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Understanding the early cytokine response to lentiviral infections may be critical to the design of prevention
and treatment strategies. By using the feline immunodeficiency virus (FIV) model, we have documented an
interleukin 10 (IL10)-dominated response in lymphoid tissue CD4� and CD8� T lymphocytes within the first
4 weeks after mucosal FIV infection. This profile coincided with the period of high tissue viral replication. By
10 weeks postinfection, tissue viral levels decreased significantly, and gamma interferon (IFN�) production in
CD8� T cells had increased to restore the IL10/IFN� ratio to control levels. Concurrently, increased produc-
tion of IL6 and viral RNA was detected in macrophages. These temporal associations of viral replication with
cytokine balance in tissues suggest roles for IL10 in the permissive stage of infection and IFN� in the
subsequent down modulation of lentiviral infection.

Feline immunodeficiency virus (FIV) was identified as a
lentivirus associated with immunodeficiency in cats soon after
the initial detection of human immunodeficiency virus (HIV)
in cohorts of homosexual men (46). While there are some
differences between the two viruses in genomic complexity and
apparent breadth of cellular targets, the two lentiviruses pro-
duce virtually identical clinical immunodeficiency disease.
Acute FIV and HIV infections are both characterized by flu-
like illness, lymphadenopathy, high levels of virus, and rapid
loss of CD4� T cells (1, 20, 58). This is followed by a long,
clinically asymptomatic chronic infection marked by a further
gradual decline in CD4 cells, which culminates in a terminal
phase of clinical immunodeficiency, wasting, and opportunistic
infections (47, 56, 64).

The cytokines elaborated early in a variety of infectious
diseases are critical to the course of infection. A cytokine
response dominated by gamma interferon (IFN�), tumor ne-
crosis factor alpha (TNF�), and interleukin 12 (IL12) (type 1
cytokine response) has been shown to be important in the
clearance of intracellular pathogens, including viruses (5, 43,
55). These cytokines are instrumental in the generation of
cytotoxic T lymphocytes (CTL), and multiple studies have
shown a correlation between the emergence of CTL and the
reduction of circulating HIV and simian immunodeficiency
virus (SIV) (30, 40, 63). IL4, IL10, and IL13 have been shown
to antagonize the production and effects of type 1 cytokines,
and it is postulated that these cytokines play a role in viral
escape from immune surveillance (55).

The study of the early events in HIV infection is difficult due
to the exact timing of infection and the invasive nature of the
assays that would be most informative. To model the early

tissue responses to HIV infection, we used a rectal mucosal
transmission model of FIV to examine cytokine responses in
regional and systemic lymphoid tissue cell subpopulations. We
found that progression from uncontrolled to down-regulated
FIV infection correlated with characteristic changes in T-cell
and macrophage cytokine profiles.

MATERIALS AND METHODS

Animals and sample collection. Sixteen-week-old cats from a specific-patho-
gen-free breeding colony maintained at Colorado State University (Fort Collins,
Colo.) were inoculated by atraumatic exposure of the rectal mucosa with either
1 ml of 200 TCID50 (50% tissue culture infective dose) (n � 4) per ml or 1 ml
of 400 TCID50 per ml of cell-free infectious FIV-B supernatant (n � 10).
Age-matched control cats received 1 ml of cell-free noninfectious cell culture
medium (n � 15). Inoculations were repeated 24 h after the first exposure. Blood
collection was performed every 5 days until FIV proviral DNA was detected by
PCR, and then collections were performed every 14 days. Six FIV-infected and
seven naive controls were euthanized at 4 weeks postinoculation (PI). The
remaining eight FIV-infected and eight naive controls were sacrificed at 10 weeks
PI. The colic lymph nodes and the spleens were collected immediately following
euthanasia and placed in ice-cold Hanks’ balanced salt solution (GIBCO, Grand
Island, N.Y.) containing 5 U of DNase (Sigma, St. Louis, Mo.) per ml.

