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Relationship between plasma L-lysine
concentrations and levels of HIV-1 RNA

Evgeny Vlad Butorov

The Municipal Center of HIV/AIDS Prophylaxis; Surgut, Russian Federation

Introduction

The HIV/AIDS pandemic continues to be
a major health problem with an estimated
34 million people living with human
immunodeficiency virus, with 2.5 million
new infections in 2011 and an estimated
1.7 million deaths from HIV-related ill-
nesses in the same year."? The develop-
ment of an effective vaccine, new drugs,
methods and approaches in the treatment
of HIV-infection remains an urgent and
pressing need. Conquering this enormous
challenge demands further understanding
of the biology of the virus, and its inter-
action not only with infected cells and
the immune system, but also its negative
impact on the development of metabolic
disturbances.

The significant changes of the host pro-
tein and lipid metabolism, catabolic effect
and the negative nitrogen equilibrium in
HIV progression are widely appreciated,®”
but there are few data in the literature
about infection-related amino acid imbal-
ance in HIV infected patients.®'® At the
same time, metabolic changes in patients
with various pathological conditions'*
lead to alterations in their amino-acid pro-
files and the concentrations of amino acids
in the extracellular medium was found
to be critical in the life cycle of some
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viruses.
that amino acid imbalances are related to
increased risk of rapidly progressing virus
infections through changes of the protein
homeostasis. Thus, amino acid profiles
may be useful as early biomarkers of the
physiological disturbances and disease
progression.*®’

Since it is likely that the virus so
formed arises from free amino acids of
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the cell, knowledge of the changes of free
amino acids in the host cell and tissue, and
its modification by infection, should be of
interest. In virus infection, the protein
metabolism of the host cell is shifted from
the synthesis of cellular protein to the syn-
thesis of virus protein of a different char-
acter with significant variations in amino
acids concentrations.’®*! Amino acids are
not only useful for protein synthesis but
also act as regulators of gene expression via
the mechanism of amino acid-regulated
transcription factors. 4

The presence or absence of amino acids
in the extracellular medium and its con-
centrations in the cell modulate specific
transcription factors so as to promote or
repress the synthesis of multiple genes.®*
The same mechanism is well known in
HIV pathogenesis. The conversion of
the single-stranded RNA genome into
double-stranded DNA by virus-coded
reverse transcriptase (RT) is an essential
step in the retrovirus life cycle. Human
immunodeficiency virus requires a cel-
lular tRNA™ as a primer for initiation of
reverse transcription and HIV is not infec-
tious unless the cellular tRNAY* interacts
directly on the specific region of the viral
RNA genome.”* But only the presence of
a sufficient concentration of the essential
L-lysine in HIV-infected cells activates the
cellular tRNAD?,

To date, there are no direct clini-
cal trial data on the effect of changes in
L-lysine concentrations on HIV-1 viral
load, and plasma amino acid profiles in
HIV-infected patients are not adequately
documented. The purpose of this study
was to detect a possible relationship
between levels of L-lysine and HIV-1
RNA. We hypothesized that the more
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rapid progression of HIV-infection is
associated with the level of excess supply
of this essential amino acid. To test these
hypotheses, we measured levels of L-lysine,
HIV-1 RNA and markers of immunologi-
cal status, not only in clinical stages of
the disease, but in the groups of the elite
controllers, slow-progressors, and progres-
sors among HIV-infected individuals.
And our current findings do support this
hypothesis.

Results

Clinical characteristics of HIV-infected
patients. After the screening measure-
ment of plasma L-lysine concentrations,
HIV-1 RNA levels and CD4 count lym-
phocytes, 100 patients had to be excluded
from the study: 32 patients had amino
acid concentrations above the reference
range of 80—-470 pmol/l, 38 patients with
HIV viral load above 1000000 copies/
ml and 30 patients with severely immu-
nodepressed (A3, B3, and C3 stages of
HIV-infection).

As potential explanatory variables for
plasma L-lysine concentration, organ fail-
ures (hepatic and renal failure) or bio-
chemical markers of hepatic (AST, ALT,
bilirubin, alkaline phosphatase, and lac-
tate dehydrogenase) and renal (creatinine,
v-glutamyltransferase, and urea) function
were entered in the analysis.

