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ABSTRACT 

In this study, an organ culture chimera system was used 

to study the physiological role of Interleukin-7 (IL-7) in 

normal T cell development by antibody neutralization of 

cytokine activity. Additionally, the effect of IL-7 on HIV-

modified T cell development was studied. 

When chimeras were treated with anti-IL-7 for 3 day 

intervals, a differential effect was obse2rved. Early in 

culture, when the majority of the cells are CD4/CD8/CD3 

triple negative (TN), anti-IL-7 decreased the number of 

immature and mature cells. The CD44''CD25''TN cells were not 

able to make the transition to the CD44"CD25'' TN stage without 

IL-7. 

In contrast, when IL-7 is neutralized later in the 

culture period, when the majority of cells are in the doiible 

positive (DP) or mature single positive (SP) stages, the 

number of CDB" cells increases. These data suggest that in 

addition to its capacity to maintain the viability of the 

immature cells, IL-7 may actually hold the cells in the 

immature state. 

It has been suggested that HIV infection affects the 

ability to regenerate new T cells. Peripheral blood 

mononuclear cells (PBMC) from HIV-infected patients and 

uninfected controls were used as donor cells. The number of 
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matiire CD4, CDS and CD4/8 do\ible positive (DP) cells 

generated in the cultures derived from HIV-infected PBMC was 

diminished. This lack of development occurred even with 

blood from donors with a CD4 count of 1,000/|JIJ. Limit 

dilution experiments showed that the number of functional 

precursors in HIV-infected patients is lower than in 

uninfected patients. The CD3~ CDS* and DP T cells were not 

reduced unless the CD4 count was <250/ml. These data suggest 

that there is a block in T cell development at the DP stage 

in cultures derived from PBMC with CD4 counts. IL-7 

treatment resulted in a greater loss in the number of T cells 

produced by infected PBMC. 

These data show that while IL-7 plays a critical role in 

normal T cell development, it has the potential to increase 

the T cell depletion of HIV-infected individuals. 



CHAPTER 1: 

INTERLEUKIN-7 AND NORMAL T CELL DEVELOPMENT 
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INTRODUCTION 

The Thymus and T Cell Development 

The thymus is a gland positioned in the chest cavity 

above the heart. In neonatal animals the thymus is very 

large but it begins to atrophy around puberty by involution 

(1). The thymus is divided into two maj or compartments, the 

cortex and the medulla (2). The medulla occupies the central 

portion of the tissue and is comprised primarily of 

epithelial cells, a low density of lymphocytes, and some 

dendritic cells (3). The largest proportion of the thymus is 

comprised of the cortex which consists of epithelial cells, 

bone marrow-derived stromal cells such as macrophages and 

dendritic cells, and a dense network of thymocytes (3). At 

the outer rim of the cortex is the subcapsular layer where 

progenitor cells are thought to enter and begin the process 

of differentiation. Between the cortex and the medulla is a 

region called the cortico-medullary junction where the 

majority of the dendritic cells reside (3). The expression of 

MHC molecules of both classes is very high in the thymus on 

both epithelial cells and bone marrow-derived stromal cells 

(4). 

Two lines of evidence indicate that the majority of T 

cells develop in the thymus. First, removing the thymus very 

early in life prevents the appearance of T cells in 
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peripheral lymphoid organs (5). T cells also fail to develop 

in animals with congenital athymia like the nude mouse and 

patients with DiGeorge syndrome (6). Second, intrathymic 

labeling studies show that some thymocytes do leave the 

thymus and migrate to peripheral lymphoid compartments (7). 

Either thymectomy or congenital athymia cause no 

interference with B cell development (5). The extent of T 

cell depletion following neonatal thymectomy varies by 

species (5). In humans, the thymus begins to function very-

early in ontogeny and releases many T cells prior to birth (5). 

Therefore, neonatal thymectomy would have only a moderate 

effect on the total number of T cells in the periphery. In 

mice however, the thymus matures late in ontogeny (8) and 

neonatal thymectomy results in dramatic T cell depletion. 

Even athymic animals have some circulating T cells later 

in life. These T cells however have several peculiarities; 

the proportion of 004* cells is variable and often nonexistent 

(9), the expression of Vg genes fluctuates (10,11), and it is 

difficult to show MHC restricted cytotoxicity in these 

animals (12). While the origin of these T cells is unknown, it 

is clear that without a thymus, the development of T cells 

does not proceed normally. 

It was once believed that the thymus released immature T 

cells which then developed in the periphery. This theory was 

abandoned when in situ labeling of thymocytes showed that 
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very few cells leaving the thymus have the phenotype of 

immature thymocytes, co-e3<pression of CD4 and CDS (7). The 

vast majority of cells leaving the thymus expressed either 

CD4 or CDS and were fully functional at the time they exited 

the thymus (13). These results indicate that T cells are not 

just thymus dependent but thymus derived. 

The Study of T Cell Development. 