Virus inocula. The first cell-free cell culture virus inoculum (200 TCID50/ml)
was generated by the coculture of naive feline peripheral blood mononuclear
cells (PBMC) with PBMC from a cat acutely infected with FIV-B via the intra-
venous route. The second cell culture inoculum (400 TCID50/ml) was generated
by the coculture of native PBMC with the PBMC from a pool of three cats
acutely infected with FIV-B via the rectal mucosal route. The infectivity of the
supernatants was determined via titration, and aliquots were frozen at �70° C.

Processing of PBMC and tissue. PBMC were separated by density gradient
centrifugation (Histopaque 1077; Sigma). Colic lymph node and spleen tissues
were mechanically dispersed by passage through a fine wire mesh and resus-
pended in cold Hanks’ balanced salt solution (GIBCO). The erythrocytes from
the splenic samples were lysed by incubation in 5 ml of ACK lysis buffer (29) for
10 min. The isolated cells were washed three times in sterile Dulbecco’s phos-
phate-buffered saline (PBS) (GIBCO) and placed in RPMI medium (GIBCO)
supplemented with 10% fetal bovine serum (FBS), 1% penicillin-streptomycin,
2% glutamine, and 2 � 10�5 M 2-mercaptoethanol containing 20 ng of phorbol
12-myristate 13-acetate (Sigma) per ml and 1 �g of ionomycin (Sigma) per ml at
a concentration of 4 � 106 cells/ml for 2 h at 37°C. After mitogen stimulation, the
nonadherent cells were washed three times in PBS and subjected to magnetic
sorting. The adherent cells were cultured for an additional 5 days in Dulbecco’s
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modified Eagle’s medium (Sigma) supplemented with 10% FBS and 1% peni-
cillin-streptomycin. The purity of the adherent macrophages was assessed by
cytochemical staining with the antibody Mac387 (Serotec Inc., Raleigh, N.C.).
RNA was extracted from the macrophages by adding Trizol reagent (GIBCO)
directly to the culture flasks and was stored at �70°C until further processing,
according to the manufacturer’s instructions.

Magnetic sorting of cells. The isolated nonadherent cells were resuspended in
1 ml of PBS supplemented with 2% FBS (HyClone, Logan, Utah) and 4 �g of
murine immunoglobulin G for 30 min at 4°C. The cells were washed two times
with PBS and resuspended in 800 �l of PBS–2% FBS. Fluorescein isothiocyanate
(FITC)-conjugated antibodies to either feline CD4 or CD8 (44) (Southern Bio-
technology, Birmingham, Ala.) were added, and the cells were incubated at 4°C
for an additional 30 min. After washing the cells three times, they were resus-
pended in 800 �l of PBS–2% FBS with 40 �l of anti-FITC magnetic beads
(Miltenyi Biotec, Auburn, Calif.) and incubated for 15 min at 4°C. The cells were
washed one time in PBS and resuspended in 500 �l of degassed PBS supple-
mented with 2 mM EDTA and 0.5% bovine serum albumin (separation buffer).

MACS LS separation columns (Miltenyi Biotec) were used according to the
manufacturer’s instructions. The cells were separated over two sequential col-
umns to increase purity. The cells were quantified in the final eluants, and 1 �
105 cells were stained with the same FITC-labeled antibody used for sorting, a
phycoerythrin-labeled antibody for either CD4 or CD8, and a tricolor-labeled
antibody for B220 (BD Pharmingen, San Diego, Calif.). Flow cytometry with an
EPICS XL-MCL system (Coulter, Hialeah, Fla.) was performed to assess the
final purity of the sorted cells. The lymphocytes were pelleted and lysed in 1 ml
of Trizol reagent (GIBCO) and stored at �70°C until further processing, ac-
cording to the manufacturer’s instructions. The RNA was lyophilized in 2-�g
aliquots by using a Speed Vac concentrator (Savant, Farmingdale, N.Y.) imme-
diately prior to performing the ribonuclease protection assay.

RNase protection assay. Two probe sets were developed for feline cytokines.
The set used with CD4� and CD8� T-cell RNA consisted of probes for IL10,
IFN�, TNF�, IL4, IL2, and the housekeeping gene glyceraldehyde-3-phosphate
dehydrogenase (GAPDH). The set used with macrophage RNA consisted of
probes for IL6, IL10, TNF�, IL12p40 and IL12p35, IFN�, and GAPDH.

