Clinical & Developmental Immunology, December 2005; 12(4): 249-257 e Lay\{!g:,iif;:?pds

Alterations in mesenteric lymph node T cell phenotype and cytokine
secretion are associated with changes in thymocyte phenotype after
LP-BMS retrovirus infection

MARIA C. LOPEZ & RONALD R. WATSON

Health Promotion Sciences, Enid and Mel Zuckerman College of Public Health, The University of Arizona, Tucson,
AZ, 85724, USA

Abstract

In this study, mouse MLN cells and thymocytes from advanced stages of LP-BM5 retrovirus infection were studied.
A decrease in the percentage of IL-7" cells and an increase in the percentage of IL-16" cells in the MLN indicated that
secretion of these cytokines was also altered after LP-BM5 infection. The percentage of MLN T cells expressing I11.-7
receptors was significantly reduced, while the percentage of MLN T cells expressing TNFR-p75 and of B cells expressing
TNFR-p55 increased. Simultaneous analysis of surface markers and cytokine secretion was done in an attempt to understand
whether the deregulation of IFN-y secretion could be ascribed to a defined cell phenotype, concluding that all T cell subsets
studied increased IFN-v secretion after retrovirus infection. Finally, thymocyte phenotype was further analyzed trying to
correlate changes in thymocyte phenotype with MLN cell phenotype. The results indicated that the increase in single positive
either CD4TCD8~ or CD4 CD8" cells was due to accumulation of both immature (CD37) and mature (CD3™") single
positive thymocytes. Moreover, single positive mature thymocytes presented a phenotype similar to the phenotype previously
seen on MLN T cells. In summary, we can conclude that LP-BM5 uses the immune system to reach the thymus where it
interferes with the generation of functionally mature T cells, favoring the development of T cells with an abnormal phenotype.
These new T cells are activated to secrete several cytokines that in turn will favor retrovirus replication and inhibit any attempt
of the immune system to control infection.
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Introduction

Retrovirus infection, especially HIV infection has
proven to have devastating effects on humans’ immune
system, where practically every immune cell is involved
in a hopeless counterattack against the virus (Fauci
1988; Stanley et al. 1993; Su et al. 1995). Similar
findings are emerging on the effect of simian
immunodeficiency virus on monkeys (Neben et al.
1999; Rosenzweig et al. 2000) and of feline immuno-
deficiency virus on cats (Woo et al. 1997; Johnson et al.
1998). Although there are species-specific differences
between the approaches that different retroviruses use
to invade different hosts, it appears from the above
observations that all retroviruses finally reach the
thymus and interfere with T cell differentiation.

The murine leukemia retrovirus LP-BM5 has been
used by several groups in an attempt to model human
infection (Chattopadhyay et al. 1989). LP-BM5
retrovirus induces generalized immunodeficiency
characterized by lymphoadenopathy, splenomegaly,
and hypergammaglobulinemia (Chattopadhyay et al.
1989). Even though LLP-BM5 favors the proliferation
of CD4™ cells, instead of inducing their depletion as
HIV does, it renders them anergic and therefore,
useless to protect the host (Muralidhar et al. 1992).
Furthermore, it has been demonstrated that LP-BM5
also reaches the thymus and depletes it of double
positive CD4CD8 cells (LLopez et al. 1992a,b, 1993; de
Leval et al. 1995; Colombi et al. 1994) as has been
shown for HIV in the elegant experiments using SCID
mice reconstituted with neonatal thymus that were
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later on infected with the virus (Stanley et al. 1993;
Bonyhadi and Kaneshima 1997).

Advanced stages of LP-BM5 infection in mice are
characterized as in human retrovirus infection, by a
lack of resistance to pathogens and opportunistic
pathogens (Chui and Owen 1994). The finding that
retrovirus-infected mice could become infected with
Cryprosporidium parvum a gut parasite, was a starting
point for an interest in how LP-BM5 infection was
altering gut mucosal immunity (Darban et al. 1991).
Further studies clearly indicated that while mesenteric
lymph nodes (MLN) increased in size and cell
numbers the opposite was the case for Peyer’s patches
and the gut lamina propria (Lopez et al. 1992c).
Moreover, these findings were associated with a
paucity of IgA plasma cells in the gut lamina propria
(Lopez et al. 1992c¢). Further studies indicated that
neither T nor B cells from the MLN could
preferentially migrate to the gut lamina propria after
retrovirus infection (Lopez et al. 1995, 2002).
Moreover, MLN T cells from LP-BM5 infected
mice presented a completely abnormal phenotype
(Lopez et al. 2002). Several studies have also shown
that retrovirus-infected mice secrete inflammatory
cytokines like IFN-y, TNF-a and II.-4 (Gazzinelli
etal. 1992; Huang et al. 1993). It has been considered
that the increased level of cytokines is either the result
of an immune response against the retrovirus or the
consequence of LLP-BM5 infection modulating the
immune response (Uehara et al. 1994).