Clinical data, stages, immunological,
and virological status of the HIV-infected
patients are summarized in Table 1.

Our data revealed the
between some hematological parameters
in HIV-infected patients in CDC stages
of HIV infection. The survey shows a
significant decrease in the levels of CD4

differences
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Table 1. Clinical data, stages, hematological, immunological, and virological characteristics of HIV-infected patients and healthy control subjects

Age (years)
Sex (F/M)
BMI (kg/m?)
Viral charge * (s.e.) (copies/ml)

CD4 (cells/pl)
CD8 (cells/yl)
CD4/CD8 ratio

ALT (1U/ml)

AST (IU/ml)

Lactate dehydrogenase (LDH) (1U/1)
Gamma-glutamyltransferase (GGT) (1U/I)
Alkaline phosphatase (ALP) (1U/I)
Creatinine (umol/l)
Bilirubin (nmol/l)

Urea (mmol/l)

Group | Group Il
(A1,A2) (B2, B2)

(n =290) (n=110)
34+58 35+£57
0/290 0/110
22.75+2.57 22.99+3.32
107600 + 101007 188600 + 22 050"

496.3 £ 236.9"

345.6 + 240.3™

HIV-infection stage (CDC, 1993)

1107.0 + 488.9* 1052.0 + 544.9%
0.44 £0.19™ 0.34+0.20°"
74.3 + 57.9* 57.0 + 46.4*
65.0 £ 58.5% 55.6 +36.3""

412.8 £ 142.3" 431.2+£75.8"

88.4 +103.6" 91.4+78.4"
111.8 £ 115.2"" 114.4 +86.7""
89.3 +51.1 88.2+18.3
11.7 +5.3 11.3+49
4.77 £3.15 4.56 + 2.81

Group Il Controls
(C1,C2) (n=120)
(n=50)
35+58 34+44

0/50 0/120
22.02 +2.32 22.62 £2.93
327200 + 46 990" -
2455+ 171.1° 1253 £230.3
1092.0 + 388.6* 770 £322.4
0.29 + 0.25" 1.75+0.18
60.6 £ 51.5* 242+ 153
74.5 + 62.4 23.0+14.7
572.3 +204.9" 280.1 £83.5
179.1 + 154.3" 277 £18.7
169.6 + 197.1"" 542 +374

81.2+19.1 91.1 £ 34.5

89+5.1 6.2+3.8
4.68 +£3.12 442 +3.17

*Patients vs. controls, P < 0.05; Patients in stage A, B vs. patients in clinical stage C (CDC, 1993), P < 0.05. Values are given as mean + SD (range).

count lymphocytes in all clinical stage A
(496.3 + 236.9), B (345.6 + 240.3), and
C (245.5 £ 171.1) patients with HIV com-
pared with healthy controls (1.75 + 0.18,
P < 0.001 for all comparison groups;
the Student # test). At the same time, we
found an increase in the levels of HIV-1
RNA (P < 0.001), AST (P < 0.05), LDH
(P < 0.001), and ALP (P < 0.05) in
advanced stages (B, C) of HIV-infection
related to the progression of the disease.
No significant differences were found
between CD8 count lymphocytes, levels
of creatinine, urea, bilirubin, cholesterol,
ALT, GGT, and alkaline phosphatase in
HIV-infected comparison groups. The
mean levels of GGT, ALT, AST, LDH,
and ALP were significantly higher in HIV-
infected subjects compared with our refer-
ence values for similar ages (P < 0.001 for
all comparison groups; the Student # test).
No relation was observed between BMI,
the levels of creatinine, urea, bilirubin in
clinical stage (CDC, 1993) HIV-infected
patients and healthy controls.

Plasma 1-lysine concentrations in
HIV-infected patients. The concentra-
tions of L-lysine were evaluated between
CDC groups of HIV-infected individuals

and with our reference values. No previous
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studies are available for comparison. The
levels of the amino acid in asymptomatic
stage A (58%, in the following the per-
centage denotes the mean of the patients
in relation to the mean of healthy con-
trols), stage B (66%), and stage C (67%)
were significantly reduced in the HIV
patients compared with controls.