The study of T cell development can be accomplished 

using both in vivo and in vitro methods. Several mutant 

mouse strains exist with abnormalities of hematopoeitic 

cells; severe combined immunodeficient (SCID) mice are unable 

to perform gene rearrangement (14) due to a lack in DNA repair 

mechanisms and, therefore, lack mature B and T cells. Nude 

mice also lack T cells due to a thymic mutation (6) which 

prevents the normal development of thymic epithelial cells. 

These mice are useful recipients of purified siabsets or other 

experimental T cell populations for the study of T cell 

development. 

New mouse strains can be generated which are trainsgenic 

for particular genes. In transgenic mice, the transgene is 

constitutively expressed throughout embryogenesis and 

adulthood. In some cases, the promoter for the transgene is 

cell or tissue specific and restricts expression to a 

particular type of cell or developmental stage, as in the 



case of transgenes under the heavy chain immunoglobulin 

promoter which would be expressed in B cells that are 

expressing sxirface immunoglobulin. This constitutive 

expression of the transgene poses a disadvantage in the use 

of transgenic mice as it is possible that the expression of 

particular gene in an inappropriate cell type or at an 

inappropriate time could have effects which would mask its 

potential effects on T cell development. 

Another potentially useful method for the study of T 

cell development is the generation of "knock out" mice in 

which the gene of interest is deleted by homologous 

recombination (15). The "knocked out" gene is absent 

throughout embryogenesis and adulthood. Like the transgenic 

mice, this poses a disadvantage in the use of "knock out" 

mice as the temporal expression of a protein cannot be 

studied. Additionally, the lack of a protein during 

embryogenesis could be compensated for by another protein 

which has the capacity to perform the same functions, though 

it may not perform that function in the normal situation (15) 

Several systems are used to study the development of T 

cells in vitro. One type of culture system, the dispersion 

culture, involves the dissociation of intact thymus lobes 

into a single cell suspension (16). This system allows the 

use of purified subsets of thymocytes cultured in the 

presence of defined stromal cell types to examine the 
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consequences of particular cell-cell interactions. The 

disadvantage to this system is that thymocytes that have been 

removed from their normal environment may respond differently 

than those within an intact thymus. For example, thymocytes 

which are removed from the thymus spontaneously upregulate 

their expression of the T cell receptor. Additionally, a 

cell-cell interaction that can be created under these 

conditions may never occur in vivo. 

Monolayers of thymic stromal cells can be used to 

support the development of defined thymocyte subpopulations 

(16). However, thymic stromal cells cultured as a monolayer 

lose their ability to support all of the steps in T cell 

maturation, indicating the importance of the three-

dimensional cell interactions in the maintenance, or 

aquisition, of phenotypic characteristics. For example, T 

cell precursors can develop from CD4"CD8" cells to the CD4*CD8* 

stage when cultured with thymic epithelial cell lines but 

fail to develop into mature CD4 or CDS single positive cells 

(15) . 

Recently, Jenkinson et al have worked out a system of 

re-aggregation cultures in which multiple layers of defined 

stromal populations can be grown (16). These cultures can 

support the development of T cells but the developmental 

progression is very rapid compared to the in vivo situation. 
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This system has been used to successfully study selection 

events. 

Fetal thymus organ culture (FTOC) in which the intact 

fetal thymus is cultured provides an intact microenvironment 

for the support of thymocyte differentiation (16). Fetal 

thymus organ culture has been shown to develop T cells along 

the expected pathway and to provide all of the signals 

necessary for differentiation and selection. Organ culture 

is a closed system which is easily manipulated; cytokines, 

antibodies and other compoiands can be added to examine their 

effects on development. Unlike the transgenic or "knock out" 

mice in which the gene is constitutively expressed or missing 

from embryogenesis, one can add cytokine or neutralize its 

activity for very narrow periods of time and determine the 

effects on T cell development. 

The value of organ culture is increased by the 

construction of chimeras in which cells from various sources 

or purified populations can be added to a thymocyte depleted 

thymus. The ability of various cell types to develop in this 

system has provided a great deal of information on the 

progressive development of different subsets of thymocytes 

and other progenitor cells (16). This system has also been 

used to determine the effects of in vitro treatment with 

cytokines on the subsequent ability of cells to repopulate a 

thymus (17). 



23 

Origin of T Progenitor Cells 

The progenitor cells of the T lineage are derived from 

the hematopoeitic stem cells (HSC) which seirve as the 

progenitors for all hematopoeitic lineages. The HSC are 

thought to be capable of self-renewal as well as 

differentiation into multiple lineages (18). The mechanism by 

which the HSC can perform these two distinct functions is not 

clear, but the current paradigm is that the HSC self-renew or 

differentiate based on interactions with stromal cells in the 

hematopoeitic microenvironment. During the fetal life of 

mice, the first site of hematopoiesis is the yolk sac (day 8-

10) but, during ontogeny, the HSC migrate to the fetal liver 

(19). Late in ontogeny (day 16) the hematopoeitic activity of 

the fetal liver declines and HSC are found in the bone 

marrow, the hematopoeitic organ of the adult. 