In this study, the attention was focused on the effect
of LP-BM5 infection on MLN cells and thymocytes.
Firstly, the ability of MLN T and B cells to express
cytokine receptors for IL-7 and TNF-a was studied
since both cytokines are involved in T and B cell
proliferation, and TNF-a is also involved in the
induction of programmed cell death. Secondly, a
simultaneous evaluation of cell phenotype and
cytokine secretion was done in an attempt to under-
stand whether the deregulation of cytokine secretion
could be ascribed to a defined cell phenotype
especially for IFN-y. Thirdly, alterations in IL.-7 and
IL-16 secretion after LP-BM5 retrovirus infection
were studied for the first time. Lastly, thymocyte
phenotype was further analyzed in an attempt to
correlate changes in thymocyte phenotype with MLN
cell phenotype.

Materials and methods
Mice and retrovirus infection

Female C57BL/6 mice 4 weeks old were obtained from
the National Cancer Institute (Frederick, MD). They
were kept for 1 week to allow adjustment to the new
environment before they were infected with LP-BM5
murine leukemia virus. The LP-BM5 virus inoculum
induced the disease with a time course as previously
described (Lopezetal. 2002). Infection was allowed for

16 weeks, only mice showing similar level of infection—
generalized lymph node enlargement—were studied.

Thymus and mesenteric lymph node cell isolation

Thymi and MLN were pressed through a cell strainer
(Falcon 2340; BD Biosciences, San Jose, CA) to
release single cells. Cells were collected on RPMI
1640 containing 10% FCS and antibiotics. Cells were
washed in medium and counted. Then, cells were
ready either for immediate staining or for culture to
measure cytokines.

Lymphocyte culture for intracellular cytokine and surface
marker simultaneous determination

Isolated lymphocytes in RPMI 1640/10% FCS, and
antibiotics were cultured in 24 well plates in the
presence of PMA (50 ng/ml), ionomycin (500 ng/ml)
and 10pg/ml Brefeldin A (Epicentre Technology
Corp, Madison, WI) for 5h as described previously
(Lopez and Holmes 2005). At the end of the
incubation period, cells were resuspended in their
wells and transferred to a 96 well V-bottom plate to
perform the staining. Plates were spun down,
vortexed, and 100pl of PBS/2%BSA/0.01% Na
azide, supplemented with Brefeldin A, were added to
each well. Cells were fixed with 100l of 4%
paraformaldehyde (pH 7.4) per well and the
plate was incubated on ice for 20 min. Plates
were spun down and cells were resuspended in
PBS/2%BSA/0.5% saponin/0.01% Na azide, and
incubated in the cold for another 20 min, to facilitate
pore formation. Anti-CD16/32 (2.4G2) was added as
blocking reagent to the permeabilization reagent.
At the end of the incubation period, fluorochrome-
conjugated antibodies that recognize mouse cytokines
were added. Plates were incubated in the cold and
darkness for 30 min. Then, they were spun down,
washed twice with PBS/2%BSA/0.5% saponin/0.01%
Na azide, and once with PBS/2%BSA/0.01% Na
azide. Cells were resuspended in PBS/2%BSA/0.01%
Na azide, and antibodies recognizing specific surface
markers were added, and plates were incubated in the
cold and darkness for another 30 min. Afterwards,
plates were spun down and the cells were washed with
PBS/2%BSA/0.01% Na azide. Finally, cells were
resuspended in 2% paraformaldehyde (pH 7.4),
stored in darkness at 4°C, until analyzed in a FACStar
Plus (BD Biosciences) that included Cellquest soft-
ware. Samples were always run within 24 h after the
staining was finished.