Plasma 1-lysine concentrations mark-
edly decreased with the progression of
HIV-infection. The mean amino acid
levels were significantly lower in advanced
stage (B and C; 232.3 + 135.0 and 149.1
+ 110.5) HIV-infected patients compared
with healthy subjects (275.8 + 120.3,
P < 0.005 and P < 0.001, respectively; the
Student # test) and with the level in asymp-
tomatic stage (A) patients (263.1 + 144.9,
P < 0.01 and P < 0.001, respectively). No
difference was observed between plasma
L-lysine concentrations in asymptomatic
stage (A1) HIV-infected patients and con-
trols (P = 0.50).

At the same time, after initiation of
HAART, the levels of i-lysine signifi-
cantly increased in 80/100 (80%) of our
HIV-infected individuals. As regards
therapy, plasma amino
acid concentrations (322.0 =+ 115.9)
were significantly higher compared with

antiretroviral
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HIV-infected patients in stage A, B,
and C without treatment (P < 0.0001,
P <0.0001, and P < 0.0001, respectively).
We examined the difference in plasma
L-lysine concentrations between HIV-
infected subjects after introduction of
HAART and healthy controls (2 < 0.001).
Among the study patients, low levels of
amino acid were found in HIV individu-
als with recurrent herpes infection (170.1
+ 144.5) which is different from values of
controls (P < 0.01). The plasma L-lysine
concentrations are given in Table 2.
Plasma  L-lysine  concentrations
and CD4 count lymphocytes in HIV-
infected patients. CD4 count lym-
phocytes markedly decreased with the
progression of HIV-infection. The mean
of these immunological parameters in
clinical stage B was 345.6 (SD = 240.3)
and in stage C, 245.5 (SD = 171.1). We
found significant differences in CD4
count lymphocytes between advanced
stage (B, C) HIV-infection compared
with our reference values (1253 + 230.3,
P < 0.0001 and P < 0.0001, respectively;
the Student # test) and levels in asymp-
tomatic stage A patients (496.3 + 2306.9,
P <0.0001 and P < 0.0001, respectively).
A mild positive correlation was observed
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Table 2. Plasma 1-lysine concentrations in HIV-infected patients and healthy subjects

HIV patients

The entire cohort
n =450

253.4+152.8

Group |
(A1,A2)
n =290

Group Il
(B1,B2)
n=110

Group Il
(C1,C3)
n=50

HIV-infected patients with recurrent
herpes infection
n=12

HIV infected patients on HAART
(B1,B2,C1,C2)
n =100

L-lysine (p.mol/l)

263.1 £ 144.9

232.3+135.0

149.1 £ 110.5

170.1 + 144.5

322.0+ 1159

Controls (mol/l)

n=120 Student t test

275.8 +120.3 P < 0.041 (S)

275.8 +£120.3 P =0.50 (NS)

275.8+120.3 P < 0.005 (S)

275.8+120.3 P <0.001 (S)

275.8 +120.3 P <0.01(S)

275.8+£120.3 P <0.001 (S)

(S), Differences were considered significant when P < 0.05; (NS), not significant. Values are given as

mean + SD (range).

between plasma L-lysine levels and CD4
count lymphocytes in entire cohort HIV-
infected patients (r = 0.19, P < 0.008;
Pearson correlation coefficient) and in
groups I and III (P < 0.04 and P < 0.03,
respectively).

The lowest levels of amino acid and
CD4 count lymphocytes were found in
HIV patients with recurrent herpes infec-
tion and patients with AIDS (284.2 =
173.1 and 245.5 = 171.1, respectively)
(Table 3).