The HSC which are derived from the fetal liver and the 

bone marrow appear to be qualitatively as well as 

quantitatively different. Human HSC from bone marrow which 

have been expanded with cytokines do not proliferate as well 

as HSC derived from fetal liver or vunbilical cord blood 

(HUCB) . Murine fetal liver and bone marrow have been shown 

to have different patterns of TCR-yS development. When 

repopulating an adult thymus, fetal liver HSC did not develop 

cells bearing V73 or VY4 as they did when repopulating a fetal 

thymus (19). The types of VY4 rearrangements made in cells 



24 

from fetal liver and adult bone marrow also differ (20). 

These results all suggest that the signals given by the two 

different hematopoeitic tissues, as well as fetal versus 

adult thymus, differ and/or that the HSC themselves have 

different capacities to respond to the same signals. 

The identification and isolation of the HSC has been a 

challenging undertaking. The HSC are a heterogeneous group 

with some being at a self-renewing stage and others committed 

to one of the hematopoeitic lineages. In mice which express 

Thyl.l, the Thyl.l^° SCAl^Lin' subset displays HSC activity. 

Even this subset of cells is heterogeneous (21). When 

purified and stained with rhodamine 123 (Rhl23), this subset 

of cells can be further divided into two groups; those which 

have high Rhl23 binding and appear to be committed to a 

granulocyte lineage, and those which have low Rhl23 binding 

and have long term repopulating capacity. Recently, evidence 

has been presented which suggests that a T committed 

progenitor, with the phenotype Thyl. 1^"^ ckit^°, is present in 

fetal blood (22). 

In humans, the HSC activity is in the CD34'^ pool of cells 

(23). Further purification of the CD34'' subset is required as 

this molecule is expressed outside the hematopoeitic system. 

Currently, the techniques rely on negative selection of 

various lineage markers as there is no specific marker of 

human stem cells. The majority of bone marrow cells co-
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expressing CD34 and CD7 are committed to the lymphoid lineage 

though some myeloid differentiation has been observed within 

this subset (23). 

All hematopoeitic lineages, with the exception of the T 

lineage, can develop within the hematopoeitic organ. T cells 

however, develop within the thymus as previously discussed. 

The HSC from the bone marrow or fetal liver must migrate to 

the thymus. The homing of T progenitors to the thymus is 

incompletely understood. Some evidence exists that there is 

a chemotactic response of HSC, perhaps to Stem Cell Factor 

(SCF) (24) or some other molecule. The mechanism and signals 

involved in a chemotactic response have not been definitively 

identified. Homing also requires the interaction between 

adhesion molecules that are involved in the binding of HSC to 

the vascular endothelia, the extracellular matrix, and thymic 

epithelia (25). The surface molecule, CD44, may have some 

binding affinity for lymphoid epithelia (26) and is thought to 

be expressed on lymphocytes which are migrating from one 

compartment to another (27). 

T Cell Differentiation Scheme 

The progressive development of cells in the thymus has 

been defined by the expression of surface molecules. While 

the relevance of the different markers is not completely 

understood, their expression aids in the study of mechanisms 
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of development. A siommary of the scheme for murine T cell 

development based on surface molecule expression is shown in 

Figure 1. The basic steps based on the expression of CD4 and 

CDS are found in hioman development as well, though the human 

equivalent of the triple negative (TN) inteianediates 

expressing CD44 and CD25 have not been unequivocally 

identified. 

The thymocyte precursors with the greatest potential to 

reconstitute a depleted thymus are the CD44'"CD25" sxabset of 

CD4/CD8/CD3 triple negative (TN) cells(28). These cells are 

the first cells to appear during development or after whole 

body irradiation and reconstitution and, therefore were 

thought to be the earliest precursors (29). Since these cells 

were shown to have a rearranged TCR-P locus (30), the search 

for an earlier precursor began. Wu et al (31) reported the 

existence of a CD44''CD25' precursor which expressed low levels 

of CD4 and had a germline TCR-P locus. These cells can 

slowly reconstitute both the ap and yd lineages. Therefore, 

the first cells which enter the murine thymus express c-kit 

(Stem Cell Factor receptor), CD44, and low levels of CD4. 

These cells are not committed to the T cell lineage and can 

produce B cells in Whitlock-Witte cultures and dendritic 

cells in colony forming assays (31). 

The expression of CD4 is quickly lost in the thymus 

while the expression of CD25 (a chain of Interleukin-2 
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Figure 1: Intrathymic T cell development scheme based on surface molecule expression. 
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receptor) increases to give rise to the CD44''CD25'' TN subset. 

This cell type can no longer produce dendritic cells or B 

cells and therefore, is T lineage committed (32). These cells 

are also preparing to undergo gene rearrangement of the p and 

Y chain of the T cell receptor (33). The transition of this 

stage to the CD44'CD25'^ TN stage is characterized by 

rearrangement of the P and y loci (33). These cells also no 

longer express c-kit (34). 

Aside from the primary developmental pathway of CD4 or 

CDS positive TCR-a(3 cells, there are two alteniative pathways 

of differentiation which give rise to the TCR-yS and the DN 

TCR-aP cells. The CD44'CD25* TN stage appears to be the point 

at which the T-cells and the minority apDN T cells branch 

off from the majority aP-TCR line (35). This stage also 

appears to be the point where the cells undergo P selection. 

