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Lipid and Acute-Phase Protein Alterationsin HIV-1 Infected Patientsin the Early
Stages of Infection: Correlation with CD," Lymphocytes
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Lipid and acute-phasepr otein alter ationshavebeen described in variousinfection diseases, and
they have been recorded during the early stagesof HIV infection. Lipid and acute-phase protein
profilesalso have been correlated with cellular immunological abnormalities. Todocument these
correationsduringHIV infection, westudied 75HIV-infected patientsand 26 HI V-negativecontrols.
Patientswereclassfied accordingtothecriteriaproposed by theWalter Reed Army Ingitute: asWR-
1(CD,lymphocytes, 1154 +268/mm?), WR-2 (CD,, 793+ 348/mm?) and WR3/4 (CD,, 287£75 mm?).
Triglycerides, total cholesterol and HDL -cholester ol concentr ationswer emeasur ed by enzymatic
methods. |mmunoglobulins(lgA and 1gG) and acute-phasepr oteins(haptoglobin, a,-acid glycoprotein,
C-reactiveprotein and transferrin) wer edeter mined by immunonephe ometry. Haptoglobin levels
weresignificantly increased in HIV-positive patientsand cor r elated with the progression of HIV-
infection (contr ol<kWR1<WR2<WR3/4). WR-2 and WR-3/4 patientshad lower total cholesteral,
HDL -cholesterol, and albumin concentr ations, however, a,-acid glycoprotein and IgA levelswere
higher, when compared toHIV-negativecontrols. Elevated triglyceridelevels(1.51+0.75mmol/L )
wer efound only in WR3/4 patients, when compar ed tothecontr ol individuals(1.05£0.04mmoal/L). No
differenceswerefoundintrangferrin and C-r eactivepr otein concentr ationsamong thestudied groups
CD,'lymphocytecountswer einver sely correlated with triglycerides, IgA, a,-acid glycoproteinand
haptoglobin, and they wer epositively corr elated with albumin, total cholester ol and HDL -cholesterol.
Multiplelinear regression analysisshowed that increased haptoglobin and 1 gA levelswer ethebest
predictivevariablesof adecreasng CD," lymphocytecount. In conclusion, our datashowed that: 1) a
decrease in total cholesterol, HDL-cholesterol and albumin levels occurred earlier than
hypertriglyceridemiain the course of HIV infection; 2) increased levels of haptoglobin occurred
earlier thanthat of a -acid glycoprotein and I gA; 3) haptoglobin and | gA wer ethebest predictive
variablesof adecreasng CD," lymphocytecount. Decr easesin HDL -cholester ol and albumin levels
with increasesin haptoglobin, a,-acid glycoprotein, IgA, and triglycerideslevelsar eindicationsof
diseaseprogressonin HIV-infected patients.
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Infection inducesan acute phaseresponsewhichis
marked by changesin the plasmaconcentrationsof a
number of proteins. Lipid and protein abnormalities
havebeen describedintheearly stagesof HIV infection
and become more evident with the disease’s
progression[1, 2]. Lipid dterationsmay be associated
to the host’sresponsetoinfection mediated by various
cytokines[3]. A large number of cytokinesincluding
TNF, interleukines, and theinterferon’ sincrease serum
triglyceridelevelsand decrease HDL -cholesteral [4].
Interferon-aphaisknownto bedevatedin AIDSand
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HIV -positiveindividualsand has been shownto be
positively correlated with plasma triglyceride
concentrations|5, 6].

The acute-phase response to infection is also
characterized by anincreasein proteinturnover plusan
increased lossof protein[2]. Leukocyte proliferation
and the synthesisof cytokines, immunoglobulins, and
positive acute-phase proteins contribute to protein
turnover [ 7]. Reportsof increased protein turnover in
humanswith symptom-free Acquired Immunodeficiency
Syndrome suggest that theinfection by thevirus, inthe
absence of clinical signs and symptoms, can induce
changesin proteinmetabolism[2].

Toevduaetheeffect that Human Immunodeficiency
Virusinfection and theprogression of AIDShaveon
lipids and acute-phase proteins, we measured the
plasma concentrations of total cholesterol, LDL-
cholesteral, triglycerides, immunoglobulins (IgG and
IgA), and positive- (C-reactive protein, a,-acid
glycoprotein and haptogl obin) and negative- (albumin
and transferrin) acute phase proteinsin patientswith
HIV infectionwithout secondary inflammatory acute
disease, and then determined their relationwith CD,*
and CD," lymphocyte counts as cellular immune
markers.