The primers for feline IFN� (accession no. X86972), TNF� (X54000), IL2
(L19402), IL10 (U39569), IL6 (D13227), IFN� (AB021707), and IL12 (U83185
and U83184) were designed based on sequences from the GenBank database.
Partial sequences for feline IL12 and IL4 were kindly provided by Gregg Dean
(North Carolina State University, Raleigh). A partial sequence for feline
GAPDH was generated by amplifying GAPDH with species consensus primers
(53) and sequencing the product (Macromolecular Resources, Fort Collins,
Colo.). The selected primer pairs were as follows: for GAPDH, 5	-AATTCCA
CGGCACAGTCAAGG-3	 and 5	-CATTTGATGTTGGCGGGATC-3	; for
IFN�, 5	-TTCGCTTTCCAGCTTTGCAT-3	 and 5	-CTGGAGCTGGTATTTA
ACAA-3	; for TNF�, 5	-TGGCCTGCAACTAATCAACC-3	 and 5	-GTGTGG
AAGGACATCCTTGG-3	; for IFN�, 5	-TCTCGAAGTCTTTGCTTCAGCA
C-3	 and 5	-GAGGTTCTGTTCAAGTTCACCAGG-3	; for IL2, 5	-ACTGAC
TCTTATACTCGTCAC-3	 and 5	-GTCAATTCTGTGGCCTTCTTG-3	; for
IL4, 5	-GGTCTGCTTACTAGCATTTACCA-3	 and 5	-GGTGGAGCAGTTG
TGATGTG-3	; for IL6, 5	-GCAGAAAACAACCTGAATCTTCCG-3	 and 5	-
GAGAAAGGAATGCCCGTGAAC-3	; for IL10, 5	-GAGGACCCAGACATC
AAAC-3	 and 5	-AGAGGTATGACCGGGTTCTCCAA-3	; for IL12p35, 5	-A
GGAATGTTCCAGTGCCTCAAC-3	 and 5	-CACCTGGTACATCTTCAAGT
CCTC-3	; and for IL12p40, 5	-ACCAGCAGCTTCTTCATCAGGG-3	 and 5	-
GGACCTGTACGCCAAATGTTAA-3	.

The probe sets were labeled with [32P]UTP by using a Riboquant in vitro
transcription kit (BD Pharmingen) according to the manufacturer’s instructions.
The probe mixture was used at a final concentration of 3 � 105 Cherenkov
counts/�l in the Riboquant multiprobe RNase protection system. The samples
were loaded on a denaturing 8% polyacrylamide sequencing gel along with a
1:150 dilution of the probe. The gel was dried on filter paper, loaded into a
phosphor screen (Amersham Biosciences, Piscataway, N.J.), and incubated at
room temperature for 72 to 96 h. Individual band intensity was determined by
using ImageQuant software (Amersham Biosciences), and all results were ex-
pressed as a ratio of cytokine to GAPDH.

DNA PCR for provirus detection. DNA was extracted from PBMC by using a
QIAamp blood kit (QIAGEN, Chatsworth, Calif.). One microgram of DNA was
amplified by nested PCR with FIV gag primers. The first-round primers were
Gag129 (5	-CGTAACTACAGGACGAGAACCTGG-3	) and Gag802 (5	-CCA
ACTTTCCCAATGCTTCAAG-3	), and the second-round primers were Gag3
(5	-TTGACCCAAAAATGGTGTCCA-3	) and Gag4 (5	-TTCTGCTTGTTGT
TCTTGAGT-3	), resulting in a 293-bp product. For both first- and second-round
reactions, hot-start PCR was performed with Ampliwax PCR gems (Perkin

Elmer, Norwalk, Conn.). Each round consisted of 35 cycles of 94°C for 15 s, 55°C
(first round) or 60°C (second round) for 20 s, and 72°C for 30 s. The first- and
second-round reaction mixtures contained 3 mM MgCl2, 200 �M each de-
oxynucleoside triphosphate, 1� gene amp, 10� PCR buffer II (Perkin Elmer),
2.5 U of AmpliTaq DNA polymerase (Perkin Elmer), and 0.1 �M each first-
round primer or 0.05 �M each second-round primer. The product was visualized
on a 1.2% agarose gel stained with ethidium bromide. Amplimer specificity has
been previously shown via Southern blot analysis (42).