Antibodies used in flow cytometric staining

The following directly conjugated anti-mouse anti-
bodies were used: FITC- and Cychrome-anti-CD3,
FITC-anti-CD44, FITC- and PE-anti-CD90.2, FITC-
DX5, PE-anti CD120a (TNFR-p55), PE-antiCD120b
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(TNFR-p75), PE-anti-IFN-vy, and purified anti-
CD16/32 (2.4G2) from BD Pharmingen (San Diego,
CA); FITC-, PE- and TC-anti-CD4, TC-anti-yd-
TCR, FITC- PE- and TC- anti-CD8«, FITC-anti-
CD19, PE-anti CD62L, PE-anti-IL-2, PE-anti-IL.-4,
PE-anti-TNF-a, and PE-anti IL-16 from Caltag
(Burlingame, CA); and PE-anti-CD127 (IL-7R) from
eBioscience (San Diego, CA). Goat anti-mouse IL-7
from R&D systems (Minneapolis, MN) monoclonal
antibody was conjugated with FITC in our lab as
described previously (I.opez and Holmes 2005).

Statistical analysis

Data from retrovirus infected and uninfected mice
were compared using the two-tailed Student’s z test
included in Excel software.

Results

Expression of IL-7R and of TNF-R p55 and TNF-R p75
on MLN B and T cells of retrovirus infected mice

As in previous reports, data presented in this study
analyzed mice at a very advanced stage of LP-BM5
retrovirus infection (Lopez et al. 1992¢, 2002). These
mice as those studied before presented an increased
proportion of CD3™ cells, mainly CD4" (Figure 1A).
Accordingly, there was decreased proportion of B cells
(CD19" cells), as described earlier (Lopez et al. 1992¢).
IL-7 is involved in proliferation and differentiation of
immature T and B cells (Hofmeister et al. 1999). Cells
responding to IL-7 express the IL-7 receptor, CD127
(Hofmeister et al. 1999). The percentage of MLN cells
expressing CD127 (IL-7 receptor) was significantly
reduced in retrovirus-infected mice due to the dramatic
decrease in the percentage of CD3™" cells expressing the
receptor (Figure 1B). TNF-a is known as an
inflammatory cytokine secreted in response to infection.
TNF-a binds to its receptors TNFR-p55 and TNFR-
p75 that deliver signals triggering either cell proliferation
or programmed cell death (Chan et al. 2000). The
percentage of B cells expressing CD120a (TNFR-p55)
increased in retrovirus-infected animals, as did the
percentage of T cells expressing CD120b (TNFR-p75)
(Figure 1B).

Cytokine secretion profile of MLN cells from retrovirus
infected mice

As shown before using different methods, retrovirus
infection is associated with increased secretion of several
cytokines (Gazzinelli et al. 1992; Huang et al. 1993).
Increased percentages of MLN cells secreting I1.-2, IL-
4, TNF-a and IFN-y were observed in agreement with
previous data obtained with different techniques
(Figure 2A) (Huang et al. 1993). Interestingly, as
previously observed in retrovirus-infected humans, the
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Figure 1. MULN cells phenotype. MLN cells were stained and their
phenotype was analyzed using flow cytometry. The percentage of B
(CD19™), T (CD3") and T cell subsets were studied in MLN cells
from normal and retrovirus infected mice (A). The expression of
IL-7R (CD127) and TNF-R p55 (CD120a) and TNF-R p75
(CD120b) on Tand B cells was also analyzed (B). The exact level of
signification using the two-tailed Student’s ¢ test is shown for every
marker. Open bars: control mice; filled bars murine AIDS infected
mice. CD3"CD4" stands for double positive cells, while
CD4%(CD3") means the percentage of CD4" cells within the
CD3 population.

percentage of IL-16" cells was increased (Center et al.
2000; Cruikshank et al. 2000) and it was found that
CD19" cells were responsible for IL-16 secretion
(Figure 2B). On the contrary, the proportion of IL-7
secreting cells decreased mainly due to a change in
CD90~ CD4" cells ability to secrete IL-7. IL-2 and
TNF-a secretion increased after retrovirus infection due
to the increased ability of CD3" CD4  cells from
infected mice to secrete both cytokines (Figure 2B).
In addition, fewer DX5 cells from infected mice
secreted IL-4.