P selection is the proposed mechanism whereby cells gain 

a positive development signal if they express a functionally 

rearranged P chain. The existence of a selection mechanism 

based on the expression of the p chain is suggested by 

several lines of evidence. Thymocytes from TCR-a mutant mice 

can differentiate to the DP stage (36). These cells display a 

higher level of productive p chain rearrangements than would 

be expected by random recombination. This suggests a 

selection event occurred in the absence of an a chain. The 

TN thymocytes from RAG-1 or TCR mutant mice display an 
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inability to develop past the CD44'CD25* TN stage in the 

absence of TCR-P gene rearrangement (37). Also in support of 

a P chain-mediated selection event, the addition of antibody 

to CDS in organ culture, which can mimic a normal signal 

transmitted through the TCR-P/CD3 complex, caused a 

transition of CD44"CD25'' TN cells to CD4/8 DP cells (37,38). 

The mechanism of P selection has not been worked out. One 

possibility is that the P chain forms dimers which bind some 

undefined ligand and deliver a signal. The expression of P 

dimers has been found in mice during development (39). The 

current postulation is that the P chain is expressed in 

conjunction with an invariant a chain, the surrogate a chain 

(Pta) , and that this complex binds an unidentified ligand. 

Pta knock out mice do not develop T cells past the CD44''CD25'' 

TN stage (40). Recently, a possible signaling protein 

involved in P selection was identified, the protein tyrosine 

kinase p56^'^'^ found in lymphocytes. Mice lacking this protein 

display limited development beyond the TN stage (41). These 

mice have a rearranged P chain locus but do not appear to 

rearrange the a chain genes. 

The CD44"CD25" TN cells then lose expression of CD25. 

These cells also begin to rearrange the TCR-a genes which 

will lead to the expression of the TCR/CD3 complex at the DP 

stage (42). These immature single positive (SP) cells express 

either the CD4 or the CDS co-receptor. 



30 

The next major stage is the doxible positive (DP) stage 

in which the cells express both CD4 and CDS as well as 

variable levels of TCR. This is the stage at which positive 

and negative selection occur. In positive selection, the TCR 

of the thymocyte engages MHC molecules on stromal cells of 

the thymus (43). If the TCR is capable of recognizing self-

MHC molecules, a positive selection signal, the nature of 

which is unknown, is transmitted to the cell. If the cell is 

incapable of binding self-MHC the cell does not receive this 

signal and will die by apoptosis. Positive selection is the 

mechanism whereby the T cell repertoire becomes MHC 

restricted; peripheral T cells can only respond to self-MHC 

plus antigen (44). If one favors the instructional model of 

development (45), positive selection also determines the 

future co-receptor expression of the cell. The binding of 

the TCR is accompanied by the binding of a co-receptor and 

the co-receptor which is present in the majority of complexes 

will be the one that is expressed throughout the life of the 

cell. If one favors the stochastic model of development (46), 

cells are already predisposed to express one or the other co-

receptor in maturity. Recent evidence suggests that elements 

of both of these models are involved in co-receptor 

commitment. CD4 expression may be the "default" co-receptor 

with CDS expression caused by a signal delivered through a 

Class I MHC-TCR interaction (47). 
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Negative selection is the mechanism that fulfills the 

other requirement of T cells; that they be tolerant to self 

(44). Negative selection is also dependent upon the binding 

of the TCR to MHC molecules. In this case, the strength of 

the binding determines the outcome (48). Cells which bind MHC 

with a high affinity are given a negative selection signal 

which results in the death of the cell. It is thought that 

positive selection can be mediated by several cell types in 

the thymus but that negative selection is mediated by the 

macrophages and dendritic cells at the cortico-medullary 

junction (49). The nature of the negative selection signal is 

also unknown but is thought to be by an active killing 

mechanism whereas death from the failure to receive a 

positive selection signal is by a passive mechanism (50). 

After the selection events, the cells will down modulate 

expression of one of the co-receptors. This stage is the 

mature single positive stage which is characterized by high 

levels of TCR/CD3 complex expression. These cells represent 

the CD4 and CDS cells which will migrate out of the thymus to 

peripheral lymphoid compartments. 

Cytokines in T Cell Development 

The developmental program of the T cell undoubtedly 

requires many signals, some of which are in the form of 

soliible molecules called cytokines. The role of cytokines in 
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T cell development has been extensively studied. Cytokines 

are molecules made by immune cells and stromal cells that 

have pleiotropic effects on a wide variety of other cell 

types. 