Materialsand M ethods

Patients

Seventy-five HIV-seropositive outpatients, that
attended at the Nereu RamosHospital and STD/AIDS
Department of Health Center |1 (Floriandpolis, Santa
Catarina, Brasil) congtituted the study group. Patients
were classified according to the Walter Reed Army
Ingtitute system that isbased onclinical criteriasuchas
chronic lymphadenopathy and presence of other
opportunisticinfectionsand immunemarkerssuch as
the CD,* count (lymphocytessmm?®) and delayed
hypersensivity [8, 9]. Thecharacterigticsof the patients
aregiveninTable 1. Only patientsclassified into the
WR 3/4 group showed asignificant weight losswhen
compared to the others. Blood sampleswere obtained
fromall patientsbeforethey engagedinantivira therapy.
Twenty-six randomly selected age-matched blood

donorsfromthe Blood Bank of the Federal University
of SantaCatarina sHospita (Floriandpoalis, SC, Brazil)
served asacontrol group. Theseindividual s showed
no serologica evidencefor HIV and/or HCV-infection,
and no abnormd Iaboratory findings (blood count, AST,
ALT,gGT, LD, amylase, glucose, urea, creatinine,
blood lipids, total protein, albumin, globulins, acute
phase proteins, iron, transferrin and ferritinwereal
within the normal range). All subjects gave their
informed consent before participating inthestudy, and
the project was approved by the local ethics
committee and followed the guidelines of the 1975
Declaration of Helsinki.

CD," and CD," lymphocyte count

CD," and CD,* counts were determined by
immunofluorescencemicroscopy withthe Dynabeadsa
T4-T8kit (Dynd AS, Odo, Norway) on an Olympus
CBA microscope equipped with LH 50A and BH2-
RFCA fluorescence accessories.

Lipidanalysis

Peripheral blood from healthy subjectsand HIV -
infected patientswere collectedin EDTA containing
tubes (Vacutainera , Becton-Dickinson) after 12h of
fasting. Total serum cholesterol and triglycerideswere
determined enzymatically (Merck). HDL-cholesterol
was measured (whentriglycerideswere <4 mmol/L)
after preci pitation of gpoB-containing lipoproteinswith
phosphotungstic acid/manganese (Merck). LDL-
cholesterol and VLDL -cholesterol were cal cul ated
according to Friedwald [10].

Acute-phase proteins and immunoglobulins

Albuminwasdetermined by thebromocresol green
method (Merckotest, Oslo, Norway). The
concentrations of haptoglobin, a -acid glycoprotein,
C-reactive protein, transferrin, IgA and 1gG were
determined by immunonefd ometry (Behringwerke AG,
Maburg, Germany).

Satistical analysis
All data are expressed as mean £ SD. The
distribution of variableswastested for approximation
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to the Gaussian distribution curve using the kurtosis
and skewnesstests. The categorical variableswere
tested by the chi-squared test. The comparison of the
mean continuous numeric variables were tested by
variance analysis (ANOVA) and Tukey HSD test.
Correlationsbetween two independent variableswere
calculated by the Pearson |east-squares regression
analysis. Theassociation among continuousvariables
was assessed by the stepwise multiple regression
anaysis. P vaues<0.05were consdered significant.

Results

Demographic featureswere similar among the4
classification groups (control, WR1, WR2, WR3/4)
(Tablel). Asexpected the CD, " lymphocyte count was
decreased Sgnificantly intheWR2 and WR3/4 groups
comparedto WR1 and controls(Table1). A significant
increase in triglyceride and VLDL-cholesterol
concentrationswereobserved only in patientsbelonging
to the WR3/4 group, inwhich CD,* cell countswere
<400x10%/ L (Table2). In contrast, total cholesterol
and LDL-cholesterol levels were decreased in this
group (Table 2). HDL -cholesterol waslower in the
WR2 and WR3/4 groups compared to the control and
WR1 groups, indicating acontinuous decrease during
the progression of HIV-infection (Table 2).

Among the studied acute-phase proteins,
haptoglobinwasthemost senstivemarker asit became
progressively moreenhanced inthe HIV-positive sub-
groups, withthehighest valuesbeing foundin WR3/4
patients(Table 2). a -acid glycoproteinincreasedin
WR2 and WR3/4 groups, while C-reactive protein
levelsdid not differ among the studied groups (Table
2). Inrelation to the negative acute-phase proteins,
albumin concentrationswerelower inthe WR2 and
WR3/4 groups, when compared to WR1 and control
groups, dthough no differencewasfoundintransferrin
levels(Table2). Regardingimmunoglobulinlevels, 1gG
andIgA levelswereincreased inthe WR2 and WR3/
4 groups, when compared to the WR1 and control
groups (Table 2). CD,* lymphocyte counts showed
sgnificant negative corrdationswith haptoglobin, 1gA,
a -acidglycoprotein, andtriglyceridelevels(Table3).

