


Introduction

The innate HIV-1 immune response is composed of
cellular and soluble factors, which limit the spread of
the virus prior to development of a HIV-specific
adaptive immune response [1]. Furthermore, the innate
immune response persists throughout the course of
HIV-1 infection and continues to influence the adap-
tive immune control [1].

We have previously shown that leukemia inhibitor
factor (LIF) inhibits HIV-1 replication at pg concentra-
tions in vitro as well as in placenta and thymus explant
models [2]. It occurred in a virus tropism-independent
manner, but was dependent upon gp130 cell surface
expression, the signalling receptor for LIF [2]. Further-
more, LIF was shown to be upregulated in the placenta
of HIV-1 infected pregnant women who did not
transmit virus to the fetus as compared with transmit-
ting mothers [2]. This LIF-mediated anti-HIV-1 activ-
ity occurred prior to reverse transcription [2]. Here we
have investigated the potential systemic clinical impor-
tance of LIF and its receptors (gp130 and LIFR-Æ) by

examining their expression at the site of the majority of
HIV-1 replication, the tonsils and lymph nodes.

Material and methods

Patients and controls
LT biopsies (tonsils and lymph nodes) were collected
from 19 HIV-1 seropositive and seven HIV-1 sero-
negative patients, (Table 1). Six patients had primary
HIV-1 infection (PHI), including five who were
recruited from a multinational study, the Quest/
probe3005 study, plus one patient recruited from the
University of Colorado, USA. They were enrolled
within 2 days to 4 months from onset of acute
retroviral syndrome (ARS). Six patients had chronic
HIV-1 infection (cHI) (infected . 2 years). Biopsies
from these cHI patients were obtained from the
University of Colorado, USA. Seven long-term non-
progressors (LTNP) were recruited from the Infectious
Diseases HIV Unit, Huddinge University Hospital,
Stockholm, Sweden. Control tonsil biopsies from
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Table 1. Patient cohort characteristics.

Patient
number

Age
(years) Sex

Infections phase
(duration of
symptoms)

CDC
stage

Total CD4
cell count

(3 106 cells/l)

HIV viral load
(HIV RNA
copies/ml
plasma)

PHI
1 26 M 2 days A1 832 381617
2 43 M 7 days A1 388 2754
3 29 M PHI A1 964 318109
4 37 M 4 months A1 705 22 389
5a 30 M 15 days A1 579 7 416 084
6a 39 M 23 days A1 709 20 671 549
cHI
1 42 M . 2 years A2 464 241 861
2 32 M . 2 years C 163 18 742
3 23 M . 2 years A2 282 35 331
4 37 M . 2 years A3 136 405 700
5 47 M . 2 years A2 391 7265
6 31 M . 2 years A1 342 29 144
LTNP
1 49 F 16 years A1 360 400
2 41 F 14 years A1 410 4300
3 36 M 15 years A1 510 300
4 34 F 4 years A1 620 200
5 43 M 15 years A1 760 , 50
6 34 M 15 years A1 300 59 000
7 27 F 5 years A1 920 , 50
Controls
1 30 M – – 990 Negative
2 15 F – – 1420 Negative
3 34 M – – 1080 Negative
4 21 M – – 880 Negative
5 27 M – – 950 Negative
6 24 M – – 1230 Negative
7 39 M – – 1040 Negative

aPatient 5 and 6 in the PHI group had received anti-retroviral treatment for one day when the
biopsies were performed. PHI, Primary HIV-1 infection; cHI, chronic HIV-1 infection; LTNP, long-
term non-progressors; controls, HIV-1 seronegative individuals with tonsillar hypertrophy; M, male;
F, female.
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HIV-1 seronegative individuals with tonsillar hypertro-
phy were obtained from Huddinge University Hospital.
The study was performed after approval from the
Institutional Review Boards and Ethical Committees at
each participating site. The CD4 T cell counts in
peripheral blood were determined by routine flow
cytometric analysis. Plasma HIV-1 RNA concentration
was determined using Amplicor HIV monitor test or
ultra sensitive test (Roche molecular Systems, Som-
mersville, New Jersey, USA).

Immunohistochemical staining
Eight-�m thick sections from cryopreserved LT biop-
sies were fixed, permeabilized and stained as described
previously [3,4]. Anti-LIF antibody (AB1886 LIF;
Silenius, Victoria, Australia) was used to detect LIF and
anti-LIFR-Æ (AF-249-NA, goat IgG; R & D systems,
Abingdon, UK) and anti-gp130 (AM64; Pharmingen,
Palo Alto, California, USA) were used to detect LIF
receptors.