As shown in Figure 3, after gating on several T cell
subsets, including y3-TCR*' and CD90 CD4%, an
increase in the percentage of cells secreting IFN-vy was
observed. Flow cytometry plots indicated that while in
normal mice CD90"#"" cells are mainly responsible
for IFN-vy secretion, in retrovirus infected mice
CD90%™* and CD90 ™~ cells also contribute to IFN-
v secretion (Figure 4B). In addition, CD4" cells that
in normal mice showed a negligible contribution to the
number of cells secreting IFN-v sharply increase after
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Figure 2. MLN cells cytokine secretion profile. MLN cells were
cultured, fixed, permeabilized, stained and analyzed as described in
“Materials and methods” and the percentage of cells secreting
cytokines was studied (A). After gating on T, B or NK cell markers
the percentage of cells secreting cytokines was analyzed (B). The
exact level of signification using the two-tailed Student’s ¢ test is
shown for every marker. Open bars: control mice; filled bars murine
AIDS infected mice.

retrovirus infection (Figure 4C). Furthermore, while
in normal animals CD8™" cells seemed to be the main
source for IFN-y secretion, their contribution
becomes less significant after retrovirus infection
(Figure 4D).

Changes in surface markers expression on thymocytes of
retrovirus infected mice

It has been shown that retrovirus infection alters T cell
differentiation in humans, monkeys and cats (Stanley
et al. 1993; Su et al. 1995; Woo et al. 1997; Johnson
et al. 1998; Neben et al. 1999; Rosenzweig et al.
2000). In addition, studies in mice infected with LP-
BMS5 retrovirus have shown similar results character-
ized by a marked reduction in the percentage
of CD4"CDS8" thymocytes (Lopez et al. 1992a,b,
1993; Colombi et al. 1994; de Leval et al. 1995).
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Figure 3. MLN cells secreting IFN-y. MLN cells were cultured as
mentioned in Figure 2 and after gating on different T cell and NK
cell markers the percentage of cells secreting IFN-y was calculated.
The exact level of signification using the two-tailed Student’s 7 test is
shown for every marker. Open bars: control mice; filled bars murine
AIDS infected mice.

The present study has confirmed preliminary data
indicating the increase in the percentage of single
positive either CD4TCD8™ or CD4 CD8™ cells, and
has also shown increase in the percentage of double
negative cells (Figures 5A, 6A and D). Moreover, a
decrease in the total number of thymocytes in LP-
BMS5 infected mice (0.24 X 10% = 0.07 x 10% vs.
1.3 x 108 = 0.17 x 10, p=4.88 x 10 °) was also
observed. The percentage of CD4"CDS8~ cells
represented a 10 times increase over the normal
values and the percentage of CD4 CDS8" cells
represented a 15 times increase. By using three colors
staining and gating on single positive populations it
was shown that the percentage of cells expressing CD3
had significantly diminished, suggesting the simul-
taneous accumulation of immature and mature single
positive cells in the thymus (Figure 5A, 6B, C, E
and F).

Taking into account the expansion of CD4+*CD90 "
CD3" cells observed in the periphery (Holmes et al. 1990;
Lopez et al. 2002), it became important to analyze
whether the distribution of CD90 was also altered on
thymocytes. Gating on CD4 or CDS8 single positive cells,
and studying the expression of CD90 showed no changes
for CD4~ CDS8" cells. On the contrary, the percentage of
CD4"CDS8™ cells expressing CD90 decreased during
retrovirus infection, as did the percentage of CD4TCD3*
cells expressing CD90 (Figure 5B). Further analysis on
the expression of CD3 and CD90 indicated several



Mouse MILN and thymus cells after LP-BMS infection 253

A Normal
orma
A v::r_
P
=1
o 3
T =
=1,
= 1%
-
B
v«:h TD
= =h RIS
I o3R8 RI6
= =21 )
o5 N 4
i — o — 3
= =L
[e=] o] E
2 Chy i
w T 10
Z
= »
CDY0*
&
T T
= =1
(o] [ E
= =217
g ) 51
L = L — 3
= =
= =
= =2
-+
- CD4
w -
=2 2T ks :
o T R2
= =2 6.9
s o1
o - o — 3
= =1
= q:hDE o
= = s
10 10" 102 1% 107
FL1
>
CD8o*