Plasma L-lysine concentrations and
HIV-1 RNA levels in HIV-infected
patients. Our data revealed that HIV-1
RNA levels evidently increased with the
HIV-infection stages. The mean viral
load concentrations were significantly
higher in clinical stage B (188600 =
22050 s.e.) and C (327200 + 46990 s.e.)
subjects compared with values in asymp-
tomatic stage (A) HIV-infected patients
(107600 + 10100 s.e., P < 0.0001 and
P < 0.0001, respectively; the Student ¢
test). We found the same significant dif-
ferences between these parameters in all
clinical stage HIV-infected patients and
with subjects after antiretroviral therapy
(630.7 + 95.4 s.e.,, P < 0.0001 for all
comparison groups). The highest HIV-1
RNA levels (1071100 = 647.6) were
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detected in HIV patients with acute her-
pes infection.

We observed the mild significant nega-
tive correlation between plasma L-lysine
levels and viral load in clinical stage A
and B HIV-infected patients (r = -0.18,
P <0.006 and r = -0.23, P < 0.03, respec-
tively; Pearson correlation coefficient)
and strong negative correlation in stage
C (r = -0.48, P < 0.006). The relation
between amino acid concentrations and
HIV-1 RNA levels was not significant in
patients on HAART (P = 0.83) and HIV-
infected subjects with acute herpes infec-
tion (P = 0.86) (Table 4).

The absence of significance in HIV
infected patients with recurrent herpes
infection and group III may be due to the
small number of subjects (z = 12). Our
analysis was limited by a cohort size that
may have been too small to allow detec-
tion of statistical associations when lim-
ited to subgroups.

In study, we observed the most sig-
nificant negative correlation between
plasma L-lysine levels and HIV viral load
in patients with a range of viremia from
5000 to 50000 copies/ml (r = -0.42,
P < 0.0001; Pearson correlation coeffi-
cient). The mild negative correlation was
found in subjects with viral load from

Virulence

5000 to 75000 copies/ml and from 5000
to 100000 copies/ml (r=-0.29, P < 0.002
and 7 = -0.24, P < 0.007, respectively).
The weak negative correlation was also
found in HIV-infected patients with viral
load from 5000 to 500000 copies/ml and
from 5000 to 1000000 copies/ml (r =
-0.15, P < 0.03 and » = -0.12, P < 0.04,
respectively) (Table 5; Fig. 1).

The results of our study suggest
that there is evidence for an association
between the triad of plasma L-lysine and
HIV-1 RNA levels and CD4 count lym-
phocytes in clinical A, B, and C stages
HIV infected patients (Fig. 2).

Plasma L-lysine concentrations and
clinical data of HIV-controllers and
progressors. From all patients observed
in the our center we identified 13 HIV
individuals as long-term non-progressors
(elite controllers) whose viremia remained
controlled for more than 10 years after
HIV-infection, with the constant level
of HIV-1 RNA less than 500 copies/ml
and CD4 count lymphocytes more than
500 cells/pl; and 25 slow-progressors
whose viral load remained low for more
than 7 years, with the constant level of
HIV-1 RNA less than 10000 copies/ml
and CD4 count lymphocytes more than
400 cells/pl. We selected 100 patients
infected during the 5 years in compari-
son groups. The levels of plasma L-lysine,
HIV-1 RNA, and CD4 count lympho-
cytes were evaluated between groups of
HIV-1 elite controllers, slow-progressors
and progressors (A2, Bl, B2 stages of
CDC classification). No previous studies
are available for comparison.

The mean of viral load in HIV elite
controllers was 550.1 (SD = 135.7), in
slow-progressors 2631 (SD = 2606), and in
HIV progressors 186500 (SD = 150100).
The mean of CD4 count lympho-
cytes in HIV elite controllers was 549.6
(SD = 123.8), in slow-progressors 476.7
(SD = 326.3) and in HIV progressors
352.0 (SD = 199.9). Low levels of plasma
L-lysine were observed in 9/13 (75%) of
HIV elite controllers, 15/25 (60%) slow-
progressors and 66/100 (66%) in HIV
progressors compared with controls. The
mean amino acid levels were significantly
reduced in HIV elite controllers and non-
progressors compared with HIV progres-
sors (P<0.0001 and P<0.007, respectively;
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Table 3. Comparison plasma -lysine concentrations and CD4 count lymphocytes in HIV-infected patients