Quantification of LIF and its receptors, gp130
and LIFR-Æ, by in situ image analysis
The total stained tissue area was measured in a
quantitative manner by a specialized software program
[5]. The frequency of positively stained cells was
expressed as percentage of stained area out of the total
tissue area. Each parameter was evaluated in duplicate.

Two colour staining for phenotyping cells
expressing LIF and its receptors, gp130 and
LIFR-Æ
Sections were incubated with antibodies against CD3
(S4.1; Caltag Laboratories, Burlingame, California,
USA), CD4 and CD8 (RPA-T4 and RPA-T8, Phar-
mingen) followed by addition of an alkaline phospha-
tase substrate (kit from Vector Laboratories Inc.,
Burlingame, CA, USA) to develop a red colour. The
sections were subsequently stained for LIF or the LIF
receptors as described above.

Triple fluorescent staining
LT sections were stained with mouse anti-gp130 and
biotinylated goat anti-mouse antibodies followed by
Alexa 645-labelled streptavidin (Molecular Probes Inc.,
Eugene, Oregon, USA). Thereafter the fluorsceine
isothiocyanate-labeled KCF7 antibody was added
(Coulter Corp, Miami, Florida, USA) to detect four
different HIV core-proteins (55, 39, 33 and 24 kDa).
The sections were subsequently avidin–biotin blocked
(kit from Vector Laboratories Inc.) before addition of a
phycoerythrin-conjugated mouse anti-CD4 antibody
(BD Bioscience, San Jose, California, USA) or a rabbit
anti-LIF antibody, followed by a biotinylated goat anti-
rabbit antibody and Alexa 633-labelled streptavidin
(Molecular Probes). All sections were evaluated by
sequential spectrophotometric separation in a laser
scanning confocal microscope (SP102, Leica).

Real time quantitative reverse transcription
(RT)–PCR for LIF
RNA was extracted and purified from snap frozen
OCT embedded LT (Tissue-Tek, Miter, Elkhart, IN,
USA) and quantitative kinetic RT–PCR was per-
formed as described previously [6]. LIF upstream
primer: 59-GGGCCACACTCACCCTTGT-39; LIF
downstream primer: 59-TTCTCGAAGCCCATCCT
GG-39 and LIF Probe: 59-5-carboxyfluorescein (FAM)-
CCTTCCTGCTTCATCCGGCTTAGCTTG-5-carboxy-
tetramethylrodamine (TAMRA)-39.

Statistical analysis
A non-parametric, two-tailed Mann–Whitney test was
used to analyse statistical significance between the
different patient groups with regards to the expression
of LIF protein, LIF mRNA, gp130 protein and LIFR-
Æ protein. The non-parametric, two-tailed Mann–
Whitney test was also used to analyse if there was a
statistical difference in HIV-1 core antigen content in
CD4+/gp130� cells, CD4�/gp130+ cells and CD4+/
+gp130 cells in LT tissue. A non-parametric, two-
tailed Spearman’s’ statistical test, with a 95% confidence
interval, was used to analyse the correlation between
plasma viral load and LIF protein expression in LT.
P , 0.05 was considered significant.

Results

Augmented expression of LIF in lymphoid tissue
in primary HIV-1 infection
LIF expression was measured by in situ imaging analysis
in cryopreserved LT from patients at different stages of
HIV-1 infection and in seronegative controls (Fig. 1a,
1b and 2a). The frequency of LIF expressing cells in
the extra follicular LT area was significantly increased
in PHI as compared with HIV-1 seronegative controls
(P , 0.005). However, in cHI the LIF expression was
unchanged as compared with uninfected controls.
Furthermore, the LTNP-group showed a significantly
decreased expression of LIF versus HIV-1 seronegative
controls (P , 0.05).

LIF is a pleiotropic cytokine and is known to be
produced by many different cell types [7]. Multicolor
staining was performed to identify the phenotype of
LIF-expressing cells. This demonstrated that approxi-
mately half of the LIF expressing cells were CD3 (mean
value 50%). Subsequent staining for CD4/LIF or
CD8/LIF co-expression revealed that LIF expression
occurred in both CD4 (30–50%) and CD8 (35–60%)
phenotypes (Fig. 1c and 1d). This indicated that LIF
was not only produced by T cells but also by
CD4+CD3� and by CD8+CD3� cells including
dendritic/monocyte-linages as well as natural killer
(NK)-cells and NK T-cells.
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Induction of LIF mRNA and expression in
lymphoid tissue in primary HIV-1 infection
LIF mRNA expression was quantified by real-time
RT–PCR (Fig. 2b) in individuals from whom LT
tissue was available. LIF mRNA levels were elevated in
LT sections from the PHI group while cHI, LTNP and
HIV-1 seronegative controls showed comparable
amounts of LIF mRNA.