Figure 4. Flow cytometry plots showing MLN cells secreting
IFN-y. Representative plots show different patterns of IFN-y
secreting cells after retrovirus infection. More CD3™" cells secrete
IFN-y after retrovirus infection (A). Not only CD90Mer* cells
secrete IFN-y in retrovirus infected mice but also CD90™"* (R15:
3.73 vs. 0.36%), and CD90™ cells (R8: 4.36 vs. 0.07%) (B). Fewer
CD4" cells secrete IFN-vy in normal mice than in retrovirus infected
animals, while the percentage of CD4 " cells secreting IFN-y may
not change in some mice (R14: 4.83 vs. 4.7%) (C). The proportion
of CD8™ cells secreting IFN-v nearly triples, while the proportion of
CDS8 " cells secreting IFN-y increases nearly 25 times (R8: 0.70 vs.
17.50) (D).

changes. Retrovirus infected mice had less thymocytes
expressing CD90 and more thymocytes expressing CD3
(Figure 5C). Concomitant with the increase in the
percentage of thymocytes expressing CD3, there
was an increase in the percentage of CD37CD90~ and
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Figure 5. Thymus cells phenotype. Thymocytes were stained and
their phenotype was analyzed by flow cytometry. The expression of
CD3 on CD4 and CDS8 cells is shown in (A). The expression of
CD90 was analyzed on CD4 and CDS8 cells (B). The double
expression of CD3 and CD90 was studied on thymocytes (C). The
exact level of signification using the two-tailed Student’s 7 test is
shown for every marker. Open bars: control mice; filled bars murine
AIDS infected mice.

CD3"CD90™" cells. Interestingly, both the percentage of
CD90""" CD3" and CD90™M8**CD3 " increased, while
the percentage of CD90"8""CD3", representing more
immature thymocytes decreased (Figure 5C, 6G and H).

It has also been shown that MLN T cells from
retrovirus infected mice presented an abnormal
expression of CD62L and CD44 (Lopez et al.
2002), raising the question whether or not T cells
in the thymus already displayed these markers in a
different fashion before migrating to the periphery.
Accordingly, after gating on either double positive, or
double negative or single positive thymocytes, there
was a decrease in the percentage of cells expressing
CD62L (Figure 7A). Furthermore, when the same
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Figure 6. Flow cytometry plots showing thymocytes surface marker
expression. The expression of CD4 and CD8 was studied on normal (A)
and retrovirus infected (D) mouse thymocytes. R2 represents CD4CD8
double positive cells (normal vs. MAIDS: 91.6 vs. 39.3%), R3 represents
CD4" CD8™ cells (4.9 vs. 30.5%) and R4 represents CD4~ CD8" cells
(1.2vs.9.0%). The percentage of CD3™ cells was calculated after gating
on CD4*"CD8™ cells (B and E) and after gating on CD4~ CD8" cells (C
and F). Changes in the expression of CD90 and CD3 on thymocytes are
shown for representative mice (G normal and H retrovirus infected). R2
represents CD90°V"CD3~ (48.7 vs. 22.6%), and R3 represents
CD90™e CD3 ™ (38.2 vs. 24.4%). R4 represents CD90'°*"*CD3" (2.6
vs. 12.3%), and R5 represents CDI0"E*CD3" (4.4 vs. 12.5%).

analysis was done for the expression of CD44, there
was an increase in the percentage of cells expressing
CD44 on the gated populations (Figure 7B).

Discussion

The present study continues previous work aimed to
unravel how retrovirus infection in mice disturbs the
immune system by deregulating cell proliferation,
differentiation and cytokine secretion. In this study
the observations on the changes induced by LP-BM5
infection on cytokine secretion were extended to two
cytokines that were not studied before in this model:
IL-7 and IL-16. IL-7 is known to be a crucial cytokine
for early T and B cell development (Hofmeister et al.
1999). Mice lacking either IL-7 or IL-7R a-chain
present a severe reduction in the number of cells in
the thymus and in peripheral lymphoid organs
(Hofmeister et al. 1999; Carvalho et al. 2001). Data
obtained in mice at an advanced stage of retrovirus
infection indicated that the proportion of IL-77 cells
diminished in the MLNSs of infected mice, as did the
percentage of CD3 cells expressing the IL-7 receptor
CD127. Studies in HIV infected individuals presented
a similar decrease in the expression of IL.-7 receptor,
especially on CD8 cells, that was associated with lack
of cytotoxic function against the retrovirus (Carini
et al. 1994; MacPherson et al. 2001). Interestingly,
antiretroviral therapy increased IL-7 R expression in
patients (Ferrari et al. 1995). Taken together, these
observations suggest that retrovirus infection down
regulates the host’s IL-7 secretion and IL.-7 receptor
expression to facilitate its own replication. Notwith-
standing, human studies have also shown that IL-7
can facilitate HIV replication suggesting that the
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Figure 7. Surface markers expressed on CD4CD8 thymocytes.
The expression of CD62L (A) and CD44 (B) was studied on
CD4CD8 double positive, single positive and double negatives
thymocytes. The exact level of signification using the two-tailed
Student’s ¢ test is shown for every marker. Open bars: control mice;
filled bars murine AIDS infected mice.
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cytokine can play a protective role for the host and for
the virus (Wang et al. 2005).