Haptoglobin (R?=0.4059; P=0.0001) and IgA (R*=
0.2842; P=0.0001) were selected as the best
predictivevariablesof aCD," lymphocyte decrease
by stepwisemultiplelinear regressonanalysis.

Discussion

Thisstudy amedtoinvestigatetheeffect of infection
by HIV adoneonlipidsand acute-phaseproteinsin HI V-
pogitivepatientswhowerein different sagesof infection,
including thosefreeof Sgnsand symptomsof secondary
infectionsor any other AIDS-related complications,
classified here as WR1 and WR2 sub-groups, and a
subgroup of patients, classfied asWR3/4, which showed
initid Sgnsof decreased cdlular immuneresponse[9)].

The acute phase response is part of the host’'s
reaction to infection [2]. It includes a multitude of
changesin protein, lipid and lipoprotein metabolism.
Hypertriglyceridemiahasbeen reported asthefirst lipid
dterationinHIV infection[11]. However, inthe present
study, hypertriglyceridemiawasfound only in HI V-
infected patientswith alteration of cellular immune
response (WR3/4 group, CD,* < 400/mm?). Infact,
theearliest lipid alterations, found in HIV-infected
patients of the WR2 group, werethedecreased levels
of total cholesterol and HDL-cholesterol.

Decreasesintota cholesterol and HDL -cholesterol
have been reported intheearly stlagesof HIV-infection,
being more evident with decreasing CD,* lymphocyte
counts[12]. HDL-cholesterol hasbeen considered as
amarker of disease progression showing anegative
correlation with TNFa, TNFa receptors, and IFNg
[12-14]. Our data show that lower plasma HDL-
cholesterol level soccur in symptom-freeHIV -infected
patients, evenin the absence of secondary infections,
reinforcing previously reported data showing that
disturbances in cholesterol metabolism precede
hypertriglyceridemia during asymptomatic HIV
infection [15]. Thisisimportant for HIV-infection
pathogenesis as HDL provides cholesterol for
peripheral cellsinvolvedintheimmuneresponseand
tissue repair [12]. Moreover, apo Al, the main
apolipoprotein of HDL, inhibits human
immunodeficiency virus-induced CD,* lymphocyte
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Table 1. Characterisiticsof HIV-positive patientsand healthy control subjects

Control WR1 WR2 WR3/4 P
(n=26) (n=28) (n=31) (n=16)

Male (%) 62.5(16) 61.5(12) 42.9(22) 71.0(10) 0.171

Black (%) 3.9(1) 18.7(4) 16.1(5) 14.3(3) 0.403

Caucasian (%) 96.1(25) 81.2(24) 83.9(26) 85.7(13) 0.403
Age(years) 29.6+6.0 28.1+54 29.1+6.6 30.5+0.09 0.6243
Weight (kg) 67.47.7 65.1+13.1 65.0+6.6 57.9+6.42 0.0371
Height (m) 1.70+0.08 1.66+0.1 1.69+0.1 1.66+0.08 0.2772
CD,lymphocytesmm®  1295+143.3 1153+268.2 793+348.3° 287+74.5° 0.0001
CD,lymphocytesmm®  767+137.5 870+222.4 762+221.3 663+210.4¢ 0.0130

Valuesare means+ SD, or number of cases (%); P<0.05 as compared with control group; ® P<0.05 as compared with control and
WR1 groups; ¢ P<0.05 as compared with control, WR1 and WR2 groups; ¢ P<0.05 as compared with WR2 group.