HIV patients

The entire cohort
n =450

Group |
(A1, A2)
n =290

Group Il
(B1, B2)
n=110

Group llI
(C1,C3)
n=>50

HIV infected patients with recurrent herpes infection

n=12

HIV-infected patients on HAART
(B1,B2, C1,C2)
n=100

CD4 lymphocytes (cells/j.l)

L-lysine (nmol/l)

Pearson correlation coefficient

448.5 + 247.5 253.4+152.8 r=0.19, P < 0.008 (S)
496.3 + 236.9 263.1 +£144.9 r=0.14, P < 0.049 (S)
345.6 +240.3 232.3+135.0 r=0.21, P =0.04 (S)
2455+ 171.1 149.1 + 110.5 r=0.70, P < 0.03 (S)
284.2 +173.1 170.1 + 144.5 r=0.57,P=0.10 (NS)
449.6 + 214.3 322.0 + 115.9 r=0.02, P=0.90 (NS)

(S), Differences were considered significant when P < 0.05; (NS), not significant. Values are given as mean + SD (range).

Table 4. Comparison plasma -lysine concentrations and HIV-1 RNA levels in HIV-infected patients

HIV patients

The entire cohort
n =450

Group |
(A1, A2)
n =290

Group Il
(B1, B2)
n=110

Group Il
(C1,C3)
n=50

HIV-infected patients with recurrent herpes infection

n=12

HIV infected patients on HAART
(B1,B2,C1,C2)
n=100

HIV-1 RNA (copies/ml) £ s.e.

L-lysine (mol/l)

Pearson correlation coefficient

170300 = 15640 253.4+152.8 r=-0.14, P < 0.023 (S)
107600 + 10100 263.1 = 144.9 r=-0.18, P < 0.006 (S)
188600 + 22050 232.3+135.0 r=-0.23,P < 0.031 (S)
327200 + 46990 149.1 £ 110.5 r=-0.48, P =0.006 (S)
1071100 * 647.6 170.1 £ 144.5 r=-0.05, P =0.86 (NS)

630.7 £ 95.4 322.0+ 1159 r=-0.02, P=0.83 (NS)

(S), Differences were considered significant when P < 0.05; (NS), not significant. Values are given as mean + SD (range).

the Student 7 test) and healthy individuals
(P < 0.0001 and P < 0.01, respectively).
The mean level plasma L-lysine in HIV
progressors is almost the same as in the
controls (P = 0.18).

Plasma 1-lysine concentrations, immu-
nological, and virological status of the
HIV-infected patients are summarized in
Table 6.

Thus, the lowest levels of plasma
L-lysine and the highest CD4 count
lymphocytes were found in HIV-1 elite
controllers and slow-progressors com-
parison in HIV progressors and controls.
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Accordingly, the highest viral load was
detected in progressors.

Conclusions

In this study, we clearly demonstrated
serious changes plasma concentrations
of L-lysine in HIV-infected patients. We
formerly hypothesized that the amino
acid levels were related to increased viral
load and to the clinical stages of HIV-
infection; and, our current findings sup-
port this hypothesis. The mean plasma
L-lysine concentrations were significantly

Virulence

lower in advanced CDC stage (B and C)
HIV-infected patients than in asymptom-
atic stage (A) and patients on HAART.
We examined that plasma L-lysine con-
centrations were negatively correlated
with HIV-1 RNA levels and inversely
with CD4 count lymphocytes. The mean
plasma L-lysine concentrations were sig-
nificantly lower in HIV-1 elite control-
lers and slow-progressors compared with
healthy individuals and HIV-progressors.
And the levels of amino acid increased
in HIV-infected subjects after introduc-
tion of HAART. It sounds paradoxical,
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Table 5. Comparison of plasma I-lysine concentrations in HIV-infected patients ranged by HIV-1 RNA levels

HIV-infected patients with HIV-1 RNA levels

5000-20000
n=39
5000-30000
n=>54
5000-40000
n=69
5000-50000
n=74
5000-75000
n=105
5000-100000
n=120
5000-250000
n=160
5000-500000
n=186

5000-1000000
n=255

HIV-1 RNA (copies/ml)

12400 + 4432 313.2+ 1504
15990 + 7155 296.3 £ 151.5
21190 + 11960 283.1 +£154.0
24900 + 14870 261.9 +134.8
32480 + 23070 265.9 + 156.1
41790 £ 35000 261.6 = 154.7
78490 = 76600 256.0 £ 151.2
122100 + 133500 250.6 = 150.7
180900 + 263600 2474 +142.4

(S), Differences were considered significant when P < 0.05. Values are given as mean + SD (range).

but can be explained by the influence of
amino acid deficiency on HIV reproduc-
tion. Excess of L-lysine concentration
leads to active HIV replication and reduce
the concentration of plasma amino acid.