One mechanism for studying the role of cytokines in T 

cell development is to purify the different thymocyte siibsets 

and determine which cytokines they produce and which ones 

they react to in vitro. Using this methodology, Zlotnik et 

al (17) have shown that as cells move through the early 

differentiation events to the DP stage, they become less 

reactive to cytokines and produce fewer cytokines. In fact, 

when cells reach the CD44'CD25'TN stage they appear to under 

go what Zlotnik terms a programmed loss of immune fiinction 

prior to entering the DP stage. This "loss of fxinction" is 

not regained until after the positive and negative selection 

events have occurred. The cells which have moved into the DP 

stage will begin to express the TCR and the apparent loss of 

immime function may be a mechanism to prevent the activity of 

any potentially damaging self-reactive cells prior to 

deletion by selection. Since the DP cells do not react to 

cytokines, positive and negative selection probably do not 

involve cytokine mediated signals. However, the TN cells 

make, and respond to, many cytokine combinations which 

indicates that the role of cytokines in T cell development is 

probably in the early events. These studies show the 
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potential cytokine production and reactivity of thymocyte 

subsets but do not establish that these patterns are 

maintained in vivo. 

Another way to study the role of cytokines is the 

production of transgenic or gene deficient mice. In most 

cases, the cytokine "knock out" mice did not show the same 

abnormalities of T cell development that would have been 

predicted based upon in vitro studies. One possible reason 

for this discrepancy is the redundant nature of most 

cytokines. As mentioned previously, cytokines exhibit 

pleiotropic effects and many have overlapping effects. 

Additionally, many share receptor components such as the a 

chain for IL-7. IL-2, and IL-4 (51). If a cytokine is 

"knocked out" from the beginning of embryogenesis, another 

cytokine that has the same activity may be able to 

compensate. In this situation, while the "knocked out" 

cytokine may play a role in normal development, it may not 

be absolutely required. 

The only cytokine which has been shown to have an 

effect on early T cell development both in vitro and in vivo 

is Interleukin-7 (IL-7). IL-7 was first described as a 

growth factor for B cells (52) but was soon found to be 

involved in T cell growth and function (53) as well. A role 

for IL-7 in T cell differentiation has also been examined by 

a variety of strategies. 
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IL-7 was shown to induce proliferation of the 

CD44''CD25''TN subset of thymocytes. Perhaps more relevant, IL-

7 was reported to maintain the viability of these cells in 

vitro for several days and to maintain their capacity to 

reconstitute a fetal thymus in organ culture (54). Mice 

transgenic for IL-7 have increased numbers of early and 

mature B cells as well as T cells (55). Mice treated with 

antibodies to the a chain of the IL-7 receptor (IL-7R) 

displayed a large reduction in thymocytes and early B cells 

in the bone marrow (56). The numbers of peripheral T and B 

cells in these mice were reduced. However, the y chain of the 

IL-7R is not specific for the IL-7R but is shared with the 

receptors for IL-2 and IL-4 (51). Short term treatment of 

mice with anti-IL-7 resulted in the depletion of all B cells 

and a large proportion of T cells (57). Long term treatment 

resulted in a vast depletion of thymocytes with a failure of 

the TN cells to enter the CD44''CD25* stage (58). Mice with the 

IL-7 gene "knocked out" displayed severe reductions in T and 

B cells in the thymus, spleen, and lymph nodes (15). The 

thymus of these mice had predominantly TN cells that did not 

express CD25, indicating a block prior to P chain 

rearrangement. In none of these experiments was T cell 

development completely blocked which suggests that while IL-7 

is extremely important for noirmal T cell differentiation, 

some development can occur in its absence. 
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Specific Aims 

The chimera organ culture system provides an excellent 

system for the study of the physiological role of IL-7. The 

activity of the cytokine can be neutralized for defined 

periods of time and the effects monitored. We wanted to 

examine different points during development to determine the 

physiological role of IL-7 in T cell development. Based on 

the in vitro data, we expected that IL-7 would be important 

for the development of T cells. We also thought that IL-7 

may play an inhibitory role since the addition of high doses 

to organ culture decreased the number of mature cells. This 

study had 5 specific aims. 

1. Determine the role of IL-7 at various times in 

development. 

2. Establish that human cells also require IL-7. 

3. Identify the subset of cells which utilize IL-7. 

4. Determine the localization pattern for IL-7 in the 

thymus. 

5. Use IL-7 to expand progenitor cells ex vivo. 
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MATERIALS AND METHODS 

This section provides detailed descriptions of the 

methods that were used in conducting the work siammarized in 

this dissertation. 

Mice 

NODSzLt-scid/scid (kind gift from Dr.E.Leiter and Dr.D 

Serreze), CB.17-scid/scid (gift from Dr.L Shultz), 

C57B1/6.SJL (LyS.l congenic), and C57B1/6- scid/scid mice 

(Jackson Laboratory, Bar Harbor, ME) were bred and maintained 

in microisolator cages in the University of Arizona Animal 

Care facility. Timed pregnant C57B1/6 mice were obtained 

from the National Cancer Institute (Frederick, MD) . 

Human Sxibiects 

Human umbilical cord blood was collected by consent from 

live births at Tucson Medical Center. Blood was drawn from 

the umbilical cord or placenta into a 30mL syringe containing 

5mL sodium heparin. Blood was stored at room temperature 

prior to separation as stem cells lose some viability when 

refrigerated according to collaborators in Dr. Michael 

Schumaker's laboratory (Department of Pediatrics, University 

of Arizona). 
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Human Cord Blood Separation 

Blood separation was performed under aseptic conditions 

with extra precautions for working with human tissue. 