RT-PCR for viral RNA. Viral RNA levels in plasma and tissue were quantified
by using a quantitative competitive reverse transcriptase PCR (QC-RT-PCR)
assay based on the method described by Diehl et al. (14, 15). A single-round,
40-cycle reaction was run as described above with the primers Gag3 and Gag4.
Threefold serial dilutions of competitor RNA containing from 106 to 103.6 copies
were added to viral RNA samples. Ethidium bromide-stained amplimers were
quantified by using AlphaImager software (Alpha Innotech, San Leandro,
Calif.), and the point of equivalence of competitor and virus was determined.
Input amounts of RNA consisted of 25 �l of Alsever’s plasma (Sigma) or 25 ng
of total tissue RNA per PCR mixture.

FIV antigen enzyme-linked immunosorbent assay. Productive in vitro infec-
tion was assessed by the capsid antigen (p26) capture enzyme-linked immunosor-
bent assay described by Dreitz et al. (18) performed on macrophage superna-
tants. Optical densities, measured by absorbance at 450 nm, were recorded with
a Dynatech 5000MRTM microplate reader (Dynatech Corp., Chantilly, Va.).
Positive reactions were defined as those with a minimum optical density of 0.1
and at least twice those of negative control supernatants run in parallel.

Statistical analysis. Data were analyzed with StatView software (Adept Sci-
entific, Bethesda, Md.). Samples were determined to be normally distributed by
using the Kolmogorov-Smirnov test. Comparisons were made by using a two-
tailed Student’s t test, with significance defined as a P value of 
 0.05. Correla-
tions were calculated, and P values were determined by using Fisher’s r-to-z
transformation with significance defined as a P value of 
 0.05.

RESULTS

Rectal mucosal infection. Of the 30 cats inoculated with two
doses of FIV-B-2542 via the rectal mucosal route, PBMC from
14 cats became DNA PCR positive (47% rate of infection),
beginning 14 to 22 days PI. A virus stock generated from cats
acutely infected via the rectal route did not demonstrate any
augmented ability to cross the rectal mucosa and establish
infection, i.e., 4 of 10 cats (40%) became infected after rectal
exposure. To determine whether rectally inoculated, PCR-neg-
ative animals may have sequestered virus infection not re-
vealed by the examination of peripheral blood, we necropsied
five such animals and assayed regional and systemic lymphoid
tissues for FIV DNA or RNA. Neither of these were detect-
able in any tissue sampled (data not shown).

Purity of sorted cell populations. Magnetically sorted CD8�

lymphocytes were consistently �94 to 98% pure (mean, 95%).
Sorted CD4� lymphocytes ranged from 91 to 97% purity
(mean, 93%). The size and forward scatter properties of the
magnetically sorted cells were consistent with lymphocytes.
Adherence-separated macrophages were 85 to 92% pure
(mean, 88%).

Lymphocyte cytokine mRNA levels at 4 weeks PI. At four
weeks PI, IL10 was the only cytokine message that differed
significantly for infected and control cats. This was true for
IL10 in CD8� T cells of the colonic lymph node and for both
CD4� and CD8� T cells of the spleen (Fig. 1 and 2). IL4 was
only detected in the CD4� T cells of the colonic lymph node,
and there were no significant differences in the levels for con-
trol and infected cats (data not shown). IFN�, TNF�, and IL2
mRNA levels did not differ between FIV-positive and control
cats (Table 1).
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Macrophage cytokine mRNA levels at 4 weeks PI. The num-
ber of macrophages cultured from colonic lymph nodes was
insufficient to allow the evaluation of cytokines in the vast
majority of cats. The spleen yielded sufficient macrophages in
22 of the 29 cats. IL6, IL10, and TNF� were the only cytokines
detectable in the adherence-purified macrophages. IL12 and
IFN� were consistently below the limits of detection (data not
shown). There were no statistically significant differences in the
cytokine RNA levels of FIV-positive macrophages when com-
pared to the levels for controls at 4 weeks PI (Table 1).