Correlation between viral load and LIF
expression
HIV-1 RNA copies/ml plasma was quantified in the
different HIV-1 cohorts (Fig. 2c). Viral load was
significantly higher in PHI and cHI as compared with
LTNP (P , 0.005 and P , 0.05, respectively) The

non-parametric Spearman’s two-tailed statistical test,
with a 95% confidence interval showed a significant
correlation between plasma viral load and the expres-
sion of LIF in LT (r = 0.54 and P ¼ 0.02; Fig. 2d).

Expression of gp130 and LIFR-Æin lymphoid
tissue in HIV-1 infection
The LIF signalling receptors, gp130 and LIFR-Æ, were
quantified by in situ imaging in cryopreserved LT from
patients at different stages of HIV-1 infection and in
HIV-1 seronegative controls (Fig. 1e, 1f and Fig. 3).
Expression of both gp130 and LIFR-Æ were signifi-
cantly upregulated in PHI and cHI patients as com-
pared with the control group (P , 0.005). In contrast,
they were significantly downregulated in LTNP
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Fig. 1. Immunohistochemically stained sections from LT biopsies. LIF expressing cells (stained brown) in (a) primary HIV-1
infection and (b) in HIV-1 seronegative control. Two-colour immunohistochemical staining illustrating that LIF (stained brown)
was expressed both in (c) CD4 (stained red) and (d) CD8 cells (stained red). gp130 expressing cells (stained brown) in LT from (e)
a primary HIV-1 infected patient and (f) a HIV-1 seronegative control. Note the high numbers of cells expressing LIF and gp130
in primary HIV-1 infection as compared to HIV-1 seronegative control tissue. Cells in Fig. 1a, b, e and f were counterstained blue
with haematoxylin.
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[(P , 0.05) for gp130 and (P , 0.005) for LIFR-Æ].
Two-color staining showed that gp130 and LIFR-Æ
were present on CD3 (30–60% for gp130 and 35–55%
for LIFR-Æ), CD4 (30–60% for gp130 and 20–50%
for LIFR-Æ) and CD8 (10–60% for gp130 and 10–
55% for LIFR-Æ) cells.

HIV core antigen expression was restricted to
gp130 negative cells in lymphoid tissue
Multiple fluorescent staining was used to identify HIV-
1 replicating cells (cytoplasmic HIV core antigen
positivity) either with gp130 and CD4 cell surface
expression or gp130 and LIF expression. This analysis
was performed only in LT from PHI patients. Confocal
microscopy revealed that HIV-1 core antigen was

significantly less expressed in CD4+/gp130+ cells and
in CD4�/gp130+ cells than in CD4+/gp130� cells
(P , 0.05; Fig. 4a and 4c). Thus despite that . 50% of
total CD4 cells expressed gp130, they comprised , 5%
of the total HIV replicating cells in LT. Furthermore,
we could not demonstrate signs of HIV-1 replication
in LIF expressing cells (Fig. 4b).

Discussion

Anti-HIV-1 immunity results in induction of cyto-
kines, chemokines and other soluble factors that may
both help the host to protect itself from the virus and
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Fig. 2. LIF expression. (a) LIF expressing cells in LT at different stages of HIV-1 infection and in HIV-1 seronegative controls
assessed by in situ imaging presented as median values of the percentage of stained area out of the total cellular area. PHI was
characterized by significantly (P , 0.005) increased incidences of lymphoid cells expressing LIF. LTNP showed significantly
(P , 0.05) decreased expression of LIF compared to HIV-1 seronegative controls. (b) LIF mRNA copies/200 000 glyceraldehyde
3-phosphate dehydrogenase (GAPDH) copies in LT cellular extract from different stages of HIV-1 infection and in HIV-1
seronegative controls as assessed by RT–PCR. (c) HIV RNA copies/ml plasma from patients at different stages of HIV-1 infection
assessed by Amplicor HIV Monitor test or ultra sensitive test. The viral load was significantly increased in PHI and cHI as
compared to LTNP (P , 0.005 and P , 0.05, respectively). (d) Plasma viral load is plotted as a function of LIF protein expression
in LT from HIV-I infected patients. A significant correlation was found (r, 0.54 and P ¼ 0.02). Horizontal lines denote median
values. j primary HIV-1 infection (PHI), m chronic HIV-1 infection (cHI), . long-term non-progressors (LTNP) and r HIV-1
seronegative controls.
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increase viral infectivity [8]. LIF is a pleiotropic
cytokine that belongs to the interleukin (IL)-6 family.
It signals via the gp130/LIFR-Æ heterodimer which is
found on a variety of cells including CD4CD45RO T
cells [9], which are known to be highly susceptible to
HIV-1 replication both in vitro [10] and in vivo [11].
Here we show for the first time that CD3, CD4 and
CD8 cells in LT express LIF during HIV-1 infection.
A significant correlation was found between plasma
viral load and LIF protein expression; high viral load in
the plasma was associated with high LIF protein levels
in LT. LIF was mainly expressed in the primary phase
of HIV-1 infection as indicated by up-regulation of
both LIF mRNA and protein levels in LT from PHI
patients in comparison to HIV-1 seronegative controls.
In fact, LIF protein expression was upregulated in one