Peripheral blood was layered over Ficoll-Hypaque 

(Pharmacia) at a ratio of 3:1 in optically clear 50mL conical 

tubes. The cells were spun at 400 x g for 30 min. The white 

cell layer (between the red cells and the yellow plasma) were 

drawn off slowly, without drawing red cells, and placed in 

new tubes containing 14inL Hank's Balanced Salt Solution 

(Sigma) that did not contain calcium or magnesium (MCF HBSS) 

to prevent clumping. The cells were then spun for lOmin at 

300 X g, the supernatant poured off, new MCF HBSS added and 

this step repeated. These cells are the mononuclear cells. 

After resuspending in a small volume of MCF HBSS, the 

numbers of cells were counted by trypan blue dye exclusion. 

10|JIJ cells were added to an equal volume trypan blue and used 

to fill a hemocytometer. The number of cells in 1/25 of a 

field (small squares in center field) were counted on each 

side. The cell number was calculated as follows: 

(count 1 + count 2) * 25 = cells x 10^ per mL 

(cells x 10^ per mL) x volume = total cells 

The volume required to give the desired number of cells per 

piece of tissue was drawn off. The volume of these cells was 
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adjusted so that the total volume to be placed on each piece 

of tissue was 2fXL. 

Organ Culture 

Mouse fetuses were removed from the mother (sacrificed 

by cervical dislocation) and placed into petri dishes 

containing HBSS. The fetuses were removed from the uterus 

and amnion and placed into fresh HBSS. The fetuses were 

sectioned at the neck and under the arms and thymus lobes 

removed from this section with needles. The thymus lobes are 

located on either side of the esophagus just above the heart. 

The age of the fetus was determined based upon the degree of 

development of the forelimbs. 

Thymus lobes were placed in organ culture (Figure 2) on 

strips cut from Millipore filters (0.45|Jm pore) on top of 

Gelfoam (Upjohn, Kalamazoo, MN) rafts in Dulbecco's modified 

Eagle's Medium (DME) (Sigma, St.Louis, MO). The DME was 

supplemented with 20% FCS (Hyclone Laboratories, Logan ,UT), 

10|j.g/mL gentimycin, 250 U/mL penicillin, 100|ig/mL 

streptomycin, O.lmM nonessential amino acids, ImM sodium 

pyruvate, 2x10'^ 2-mercaptoethanol, and 3.4g/L sodiiam 

bicarbonate. Cultiares were maintained in a fully humidified 

incubator at 37°C with 5% CO^ in air. Thymus lobes from 
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FETAL THYMUS ORGAN CULTURE 

GelFoam Sponge Millipore Strip 

OC DME +20%FCS 

Fetal Thymus 

EXPLANT CHIMERA 

GelFoam Sponge Millipore Strip 

OC DME +20%FCS 

Fetal Thymus Fetal Liver or 

Bone Marrow 

Figure 2: Diagram for fetal thymus organ culture set-up (top) and explant chimera set-up (bottom). 
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C57B1/6 mice that were to be used for chimeras were treated 

with 1.35mM 2'-deoxyguanosine (Sigma, St.Louis, MO) for 5 

days to destroy bone marrow derived cells, then placed into 

fresh media. Thymus lobes from scid strains were not treated 

further. 

Explant or Sustaension Chimera Construction 

For chimeras using murine fetal liver: 

Fetal liver was removed from 13 day gestation fetuses. The 

liver was cut into Imm^ pieces which were then placed next to 

the thymus lobes in organ culture (Figure 2). 

For chimeras using murine bone marrow: 

The legs were removed from adult animals and the skin and 

muscle removed. The bones were cut on either side of the 

knee. The needle on a syringe filled with HBSS was inserted 

into the end of the bone and marrow blown out by pressing on 

the plunger forcefully. The marrow was then cut into Imm^ 

pieces and placed next to a fetal thymus lobe in organ 

culture for explant chimeras. 

For suspension chimeras, cord blood cells were placed on 

the individual lobes in 0.2|ilj aliquots (2|jIJ total volxame per 

lobe) allowing time between each aliquot (Figure 3). 



HANGING DROP CHIMERA 

SUSPENSION CHIMERA 

Millipore Strip 

OC DME +20%FCS 

Fetal Thymus PBMC 

Figure 3: Diagram of hanging drop chimera set-up (top) and 
suspension chimera set-up (bottom) 
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Hanging Drop Chimeras 

Hanging drop chimeras were constructed by making a 

suspension of the stem cell source and adjusting the cell 

concentration to 1x10^ per SOpL. The wells of a Terasaki 

plate were filled with of the cell suspension and the 

plate was inverted. Thymus lobes were then inserted into 

each drop with a flame-pulled pipette (Figure 3) . One must 

be careful not to introduce too much more liquid during this 

procediire as the drop will not maintain its cohesiveness. 

The plates were incubated for 24 hours in petri dishes with 

moist towels on the bottom at 37°C with 5% CO^. The lobes 

were then removed from each drop with a pulled pipette. At 

this stage, one must be careful to pull the lobe out of the 

drop without drawing up the fluid as the lobe will stick to 

the plastic of the plate and be very difficult to remove. 