Table2. Lipids, immunoglobulinsand acute-phase proteinsin HIV-infected patientsand healthy control subjects

Control WR1 WR2 WR3/4

(n=26) (n=28) (n=31)
Triglycerides(mmol/L) 1.05+0.039 1.30+0.44 1.17+0.43 1.51+0.75%
Total cholesterol (mmol/L) 4.50+0.66 4.22+0.66 3.99+0.872 3.77+0.672
LDL-cholesterol (mmol/L) 3.01+0.61 2.75+0.76 2.66+0.82 2.361+0.64%
VLDL-cholesterol (mmol/L) 0.48+0.18 0.60+0.20 0.53+0.19 0.69+0.342
HDL -cholesterol (mmol/L) 1.02+0.21 0.93+0.25 0.83+0.25? 0.72+0.20°
Albumin(g/L) 40.7+2.3 40.0+2.3 38.8+2.6% 38.3+1.8°
Trandferrin(mg/L) 26031352 25761516 22851542 2567+595
a-lacidglycoprotein (mg/L) 6481146 898+146 921+3342 1297+468°
Haptoglobin (mg/L) 1202+545 1645+613* 2189+841° 2506+1157°
1gG (mg/dL) 1422+257 2522+7022 2818+669° 364516867
IgA (mg/dL) 2177+800 2900+1481 3337418992 5975+3032¢
Creactiveprotein(mg/L) 5.00+0.0 5.50+1.60 8.00+6.50 6.10+3.20

Mean + SD; 2P<0.05 ascompared with control group; ®P<0.05 ascompared with control and WR1 groups; ¢P<0.05 ascompared
with control, WR1 and WR2 groups.
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Table3. Correlation of acute-phase proteins, lipidsand CD,* lymphocytes

Triglycerides Total HDL CD,+
cholesteral cholesteral lymphocytes
Albumin - 0.2384% 0.1613 -0.16147 0.3112°
a-lacidglycoprotein 0.4436° -0.1741 - 0.23622 - 0.4970¢
Haptoglobin 0.3604° -0.2108? -0.2573 - 0.4876°
IgA 0.21102 - 0.2356% -0.1615 - 0.5334°
Creactiveprotein -0.0435 - 0.23547 0.1532 - 0.1556
Tranderin - 0.1486 0.0599 0.1137 0.0045
Triglycerides - -0.0705 - 0.4404¢ - 0.22297
Total Cholesterol - 0.0705 - 0.3473° 0.22712
HDL -Cholesterol - 0.4404° 0.3473° - 0.3247°

Pearson |east-squaresregression analysis.? P< 0.05, °P< 0.01,°P< 0.001.

syncytiumformation[16]. A lessefficient antioxidant
activity of HDL may also be important for the
impairment of immunefunction.

Paraoxonase isan HDL associated enzyme that
metabolizesand detoxifiesbiologicaly activelipidsin
LDL [17]. Although paraoxonase activity hasnot been
studied in HIV-infected patients, this enzyme is
considered to be anegative acute-phase protein and
itsactivity decreases during the acute phase response
[17]. Incressed lipid peroxidationisdescribedin HIV-
infected patients [18-20] and lipid hydroperoxides
inducegpoptogsin T-cdlsdisplayinganHIV-associated
glutathioneperoxidasedeficiency [21]. TNFa dsoplays
an important role on the lipid peroxidation of blood
plasmaasitinducesthe production of reactive oxygen
species by polymorphonuclear leukocytes [22]. In
additiontoinducing lipid peroxidation, reactive oxygen
speciesactivatethenuclear transcription factor NF-kB,
which is obligatory for HIV replication in CD,*
lymphocytes[23].

Hypertriglyceridemiahasbeen described in HI V-
infected patients, usualy at thefinal stagesof disease
[24], and has been thought to berelated with several
factors, such as, thewasting syndrome, secondary acute
infections, and impairment of theimmunesystem[13,
24]. Our datashow that increased triglyceridelevels
werefound in HIV-infected patients of group WR3/4

who had sgnificant weight loss(Table 1) andimpairment
of thecdlularimmunesystem (CD,* lymphocyte < 400/
mm?3), even in the absence of secondary infections.
Cytokines, such as TNFa, IFNa, IFNg, and IL-6,
mediate the acute phase response and promote an
increaseof triglyceridelevelsduetoanincreasein VLDL
[1,3-6]. It has been reported that IFNa levels are
correlated at a highly significant level to serum
triglyceride concentrationsin HIV-infectedand AIDS
patients[1]. Both hepatic overproduction of VLDL,
due to increased hepatic lipogenesis, and delayed
clearance, whichisin part mediated by adecreasein
lipoprotein lipase activity (LPL), contribute to
hypertriglyceridemia[24-27]. Thus, our dataconfirm
that hypertriglyceridemia is a marker of a less
favourabledisease evolution and that indicatesamore
severeimpairment of theimmunefunction.

