary HIV-T-related new-
rologic disease.™ _ 1

TNF-a is synthesized by monoeyles, macrophapes, microglia, endu-
thelial colls, and astrocyles. TNF- also has been found in cell bodies of
hypothalamic and brain stem neurons. Within the CNS, TNE-u facilitates
the expression of class 11 (la) MHC molecules; incroases the _|‘I'L'I'-31Ik'll_l1l1
of 1L-6 and ACTH; and decreases the production of prolactin, thyroid-
stimulating hormone, and growth hormone.'" TNF-w has been implicated
in the pathogenesis of astroeyte proliferation and autoimmune demyelin:
ation, both of which commonly are found in the brains of AILS patients.
TNF-a also up-regulates V-1 replication. Elevated levels of TNFin the
CSE of adults with HIV-1-associated cognitive/motar I._'l::l|1‘I|'I|l"\ ]HI-'I.'E'
been reporled,” but the relationship was not specific to primary HIV-1
neurclogic disease. Elevated C5F TNE levels were associated with TNS
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infectious processes in general.™ Gallo et al,™ however, failed to confirm
the presence of TNF in HIV-1 CSFE.

Interleukin-6 (IL-6) and IL-1 have been detecled In CSF of HIV-1
patients."” 1L-6 is secreted by monocytes, macrophages, endothelial cells,
and T cells. It induces the production of acute-phase proteins, induces
teeminal differentiation of B cells into immunoglobulin producing cells,
and co-stimulates the proliferation of T cellse The induction of B-cell
differentiation promotes astrocyle growth (in conjunction with TNF).
Although the cellular source of IL-6 detected in C5F is unknown, the
signilicant association of IL-6 with intrathecal IgG synthesis™ suggests
that the presence of [L-6 in CSF in HIV-1 infection may contribute to the
production of anti-HIV-1 antibadies and IgG synthesis. Gallo and col-
leagues™ hypothesized that the correlation between the presence of sol-
uble interleukin=2 receplor (s1L-2R) and IL-6 in HIV-1 seropositive pa-
tients might point to the intracerebral activation of some T-cell subsets
invading Lhe CNS.

IL-1 increases the production of other cytokines (e.g., [L-6 and TNF);
induces fever; and induces proliferation of T cells, astrocytes, and endo-
thelial cells. It also induces the ability of endothelial cells to bind T cells
(i, enhances inllammation), Blevaled levels of CSF IL-1 have been
reported in HIV-1 patients both with and without neurologic complica-
tions™

Findings of elevated levels of sIL-2R and macrophage colony stimu-
lating factor also were reported in the C5F of HIV-1 patients™ " There
were no signilicant correlations, however, between the elevated levels
and intrathecal IgG synthesis or clinical status.

In summary, elevated levels of several cytokines have been reported
in the serum, CSF, and brains of HIV-1-infected persons. These cytokines
may play an important role in the pathogenesis of HIV-1 neurologic
discase. As yet, no quantitative relationship has been established be-
tween levels of Calf evtokines and clinical nenrologic discase, and mcas-
urement of C5F eytokines remains a research tool,

Neopterin and Beta-2-Microglobulin

Beta-2-microglobulin (B2m) is a peplide constituent of class | MHC
structures on the surface of nucleated cells. Elevated levels of A2m are
considered to reflect an activation of the cellular immune system or an
increased cell membrane turnover.” Neoplerin is a pleridine compound
derived from guanosine triphosphate. It is produced by macrophages
alter stimulation with gamma interferon during activation of the cell-
mediated immune response ' B2m and neopterin are used as markers
of immune activation, Neopterin levels in serum and CSF tend to parallel
one another as do B2m lovels 't

Elevaled levels of B2Zm and neopterin in blood have been found 1o
correlate with clinical stage of HIV-1 infection™™ ™ and CD4 counts.'™
The prognostic value of increased serum 2m levels in predicting pro-
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gression of systemic HIIV-1 discase is vl L!:srllnh'lﬂl:a.l._" LA T add -
tion, recent studies have demonstrated  that neoplerin and B2m can
predict the future rate of decrease in C4° T cells for at least 2 or 3
yoers,
T Flevated lovels of CSE neopterin have been associated with more
advanced systemic disease™ ™ " and with the severity of HHV-1-
related neurologic disease,'™ ™ * CSF neoplerin levels were reported Lo
decrease in conjunction with clinical improvement lollowing zidovudine
treatment.” CSIF neoplerin also is elevaled ina wide variety of infectious
neurologic diseases and in CNS opportunistic infections associated with
HIV-1."% ™

Both serum and CSF B2m were reported Lo be clevated significantly
in HIV-1 seropositive individuals with HIV-1-associated dementia com-
pared with those without dementia™ '™ Further, there was strong evi-
dence for intrathecal B2m svnthesis, A cut-off of 38 mga/1 for OSF 32m
vielded a positive predictive value tor HIV-1 dementia of 88% with a
sensitivity of 44% and specificily of 90% compared with nendemented
HIV-1 seropositive individuals."™