Thymus lobes were washed in fresh media and placed in organ 

culture as described above. 

Cytokines and Antibodies to Cytokines 

Interleukin-7 was obtained from Genzyme (Cambridge, MA) . 

The cytokine was used at a concentration of lOOU/mL and was 

added to the media in the dish. Stem Cell Factor was a gift 

from Dr.E. Wedlock (Amgen, Thousand Oaks, CA) and was used at 

a concentration of 250ng/mL and was added to the media. 

Antibody to Interleukin-7 was a gift from Dr.T. Namen 
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(Iinmunex, Seattle, WA) and was used at 2|i.g/mL and was added 

over the lobes. This dose was tested in titration 

experiments and determined to have the greatest inhibitory 

effect in organ culture. A control antibody against a 

nonspecific Class II MHC (MDK6) was a gift from Dr.A 

Kruisbeck (Rotterdam, Netherlands). 

Flow Cytometry 

At the end of the culture period (12 days unless 

otherwise specified) , strips were placed in ImL collagenase 

(Clostridium histolyticum. Type V, Sigma Chemicals, St.Louis, 

MO; 0.4mg/mL in 0.2M phosphate buffer and 0.2mg.mL EDTA) . 

The tissue was inciibated for 30 min. The lobes were 

dispersed into a cell suspension by gentle aspiration through 

a Pasteur pipette. The cells were then placed in 9mL HBSS 

with 5% FCS to stop enzyme activity. This treatment yields 

most of the lymphocytes. To obtain the rest of the 

lymphocytes and the stromal cells, the remaining tissue 

fragments were treated with 0.12% trypsin (type II crude from 

porcine pancreas, Sigma Chemicals, St.Louis, MO) and the 

steps for collagenase digestion followed. The cells were 

washed twice in HBSS and 5% FCS for 5min at 600 X g. The 

cell number was determined by trypan blue dye exclusion as 

described for cord blood. 
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Cells from collagenase digestion were stained for three 

color flow cytometry with monoclonal antibodies to surface 

molecules CD3 (fluorescein), CDS (phycoerythrin), and CD4 

(Tricolor). Some murine cultures were also stained with 

antibodies to CD25 (fluorescein) and CD44 (phycoerythrin) for 

dual-parameter analysis. All monoclonals directed against 

human proteins and isotype controls were purchased from 

Caltag (South San Francisco, CA) while monoclonal antibodies 

directed against murine molecules and isotype controls were 

purchased from Pharmingen (San Diego, CA). Additionally, 

some experiments were set up for tracing of donor cells. 

Biotinylated antibodies to alleles of the Ly5 locus were 

obtained from Jackson Laboratories (Bar Harbor, ME). 

Fluorescein conjugated streptavidin was purchased from Caltag 

(South San Francisco, CA). 

The cells obtained from the harvest were aliquoted 

equally for all stain combinations. The isotype controls 

(0.25mg/mL), antibodies to CD4, CDS, and CDS (0.25mg/mL), and 

antibodies to CD44 and CD25 (O.Smg/mL) were added in 2|jIJ 

aliquots. The tubes were covered with aluminum foil, to 

prevent light quenching of fluorochromes, and incubated at 

4°C for Ih. The cells were then washed twice in ImL HBSS 

with 5% FCS for 5min at 1600rpm. The cells were fixed in 

0.5mL 1% paraformaldehyde in cacodylate buffer. 
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For experiments using the tracing marker, the first 

layer of staining included biotinylated antibody to Ly5.1 or 

Ly5.2 (lOfiL used at O.OSmg/mL), and the same CD4 and CDS 

antibodies described above. The incubation and wash steps 

are the same as described above. After the two wash steps 

the streptavidin (2|iL at 0.25mg/mL) was added and the cells 

incubated for 30 min then washed and fixed as described 

above. 

Cells (10,000 events) were collected on a FACScan flow 

cytometer (Becton Dickenson Iinmunocytometry Systems, 

Braintree, MA) and analyzed with Lysis II software. 

Lymphocytes were gated by forward (usually located between 

300 and 700) and side scatter (generally less than 200) 

characteristics and specific antibody staining of this 

population determined. Cells were analyzed for the 

coexpression of CD4 and CDS (dot plot). Quad markers were 

set based on the isotype control tiabe which should provide a 

dense population of negative cells. The CD4 and CDS subsets 

(8SP, 4/8DP, 4/8DN, 4SP) were gated and then independantly 

analyzed for CD3 expression. Markers were set on CD3 

histograms using the following steps. The location of the 

first marker, delineating negative cells, is determined by 

overlaying the histogram from the isotype control. The 

marker is placed where the test histogram and the control 

histogram intersect. Positive cells usually form a distinct 
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peak in the SP sxibsets and the subsequent markers were set by-

reasoning. Markers were set on untreated samples and used 

throughout the experiment. Cells which expressed little or 

no CDS were considered immature while cells which expressed 

intermediate to high levels of CDS were considered mature. 