Lymphocyte cytokine mRNA levels at 10 weeks PI. IL10
mRNA levels in FIV-infected cats remained significantly ele-
vated over those of controls in both CD4� and CD8� T cells in
the colonic lymph node and spleen at 10 weeks PI (Fig. 1 and
2). By 10 weeks PI, a highly significant difference was detected
in the levels of IFN� mRNA in the CD8� lymphocyte popu-
lations of FIV-positive and control cats (Fig. 3). This rise in
IFN� mRNA was not seen in the CD4� T cells of infected cats
(Fig. 4). There were no differences in TNF� or IL2 mRNA
levels in the lymphocyte population in either the spleens or
colonic lymph nodes (Table 1).

The early rise of IL10 mRNA with no corresponding in-
crease in IFN� mRNA resulted in a significantly decreased
IFN�/IL10 ratio within the CD8� T cells at 4 weeks PI. The
increased levels of IL10 persisted throughout the 10-week
study, but because of an even larger rise in IFN�, there was no
statistical difference between the control cats and the infected
cats at 10 weeks PI (Fig. 5). A significant reduction in viral
RNA levels (log virus per microgram of RNA) within the
CD8� T cells was temporally associated with the rising IFN�/
IL10 ratio at 10 weeks PI (Fig. 5).

Macrophage cytokine mRNA levels at 10 weeks PI. IL6
mRNA levels were significantly increased in the splenic mac-
rophages of FIV-positive cats at week 10 PI (Fig. 6). Both
TNF� and IL10 levels remained unchanged (Table 1).

Viral RNA levels. Viral RNA levels within the plasma of
infected cats were high (7.7 � 105 to 4.7 � 106 viral copies/ml)

at 4 weeks PI but were significantly decreased by 10 weeks PI
(1 � 104 to 6.3 � 105 viral copies/ml) (data not shown). This
reduction over time was mirrored in the tissue CD4� and
CD8� T-cell viral levels in both colonic lymph node and spleen
(Fig. 7A). At 10 weeks PI, there was more viral RNA in the
spleens than in the colonic lymph nodes. Within the spleen,
there was significantly more viral RNA in the CD8� than in the
CD4� T-cell population (Fig. 7A).

The pattern of viral RNA levels in splenic macrophages was
distinct from that in lymphocytes and plasma. Macrophage
viral RNA levels significantly increased between weeks 4 and
10 PI (Fig. 7B). Interestingly, no viral antigen could be de-
tected in the supernatants from any of the infected macro-
phage cultures (data not shown).

Cytokines and viral levels. There were no significant corre-
lations between cytokine mRNA levels and virus levels in in-
fected CD4� or CD8� T cells. Macrophage IL6 mRNA levels
were directly correlated with the amount of viral RNA within
macrophages (r � 0.889, P 
 0.05) (Fig. 8).

DISCUSSION

The rate of rectal FIV-B-2542 transmission in the present
study, and in concurrent work in this laboratory (39), is ap-
proximately 50%. This rate appeared to be independent of the
TCID, and in vivo passage of the virus via rectal inoculation
did not appear to increase the ability of the virus pool to cross
the rectal mucosa. Because low-level or transient viremia has
been seen in macaques rectally inoculated with SIV (60), we
necropsied several exposed, PCR-negative cats and were un-
able to detect any evidence of a tissue virus reservoir. The
intact rectal mucosa appears to provide a relatively effective
barrier against retroviral transmission, and the transmission
rates seen in sexually exposed people likely reflect repeated
exposures and/or minor mechanical trauma to the mucosa.