I1-16 is a cytokine secreted by a wide variety of
lymphoid and non-lymphoid cells that was originally
known as a T cell-specific chemoattractant factor
(Cruikshank et al. 2000). The results presented in this
study indicate that B cells are responsible for the
increased percentage of IL-16" cells. Studies in humans
infected with HIV indicated that II.-16 can inhibit
retrovirus replication and that any drop in IL-16 serum
levels can be associated with disease progression (Center
et al. 2000; Devadas et al. 2003). Moreover, the
possibility of using I1.-16 as part of the anti-retroviral
treatment in humans has been widely discussed
(Devadas et al. 2003). No conclusion can be made up
to the ability of mouse IL-16 to inhibit viral replication
from the data presented in this report. Besides, it is
known that IL-16 binds to its receptor CD4 and
preferentially induces the migration of Th1 cells (Lynch
etal. 2003). Therefore, it could be hypothesized that an
increase in IL-16 levels in the MLN will be associated
with an increased migration of CD4 Th1 type cells. Itis
not clear yet whether I1.-16 can have any inhibitory
effect on the migration of CD4 Th2 type cells to effector
sites. If that were the case, it could be speculated that the
retention of CD4 Th2 type cells involved in IgA B cell
help in the MLN, and their inability to home to the
intestinal lamina propria observed in previous studies;
was in part caused by the increased levels of IL-16
(Lopez et al. 2002). Thus, IL-16 increase in retrovirus
infected mice would be deleterious for the host since it
could interfere with maintenance of protective mech-
anisms at mucosal sites.

The increase in IFN-y secretion by lymphoid cells
of LP-BM5 infected mice has been extensively
investigated (Gazzinelli et al. 1992; Huang et al.
1993; Uehara et al. 1994). In this study, the aim was to
analyze whether or not one specific T cell subset was
the main responsible for the higher levels of cytokine
detected. Simultaneous analysis of surface markers
and cytoplasmic IFN-vy indicated that all T cell
subsets studied were activated to secrete the cytokine,
including CD90 CD4%, CD90"CD4" and CDS8"
MULN cells. These observations in retrovirus infected
mice contrast with data from non-infected animals
where only a few CD8™ cells and very few CD4™" cells
secrete IFN-v. It has been reported that CD90~ CD4™"
cells are not active at secreting certain cytokines like
IFN-v in healthy hosts (Cerasoli et al. 2001) none-
theless in retrovirus-infected mice they were actively
secreting IFN-y. Some studies have suggested that
CD90 " CD4" cells that proliferate in retrovirus-
infected mice are responsible for transmitting the
retrovirus after transfer into naive hosts (Kubo et al.
1992; Masuda et al. 1996). Therefore, retrovirus
infection could be responsible for CD90~CD4 " cells
activation to secrete cytokines. This unique subset
of T cells has been first identified in Peyer’s patches of

healthy mice (Harriman et al. 1990), in the spleens
of LP-BM5 infected mice (Holmes et al. 1990) and in
the thymus of Cas-Br-E MuLV infected mice
(Cerasoli et al. 2001). It has been suggested that
IFN-v increase in LP-BMJ5 infected mice may not be
the result of a protective immune response mounted
by the host; but of a retrovirus induced immune
deregulation (Uehara et al. 1994). In fact when mice
were infected with the retrovirus and treated with anti-
IFN-vy antibody the development of lymphadeno-
pathy, immunodeficiency and increased levels of
IgG2a were delayed (Uehara et al. 1994). These
findings could explain why CD90~ CD4™" cells only
secrete IFN-y after LP-BM5 infection.