We hypothesized that the disease pro-
gresses more rapidly among patients with
the level of excess supply of this essential
amino acid. We now intended that the
excess of L-lysine leads to active HIV rep-
lication and reduce the concentration of
plasma amino acid. To test these hypoth-
eses, we measured levels of this essential
amino acid, HIV-1 RNA and markers of
immunological status in the groups of the
elite controllers, slow-progressors and pro-
gressors among HIV-infected individu-
als. The lowest concentrations of essential
amino acid were found in HIV elite con-
trollers and slow-progressors. From these
findings it may be assumed that if the
infected cells contain a limited amount
of L-lysine, synthesis of HIV virions could
probably have been prevented or reduced
to the level of latent infection. It is pos-
sible that this mechanism is used in HIV
controllers.

In summary, our study seems to sup-
port the hypothesis that changes in
plasma L-lysine play a key role in the syn-
thesis of the virus proteins and in tran-
scription initiation of the retrovirus life
cycle. It sounds paradoxical, but excessive
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intake of this essential amino acid may
increase the risk of high HIV-1 RNA
levels, subsequent acceleration of immu-
nosuppression and HIV progression, and
further research is needed to understand
the impact of L-lysine amino acid on HIV
infection pathogenesis.

Material and Methods

Patients. We included 550 HIV-1-
infected males (age range: 20-38 y; mean
+ SD; 34 + 5.9 y), who were periodically
monitored in the Municipal Center of
HIV/AIDS prophylaxis. We ascertained
patients’ general attributes (age, sex),
medical history, and stage of HIV infec-
tion, co-infections and the simultane-
ous survey period, without antiretroviral
therapy. Blood samples for this study
were collected during routine clinical
control and analytical monitoring, which
included hematological, immunologi-
cal and virological evaluation. Clinical
stages of the disease were based on the
1993 revised guidelines for HIV-1 infec-
tion (Centers for Disease Control and
Prevention). All patients, 550 HIV-1-
infected males without highly active
antiretroviral therapy (HAART), were
classified into groups I (asymptomatic;
Al, A2), II (symptomatic, non AIDS;
B1, B2) and III (AIDS; C1, C2). Patients

Virulence

L-lysine (nmol/l)

Pearson correlation coefficient

r=-0.35,P < 0.028 (S)
r=-0.32,P < 0.018 (S)
r=-0.35,P < 0.003 (S)
r=-0.43, P < 0.0001 (S)
r=-0.29, P < 0.002 (S)
r=-0.24, P < 0.007 (S)
r=-0.16, P < 0.048 (S)
r=-0.15, P < 0.035 (S)

r=-0.12, P < 0.040 (S)

who were severely immunodepressed
(A3, B3, and C3) were excluded from the
study.

Group I: 290 patients were asymp-
tomatic or had slight symptoms, non- and
moderately immunodepressed (A1, A2).

Group II: 110 patients were moderately
symptomatic and immunodepressed (BI,
B2).

Group III: 50 patients were severely
symptomatic and moderately immunode-
pressed (C1, C2).

Comparison groups: 100 subjects after
introduction of HAART for more than
two years, 25% HIV patients on nucleo-
side analog reverse-transcriptase inhibitors
(NARTIs) and non-nucleoside reverse-
transcriptase inhibitors (NNRTTIs) ther-
apy, 5% only on NARTIs and 70% HIV
patients on NNRTTIs and protease inhibi-
tors (PIs) therapy (age range: 25-45 vy,
mean + SD: 36 £ 5.1y).