The decrease in tissue viral levels within the lymphocyte
subsets between weeks 4 and 10 PI mirrored that seen in the

FIG. 1. IL10 RNA levels were increased in CD4� T cells of the spleen at 4 weeks PI (P 
 0.05) and in both the spleen and colonic lymph nodes
(LN) at 10 weeks PI (P 
 0.05) in FIV-infected animals. Viral RNA levels decreased between 4 and 10 weeks PI in both the spleen (P 
 0.05)
and colonic lymph nodes (P 
 0.01). Cytokine RNA was analyzed via RNase protection assay in purified cells from the colonic lymph nodes and
spleens at 4 and 10 weeks after rectal inoculation with FIV-B or sham control. Cellular viral RNA levels were measured by QC-RT-PCR and
expressed as log numbers of virus per microgram of total cellular RNA.
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plasma, suggesting that T cells within the lymphoid tissue com-
partments directly contribute to the circulating pool of virus.
While HIV can infect CD8� T cells in some situations (27),
CD8� T cells are not considered one of the major cellular
targets. FIV has been described as infecting CD8� T cells, yet
this study documents for the first time that levels of CD8�

T-cell-associated virus can actually exceed those of CD4� T-
cell virus at certain times PI. Although FIV is known to infect
B cells (19), the contribution of B lymphocytes to tissue virus
levels was not examined in this study.

In contrast to the lymphocytes, macrophage viral RNA lev-
els increased between 4 and 10 weeks PI. An earlier study of
FIV infection by Beebe et al. utilizing RNA in situ hybridiza-
tion has documented the progressive increase in macrophage-
associated virus during the early weeks and months postinfec-
tion (2). Monocyte/macrophages have been implicated as a
major source of persistent HIV infection, particularly in those
patients being treated with highly active antiretroviral treat-
ment (48), and the ability of the virus to maintain low levels of
replication in the long-lived population of monocytes is
thought to contribute to the escape of immune clearance (54).
Despite the high levels of viral RNA that we documented in
the adherence-purified macrophages, we were unable to detect
viral antigen in the supernatants. There is precedent for the
adherence-stimulated up regulation of FIV viral RNA synthe-
sis in macrophages without a concurrent release of virus (17),
suggesting that these cells may be a persistent source of low-
level virus infection. The ability of FIV to shift from the pre-
dominant infection of lymphocytes to macrophages may rep-
resent an in vivo evolution of tropism in order to avoid the
apparent immune-mediated decrease in virus levels in lympho-
cytes.

The cytokine pattern at 4 weeks after FIV infection was
dominated by increased lymphocyte IL10, which was initially
described as a factor secreted by murine Th2 cells that inhib-
ited the production of IFN� (22). IL10 has since been shown to
have a variety of inhibitory effects on activated macrophages,
including the inhibition of nitric oxide production (23), the
reduction in the surface expression of major histocompatibility
complex class II molecules (13) and CD80/CD86 costimulatory
molecules (16), and the inhibition of IL12 and TNF� produc-
tion (12, 21, 50). Dendritic cells have been shown to be the
most potent initiators of an immune response, and IL10 can
decrease IL12 production and costimulatory molecule expres-
sion in these cells as well (8, 37).

Elevations of IL10 have been reported in HIV-infected pa-
tients in all stages of infection (36, 57). Many HIV-positive
people have demonstrable defects in proliferative recall re-
sponses to HIV as well as non-HIV proteins such as tetanus
toxoid and influenza virus (11). The in vitro neutralization of
IL10 restores the defective recall responses in patients who
have between 200 and 500 CD4 cells/�l (31), indicating that
IL10 is playing a role in the generalized dampening of the
immune response to HIV.

A subset of lymphocytes that produce high levels of IL10
have been termed Tr1 cells (25, 52), and recent work provided
the first evidence of pathogen-specific Tr1 cells in a murine
model of Bordetella pertussis infection (35). The pathogen-
derived molecule was shown to specifically inhibit IL12 and
augment IL10 production from dendritic cells, which then di-
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rected naive T cells into the Tr1 subtype. Type 1 cytokine
responses were inhibited by the increased levels of IL10 in this
system. Circulating Tr1 cells have been demonstrated to be
present in HIV-infected people, and the numbers of Tr1 cells
were significantly higher in those patients with active replica-
tion or progressive disease (45). Although dendritic cells were
not examined in the present work, this model for the pathogen-
specific skewing of dendritic cell cytokine production is an
attractive explanation for the early IL10-dominated response
in FIV infection.