Results obtained in this study showed an increase in
the percentage of CD3" cells expressing TNFR-p75
(CD120b) in the MLN of retrovirus infected mice,
that was associated with an increase in the percentage
of cells secreting TNF-a, while CD19™ cells expressed
higher levels of TNFR-p55 (CD120a). Current
knowledge suggests that signaling through TNFR-
p55 generally leads to cell death while signaling
through TNFR-p75 leads to cell survival although the
opposite is also true (Chan et al. 2000; Gonzalez
Baseta and Stutman 2000). Based on that infor-
mation, it could be concluded that higher levels
of TNF-a associated with increased expression of
CD120b favored the survival of infected T cells in this
model of retrovirus infection.

In previous studies, we have shown a decrease in the
number of thymocytes after LP-BM5 infection (Lopez
et al. 1992a,b) as well as a decrease in the percentage of
double positive CD4CD8 thymocytes (Lopez et al.
1992a) and the disappearance of the cortical areas of the
thymus 11 weeks after infection (Lopez et al. 1993). As
shown by us and by Moutschen’s group the diminished
percentage of double positive CD4CDS8 cells is
accompanied by an increase in the percentage of single
positive CD4"CD8~ and CD4 CDS8" thymocytes
(Lopez et al. 1992a; Colombi et al. 1994; de Leval et al.
1995). The triple staining analysis done in this study
allowed us to show that not all single positive cells found
in the thymus are mature and therefore express CD3, on
the contrary, immature precursors also accumulated.
These data suggest that murine retrovirus infection
interfered with intrathymic T cell differentiation. Elegant
studies on T cell differentiation have suggested two
alternative pathways leading to CD4CD8 double positive
cells. On one hand, it has been shown that CD4"
thymocytes developed from CD4 CD8"CD3~ thymo-
cytes that represent a transitional intermediate from
CD3 CD4 CDS8~ thymocytes to CD4"CD8"CD3"~
thymocytes (Smith 1987; MacDonald et al. 1988). On
the other hand, it has also shown the existence of
CD4tCD8 CD3~ thymocytes that can differentiate
into CD4tCD8"CD3~ thymocytes (Hugo et al. 1990,
1991; Wu et al. 1991). It is considered that both
intermediate stages require different post-selection
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processing for final development (Petrie et al. 1993). Our
data clearly indicated that both intermediates accumu-
lated within the thymus suggesting that the decrease in
the percentage of CD4"CD8™ cells could be the result of
the inability of transitional single positive intermediates to
differentiate into double positive thymocytes due to
retrovirus infection. Other retroviruses have shown
similar patterns of alterations in T cell differentiation.
Feline immunodeficiency virus induces cortical involu-
tion and decrease in the percentage of CD4tCDS8™
thymocytes (Woo et al. 1997). Similar results were
obtained after simian immunodeficiency virus infection
(Rosenzweig et al. 2000), and when immature CD3 ~
CD4"CD8™ thymocytes isolated from infected monkeys
were examined in the fetal thymus organ culture system,
they presented impaired thymopoietic potential (Neben
et al. 1999). Furthermore, the HIV-infected SCID-hu
mouse system has shown destruction of the cortical area
of the thymus, disappearance of CD4"CD8" cells and
indication that CD3 CD4"CDS8 progenitor were
destroyed intrathymically after HIV infection (Stanley
et al. 1993). Taken together, these data suggest that
retroviruses migrate to the host’s thymus to interfere with
early stages of T cell differentiation. Furthermore,
thymocytes that did acquire a mature phenotype either
CD4"CD8 CD3" or CD4 CD8"CD3" after LP-
BM5 infection also accumulated in the thymus and
presented an altered expression of CD44 and CD62L
that resembled the expression previously observed on
spleen and MLN lymphocytes (Muralidhar et al. 1992;
Lopez et al. 2002).

In summary, we can conclude that LP-BM5 uses
the immune system to reach the thymus where it
interferes with the generation of functionally mature
T cells, favoring the development of T cells with an
abnormal phenotype. These new T cells are activated
to secrete several cytokines that in turn will favor
retrovirus replication and inhibit any attempt of the
immune system to control infection.
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