Severd sudieshaveshownthat HIV infectiondicits
an increase in the whole body’s protein turnover;
however, there are few reports on the alterations of
theacute-phase protein profileinthevery early stages
of infection. The hepatic synthesisof certain proteins,
such as the positive acute-phase proteins (i.e., C
reactiveprotein, haptoglobin, a-acid glycoprotein), is
increased, whilethe synthesisof other proteins, such
as albumin and transferrin (negative acute-phase
proteins), isinhibited in response to infections[1].
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Previousreports have shown alterations of albumin,
IgA, a -acid glycoprotein, C reactive protein, and
transferrininthefina stagesof HIV-infection, without
changesin haptoglobin[2, 28].

In the present study, a significant increase in the
positiveacute-phase proteinshaptoglobin, IgA, a -acid
glycoprotein, aswell asadecreaseinabumin, werefound
inthesymptom-free HIV-infected patientsof the WR2
group. In contrast to previously described data[1, 2,
28], nosgnificant differenceswerefoundfor Creactive
protein and transferrinamong thestudied groups. These
alterations of acute-phase proteinsmay be associated
to the enhanced production of IL-6 and IL-8 which
modul atethe synthesisof positive acute-phaseproteins
[29-31]. Ontheother hand, hypoabuminemiaiscaused
by an increased transcapillary escape rate and an
increased catabolic rate promoted by infection, instead
of decreased hepatic synthesis[32].

It has been reported that HIV -infection promotes
an enhancement of the fractional and absolute
synthesis rates of positive acute-phase proteins,
including haptoglobin[2]. Previously reported data
on acute-phase proteins in HIV infection are
conflicting. Grunfeld, et al. [1], reported higher
plasma concentrations of C reactive proteinin a
group of AIDS patients compared to the plasma
concentrations of healthy controls; however, no
differencein the plasmaconcentration of haptoglobin
between the 2 groupswasfound. Monet, et al. 28],
reported that 1 (b,-microglobulin) of the 3 studied
positive acute-phase proteins (C reactive protein,
b,-microglobulinand a,-glycoprotein) had ahigher
plasmaconcentration in agroup of AIDS patients.
Jahoor, et al.[2], found that the symptom-free
AIDS group had significantly higher plasma C
reactive protein, fibrinogen and haptoglobin
concentrations than the control group; in contrast,
therewas no differencein the plasmaconcentration
of albumin between the 2 groups. The disagreement
between these studies may be attributed to the
different stagesof HIV-infection of the AIDS patients
broadly classified as symptom-freein each study,
aswell asto the inter-individual variation of the
immune response among these patients. From these

studies, and our data, it can be concluded that the
HIV-induced acute phase response doesnot include
al of the acute-phase proteins and is of alesser
magnitude than that observed in response to a
bacteria infection [2].

Inthe present study, the CD,*countswerenegatively
correlated to haptoglobin, IgA, a -acid glycoprotein
and pogitively correlated to abumin. Among theacute-
phase proteins, haptoglobin showed the earliest
dterationinHIV-infection, asitslevel swereincreased
in the WR1 group of symptom-free HIV-infected
patients in comparison to the other studied groups
(Table 2). Haptoglobin has immunoregulatory and
antioxidant properties, which vary among thedifferent
phenotypes [33], and may be important for the
progression of HIV-infection. In fact, it has been
described that HIV-infected patients carrying theHp
2-2 phenotype show a worse prognosis, which is
reflected by amorerapidrate of vird replicationand a
higher mortdity inHIV patients[33]. IgA may neutrdize
invitro primary strainsof HIV-1[35,36]. TheHIV-1
specificIgA responseispredominantly directedtothe
envelopeproteins, including V4 and V 3regionswithin
HIV-1 gpl160 [37]. Protein kinase C activation by
HIV+-1gA inhibitsnitric oxide synthase [38]. Nitric
oxidebothinhibitsHIV-1replicationinacutdy infected
cellsand stimulatesHIV-1reactivationin chronicaly
infected cells[39]. Moreover, this IgA-modulated
inhibition of nitric oxide production may contributeto
lymphocyte proliferation asendogenousnitric oxide
inhibition rescuescdlsfrom gpoptosisin AIDS patients
withlow circulating CD,* [40].

Thesedatashow that thelevelsof HDL -cholesterol
had abetter correlation withthe CD ,* count than with
thetriglyceride concentrations. Among the acute-
phase proteins, haptoglobin, IgA and, a -acid
glycoprotein were also correlated with CD,,* counts.
However, haptoglobin and IgA had thebest predictive
valuesfor the decreasein CD,* lymphocyte counts.
Decreasesin HDL-cholesterol and theincreasesin
haptoglobin and IgA are associated with the
immunodeficiency and may be useful markers to
indicate the progression of infection in HIV-
seropositive subjects.
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