The sum total of the effects described above of IL10 on
monocyte/macrophages and dendritic cells would be to de-
crease their ability to direct a viral-specific, cell-mediated im-
mune response. Any impaired ability to mount a cell-mediated
immune response, shown to be critical for the control of HIV
and SIV replication (30), would be advantageous to the virus.
The fact that we have detected a selective increase in IL10
during peak FIV replication provides indirect evidence that

FIV may exploit the immunosuppressive effects of IL10 in
order to establish a persistent infection.

The cytokine response at 10 weeks after FIV infection
evolves into a mixed type 1/type 2 response, with elevations in
both IL10 and IFN� mRNA levels. A similar pattern of cyto-
kine response has been documented in the thymus of FIV-
infected cats when examined beginning at 6 weeks PI (33). In
our study, a significant elevation in IFN� mRNA levels was
only documented in the CD8-positive population, while both
CD4� and CD8� T cells maintained elevated production of
IL10 mRNA.

A recent study examining IFN� production in PBMC from
HIV-positive patients demonstrated that the increased IFN�
levels were found only in the CD8� lymphocytes and, more
specifically, in CD8� CD28� cells (9). Cells with this pheno-
type have been shown to be effective cytolytic cells in HIV (26)
and cytomegalovirus (34) infections. Increasing levels of CD8�

T-cell IFN� mRNA as FIV levels are dropping raises the

FIG. 2. IL10 RNA levels were increased in CD8� T cells of the spleen and colonic lymph nodes (LN) at 4 weeks PI (P 
 0.01) and in the spleen
(P 
 0.01) and colonic lymph nodes (P 
 0.001) at 10 weeks PI in FIV-infected animals. Viral RNA levels decreased between 4 and 10 weeks PI
in both the spleen (P 
 0.05) and colonic lymph nodes (P 
 0.001). Cytokine and viral RNA levels were measured as per the legend to Fig. 1.

FIG. 3. IFN� RNA levels were increased in CD8� T cells of the spleen (P 
 0.05) and colonic lymph nodes (LN) (P 
 0.001) at 10 weeks PI
in FIV-infected animals. Viral RNA levels decreased between 4 and 10 weeks PI in both the spleen (P 
 0.05) and colonic lymph nodes (P 
 0.001).
Cytokine and viral RNA levels were measured as per the legend to Fig. 1.
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possibility that virus-specific CTL are emerging between 4 and
10 weeks. This would be consistent with observations in SIV
and HIV infections in which the initial control of viremia is
correlated with the emergence of viral peptide-specific CTL (6,
30, 40, 63).

While we cannot determine from our present data whether
the delayed rise in CD8� T-cell production of IFN� mRNA is
due to an emerging population of virus effector cells, the rise in
IFN� mRNA and the subsequent restoration of the IFN�/IL10
ratio is temporally associated with a decreasing viral load. It is
becoming more apparent that it is the relative proportions of
cytokines rather than the absolute production of type 1 or type
2 cytokines that influence disease progression (3, 59). Recent

work with HIV infection has confirmed this principle by show-
ing that the relative balance of CD4� T-cell production of IL10
versus IFN� correlates with active replication and progression
of disease and that highly active antiretroviral treatment can
decrease viral loads and shift the balance towards IFN� pro-
duction (45). Our findings in the FIV model corroborate these
findings in that the balance of IL10 versus IFN� shifted back to
a more normal ratio in CD8� T cells as viral levels came under
initial host control.

The elevated IL6 mRNA levels seen at 10 weeks PI in the
macrophages are a phenomenon described in many viral in-
fections. IL6 has been shown to be elevated in HIV (7), SIV
(10, 28), and FIV (32, 41) infections. The in vitro infection of

FIG. 4. There were no significant differences in IFN� RNA levels in CD4� T cells of both spleen and colonic lymph nodes (LN) at 4 and 10
weeks PI (P � 0.05) in FIV-infected animals and controls. Viral RNA levels decreased between 4 and 10 weeks PI in both the spleen (P 
 0.05)
and colonic lymph nodes (P 
 0.01). Cytokine and viral RNA levels were measured as per the legend to Fig. 1.