Reference established
in healthy regional donors (age range:
23-45 y, mean + SD: 34 + 44 y) by
measurement of plasma L-lysine concen-
trations (7 = 120). Blood samples were
obtained after informed consent from the
patients.

Laboratory studies. Fasting venous

values were

blood samples for measurement of hema-
tological and immunological param-
eters, HIV-1 RNA levels and amino-acid
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Figure 1. Plasma -lysine in HIV-infected patients ranged by HIV-1 RNA levels.

profiles were collected in 5 ml tubes
containing 1.6 mg/ml K? EDTA (BD
Vacutainer®) and were centrifuged
(3500 rpm; 10 min). For the analysis of
L-lysine concentrations, venous blood
was deproteinized with 3% sulphosali-
cylic acid, carefully mixed and imme-
diately centrifuged (3500 rpm; 10 min)
to remove plasma proteins. Aliquots, the
supernatant of 100 I, were pipetted into
Eppendorf tubes, stored at -40 °C and
analyzed within the following fortnight
in the same laboratory.

Blood samples for measurement of
HIV-1 RNA levels were immediately
centrifuged (3500 rpm; 10 min), ali-
quots plasma of 1.0 ml were pipetted into
Eppendorf tubes and stored at -40 °C
until ready for use. For other hematologi-
cal and immunological parameters, whole
venous blood samples were immediately
analyzed at the center laboratory.

Quantification HIV-1 RNA assay
was performed by quantitative com-
petitive (RT-PCR) reverse-transcriptase
polymerase chain reaction using the
commercially available Amplisens® HIV-
monitor-FRT kit (Amplisens®) with a
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sensitivity limit of 500 HIV-1 RNA cop-
ies/ml and real-time PCR cycler (Rotor-
Gene Q, QIAGEN).

Alaboratory survey of the immune func-
tion was conducted by use of a flow cytom-
eter according to the method, defining
CD3, CD4, and CD8 lymphocytes count
(Coulter Epics XL, Beckman Coulter).

The hematological levels of leuko-
cytes, erythrocytes, platelets, hemoglobin,
total protein, albumin, globulin, ALT,
AST, creatinine, bilirubin, cholesterol,
and glucose, were determined using stan-
dard techniques (ABX Micros 60, ABX
Diagnostics), (SABA 18, AMS).

The amino acids were separated by the
thin layer chromatography (TLC) method
and L-lysine concentrations were detected
spectrophotometrically after reaction with
ninhydrin reagent.

Reference values of plasma L-lysine were
established in apparently healthy donors.
Low amino acid concentration was con-
sidered to be present when plasma L-lysine
values were below and above one and a half
standard deviations (SD) of our mean ref-
erence values (80 pwmol/l < plasma L-lysine
< 470 pmol/l). No significant differences
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in plasma amino acid concentrations were
observed in repeat samples obtained from
any given patient. The overall reproducibil-
ity of results was consistent to within + 5%.
Body mass index (BMI) at baseline was
calculated using the formula weight (kg)/
(height[m])? and categorized as under-
weight (< 18.5 kg/m?), normal (18.5-24.9
kg/m?), overweight (25-29.9 kg/m?).
Statistical analysis. Plasma L-lysine
values follow a Gaussian distribution
(Kolmogorov—Smirnov), so the Student
t test was applied to compare patients’
concentrations to reference values, as well
as those found in patients in comparison
groups, with a 95% confidence interval.
The correlation between HIV-1 RNA and
amino-acid concentrations was estimated
by a Pearson correlation coefficient. Data
are reported as mean + SD (standard devi-
ation), and P values below 0.05 were con-
sidered to indicate statistical significance.
Statistical analyses were performed using
the statistical software package Biostat®.
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Table 6. Compared plasma -lysine concentrations, HIV-1 RNA levels and CD4 count lymphocytes in HIV-1 elite controllers, slow-progressors, and

progressors

HIV-1 elite controllers

L-lysine (nmol/l)
HIV-1 RNA levels (copies/ml)
CD4 lymphocytes (cells/mm?3)

*Patients vs. controls, P < 0.01; "Patients vs. HIV progressors, P < 0.01. Values are given as mean * SD (range).
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