Al presenl, both CSF B2m and neopterin are candidate predictors
for the presence and perhaps severity of HIV-T-related neurologic dis-
pase. Both can be obtained from commercial laboratorivs. Bolh are, how-
ever, nonspecific markers and are only useful in conjunction with other
procedures that rule out other CNS pathogens. ) o

Myelin basic protein and anti-myelin basic protein antibodies also
have been detected in HIV-1 CSE.'™ ' Although myclin basic protein
was not found in the CSF of asymptomatic HIV-1 seroposilive individue
als,™ increased levels of CSF anti-myelin basic protein were detected in
HIV-1 patients with severe dementia.'™ Myelin basic protein assays are
commuercially available,

Excitotoxic Metaboliles

Quinulinic acid (QUINY is an “exciletoxic” melabelite and an agonist
of Nemethyl p-aspartale (NMDA) excitatory amine acid receplors™
The related metabolite, kynurenic acid (KYNA), is an antagomst of
NMDA The increased concentration of the excitotoxin QUIN in brain
andd Blood Tollowing immune stimulation is well docomented in experi-
mental animals” In large concentrations, QUIN is a convulsant aid @
neurotoxin.™ lncreases in KYNA may reduce the neurotosic eflects o
QUIN, whereas decreases in KYNA could enhance excitotoxic effects
Human macrophages (and other cells) can convert t-tryptophan Lo
QU

QUIN levels were found lo be elevated significantly in HIV-1-in-
fected individuals, with the highesl values present in those wilh masder-
alo to severe HIV-1=related newrologic disease™ ™" 7" Inadsdition,
significant correlations have been reported between increased CSFQUIN
levels and the degree of neuropsyehologic impairment in HIV- ] infected
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individuals.™ Although the increases in CSF and bloed QUIN concentra-
tions are not specific to HIV-1 infection,” the relationship betwoeen the
CSF QUIN elevations and the neurologic complications of HIV-1 raise
the possibility thal QUIN might be acting as a conlributory [actor in the
pathogenesis of HIV-1-related cognitive/ motor complex. It also has been
shown, however, that markedly increased concentrations of QUIN also
may occur in the CSF of HIV-1 patients witly opportunistic infections,
neoplasm, and aseptic meningitis.™ The latter finding may limit the use-
fulness of QUIN as a marker for HIV-1 primary neurologic disease to
those cases in which other infections can be ruled out. Al this time, the
measurement of QUIN is a complex process that only can be performed
in a few research centers,

SUMMARY

Laboratory lests can provide useful information about the presence
and cffects of HIV-1 in the CNS, but have thus far not viclded definitive
diagnostic or prognostic markers of HIV-1=related cognitive and mator
complex. The mest clinically useful Taboratory procedures are MR imag-
ing and C5F examinations. The routine clinical use of ME imaging and
CS5F examinations, however, is still restricted to providing information
for detecting and excluding secondary effects of HIV-1 infection. MR
imaging and CT do not appear to be sensitive enough at current resolu-
tions to provide early delection of HIV-1 CNS effects nor to follow
disease progression. Several CSF variables are extremely promising as
carly markers of primary HIV-1 infection of the brain, and may provide
preclinical indications for onset of treatment and for evaluation of treat-
ment efficacy. These include CSF quinolinic acid levels, acid dissociated
P24 antigen levels, neopterin or B2m, intrathecal [gG synthesis rate, and
passibly quantitated PCR levels of HIV-1 viral load. Procedures such as
nuclear magnetic resonance spectroscopy, SPECT, PET, compulerized
EEG, EP, and ERDPs are all promising candidates for early delection or
localization of HIV-1-related brain dysiunction, but at this ime all must
still be considered primarily research tools. Before any of these proce-
dures can provide reliable diagnostic and prognostic information about
primary HIV-1 neurologic disease, currently on-going longitudinal eval-
uations of large numbers of asymptomatic HIV-1-infected individuals as
they progress to neurologically symptomatic disease must be completed.

There is currently no laboratory marker in blood or CSF that defini-
tively predicts the risk for HIV-1-associated cognitive/motor complex.
HIV-1-associaled cognitive/motar complex remains a clinical diagnosis,
which is made on the basis of positive neurologic signs and symptoms
and abnormal neuropsychological findings after other causes of neuro-
logic disease are excluded, Laboratory measures, such as the electrophys-
ilogic methods and some CSE variables, are likely to remain adjuncts to
the diagnosis because, with fow exceptions, they pravide data that are
nonspecific as to ctiopathogenesis. Dynamic imaging, electrophysiologic
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methods, and CSF indices provide presumptive evidence for the pres-
cnce of HIV-1-associated CNS damage, and with clinical and neuropsy-
chological evidence, could be used lo establish a new definition of pri-
mary HIV-1-associated CNS discase along the lines used in establishing
a diagnosis of multiple sclerosis.™

The use of the other laboratory procedures, parlicularly CSF moeas-
ures of viral load, immune activation and neuronal toxins,™ and func-
tional imaging, are providing valuable insights into potential etiologic
mechanisms for HIV-1-associated cognitive /metor comples, We alse
expect, however, that one or mare of the procedures reviewed in this
article will become diagnostic and prognostic markers that will help to
provide objective measures of treatment efficacy in the nest few years,
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