FIG. 5. The ratio of IFN� to IL10 decreased between 4 and 10 weeks after rectal inoculation with FIV-B in both colonic lymph node and splenic
tissue CD8� T cells in FIV-infected animals. There was a significant difference between the levels for the control and those of the infected animals
at 4 weeks PI (P 
 0.01), and also between the infected animals at 4 and 10 weeks PI (P 
 0.001). Viral RNA levels decreased between 4 and
10 weeks PI in CD8� T cells (P 
 0.01). Cytokine and viral RNA levels were measured as per the legend to Fig. 1. Control animals consisted of
the sham-inoculated cats at both 4 and 10 weeks PI.
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monocytes with HIV (38) and FIV (51) induces the production
of IL6. In addition, HIV infection has been shown to have a
priming effect, whereby increased amounts of IL6 are pro-
duced by the subsequent ligation of the CD40 receptor (4).
The intravenous infection of macaques with SIV has been
shown to lead to a rapid rise in PBMC and peripheral lymph
node levels of IL6 (10, 28), whereas people naturally infected
with HIV via the mucosal route tend to have a more delayed
increase associated with the transition into the chronic phase
of infection (24).

IL6 has the ability to increase the production of HIV in
chronically infected ex vivo monocytes and in macrophages
infected in vitro (49). The increase in macrophage HIV pro-
duction occurs at the posttranscriptional level, increasing HIV
proteins and RT activity without the accumulation of viral
RNA (49). The feline macrophage cultures that we examined
at 10 weeks PI had very high levels of intracellular viral RNA

but undetectable levels of viral antigen in the supernatants.
The correlation between macrophage IL6 mRNA levels and
macrophage viral RNA levels in our cats supports the notion
that the two may be linked, but either IL6 acts to stimulate
viral replication via a different mechanism in feline macro-
phages or it is the infection of the macrophages that induces
high levels of IL6 mRNA. IL10 has been reported to decrease
HIV replication within monocyte/macrophages by interfering
with IL6 and TNF� production (62). Despite this fact, when
the amount of IL10 is titrated, IL10 can actually enhance HIV
replication in a synergistic fashion with TNF� and IL6 (61).
The elevated lymphocyte IL10 RNA levels seen throughout
this study do not appear to have inhibited macrophage IL6
RNA production and in fact may have acted synergistically
with IL6 to increase viral RNA levels.

In summary, we have documented an early IL10-dominated
cytokine response in both CD4� and CD8� T cells during

FIG. 6. IL6 RNA levels were increased in splenic macrophages 10 weeks after infection with FIV-B (P 
 0.05). Viral RNA levels increased
between 4 and 10 weeks PI in macrophages (P 
 0.01). Cytokine and viral RNA levels were measured as per the legend to Fig. 1.

FIG. 7. Viral RNA levels decreased in tissue T cells between 4 and 10 weeks PI (A), while viral RNA levels increased in splenic macrophages
during the same time period (B). There were significant differences between the 4- and 10-week viral levels in both T-cell subsets in the spleen
and colonic lymph nodes (P 
 0.05) and within the macrophages (P 
 0.01). Cytokine and viral RNA levels were measured as per the legend to
Fig. 1.
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mucosal FIV infection. The IL10-dominated phase correlated
with the period of peak viral replication. This cytokine re-
sponse evolved to include concurrent increases in CD8� T-cell
levels of IFN� mRNA, which was temporally related to de-
creasing lymphocyte and plasma virus levels. A delayed rise in
macrophage IL6 mRNA was associated with a shift to in-
creased macrophage viral RNA levels. Determining the poten-
tial role of the innate immune response in triggering these
responses and the functional significance of these cytokine
changes on the documented down regulation of viral replica-
tion are subjects for further study.
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