patient as early as 2 days after the onset of ARS. Thus,
LIF expression may occur prior to the emergence of
HIV-1 specific cytotoxic T lymphocyte activity
[12,13]. This early onset of LIF may suggest a role for
LIF in the innate immune response against HIV-1.
Moreover, it is evident that LIF is expressed concomi-
tantly with other cytokines involved in the innate
response, e.g. interferon-Æ/�, IL-12 and IL-18, which
are also increased in LT during the early phase of acute
SIV infection [14]. It remains to be clarified if the CD4
and CD8 LIF expressing cells are HIV-1 specific or
not. The early induction of LIF in PHI along with
lower expression in LTNP and cHI argues for a role in
the acute phase response to HIV-1 and less likely as an
expansion of the adaptive HIV-1 immune response.

We have also shown that LIF receptors, gp130 and
LIFR-Æ, were significantly upregulated in LT from
PHI and cHI whereas they were significantly down-
regulated in the LTNP group versus HIV-1 seronega-
tive controls. With the exception of the chronic phase,
the expression of these receptors correlated with ex-
pression of LIF at various stages of HIV-1 infection. It
should be noted that LIF is not the only cytokine that
uses gp130 and LIFR-Æ [15]. All cytokines of the IL-6
cytokine family; IL-6, IL-11, Oncostatin M (OSM),
ciliary neurotropic factor (CNTF) and cardiotrophin-1
(CT-1) signal via the gp130 receptor [15]. IL-6 and IL-
11 signal through a gp130 homodimer while ligand
binding of OSM, CNTF, CT-1 or LIF causes hetreo-
dimerization of gp130/LIFR-Æ, and a third cytokine
specific receptor subunit for CNTF and CT-1 [15].
OSM signals via gp130/OSMR or via gp130/LIFR-Æ
and displays some specific biological properties not
shared by LIF [16]. Therefore, persistent up-regulation
of the LIF receptors, despite low LIF expression, may
be a consequence of the total pro-inflammatory milieu
present in LT throughout the course of HIV-1 infec-
tion [4]. This may explain the up-regulation of LIF
receptors in cHI in contrast with LTNP who are
associated with reduced inflammation [17]. The impor-
tance of LIF/gp130 mediated control of HIV-1 is
further supported by the fact that significantly less viral
replication (identified by HIV core antigen expression)
could be demonstrated in CD4 cells expressing gp130
in LT. However it remains to be elucidated whether
the virus down-regulates gp130 expression to counter-
act the anti-HIV effect of LIF.

Broor et al. have demonstrated that LIF activates HIV
replication in the chronically HIV infected promono-
cytic cell line U1 [18]. LIF may exert two different
effects on HIV-1 replication; inhibitory activity in the
early stage of HIV-1 replication and stimulatory activity
in already chronically HIV-1 infected cells. It therefore
remains to be determined in vivo if LIF inhibits de novo
HIV infection in susceptible cells but not production in
chronically infected cells.
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Fig. 3. Incidences of lymphoid cells expressing (a) gp130
and (b) LIFR-Æin LT as assessed by in situ imaging. PHI and
cHI were characterized by significantly (P , 0.005) in-
creased incidences of lymphoid cells expressing gp130 and
LIFR-Æ (values shown are medians of the stained area as a
percentage of the total cellular area). LTNP were charac-
terised by significantly decreased expression of gp130
(P , 0.05) and LIFR-Æ (P , 0.005) versus HIV-1 seronegative
controls. Horizontal lines denote median values. j, primary
HIV-1 infection (PHI); m, chronic HIV-1 infection (cHI); .,
long-term non-progressors (LTNP); r, HIV-1 seronegative
controls.
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