Statistical Analysis 

Flow cytometric data was calculated on a per lobe basis. 

In many cases, particularly with explant chimeras, the cell 

yields of different experiments varied widely. In cases 

where the cell yields varied by more than half a log, 

experiments were analyzed independantly. Where possible, 

data were pooled and entered into a statistical program. Data 

Funnel provided by Sanford Selznick, which provided the mean 

and standard error of the mean for each data point. 

Immunofluorescence and Microscopy 

C57B1/6 fetal thymus lobes were imbedded in O.C.T. 

compound after 7 days of culture and frozen. Serial 9|Jm 

frozen sections were cut by Frank Walmsley (Histology 

Department, University of Arizona) and fixed in acetone for 

lOmin. Sections were stained with a rat antibody to 

Interleukin-7 (O.lfig) for SOmin at room temperature, washed 

with PBS, and stained with a fluorescein-conjugated goat 

anti-rat secondary antibody for SOmin at room temperature. A 
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rat anti-GR-1 antibody, used as a control, was added in the 

same manner. Slides were obsearved on a Leitz Aristoplan 

fluorescence microscope with a silicon intensifier camera 

attached. Microscope images were video captured by a 

PowerMac computer using Apple Video Player software. Both 

phase contrast and fluorescent images were captured for 

subcapsular and medullary regions of the tissue. In all 

cases, the light was opened to the camera at 100%, the 

fluorescein filter was in place, and the 40X objective was in 

place. 

Image Enhancement 

Images were transferred to Adobe Photoshop for cropping 

and a contrast filter (equalize) used to improve the 

visibility of the images. No other modifications were made 

to the images. 
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RESULTS 

Neutralization of Interleukin-7 in Fetal Liver Explant 

Chimeras 

Experiments using sorted sxibsets of thymocytes in vitro 

have shown that IL-7 can support TN cells and maintain their 

capacity to develop in organ culture. We examined the 

physiological role of IL-7 in intrathymic development by 

neutralizing the activity of the cytokine with a monoclonal 

antibody in organ culture. A desription of these experiments 

is shown in Figure 4. 

Murine fetal liver explant chimeras were treated with 

antibody to IL-7 or with an antibody directed against a non

specific Class II MHC. The antibody was added to cultures at 

3 day intervals and the cells analyzed for surface molecule 

expression on the last day of the interval (day 6 or 12 of 

culture). 

Six day cultures treated with control antibody produced 

a number of cells of all phenotypes (Figure 5A) . A large 

percentage of the cells expressed CD4 and the vast majority 

of these cells were of a mature phenotype 

(CD3intermediate/high) . There was a substantial percentage 

of cells expressing CDS, many of which were mature. These 

cultures produced a small percentage of DP cells. When anti-

IL-7 was added for the day 3-6 interval, the number of cells 



49 

METHOD FORSTUDYINGTHEROLEOFIL-JINNORiLTCELLDEVELOPMENT 

STAIN WITH MBODIES TO 

CD4, CDS, CD3, CD25, AND CD4 

FLOW CYTOMETRY 

SET OP HANGING DROP CHIMAS SET OP FETAL THMJS ORGAN CDLTDRE SET OP EXPIMT CHIMERAS 

AT THE END OF THE INTERVAL 

HARVEST COLTORES 

DETERHH LOCATION 

OF IL-7 EXPRESSION 

STAl WITH CONTROL 

ANTIBODY AND ANTI-IL-? 

TREAT WITH ANTI-IL-] OR CONTROL 

ANTIBODY FOR 3 DAY INTERVALS 

COT FROZEN 

SECTIONS 

Figure 4: Flow chart outlining the experiments conducted to study the role of IL-7 in T 
cell development 
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majority of the cells were still mature (Figure 5B). The 

frequency of CDS cells also decreased with an accompanying 

decrease in the proportion of mature cells of this subset. 

The frequency of DP cells in these cultures was higher but 

fewer of them expressed CDS. When calculated on a per lobe 

basis, the niimber of immature CD4 and CDS cells was lower 

with anti-IL-7 treatment at the day 3-6 interval (Figure 

6,7,8). The number DP cells and their products, the mature 

CD4 and CDS cells, was also diminished. Though the total 

nximber of DN cells increased. 

After 12 days of culture, there was a high frequency of 

mature cells in the CD4 and CDS subsets (Figure 9A) . These 

cultures also produced a substantial percentage of immature 

CD4, CDS, and DP cells. When treated with antibody to IL-7 

for the day 9-12 interval, the percentage of CD4 cells 

increased with no change in the frequency of mature cells 

(Figure 9B) . The frequency of CDS cells did not change but 

the frequency of mature cells in this subset increased. 

There was a decrease in the frequency of DP cells but a 

larger proportion of these cells expressed CD3. When 

calculated on a per lobe basis, the number of mature cells, 

particularly of the CD4 subset, was increased with anti-IL-7 

treatment at this interval (Figure 10,11,12). 
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A large proportion of cells in these cultures are in the 

iininature DN subset (Figure 5,9) and therefore can be 

considered TN cells. The expression of the TN intermediates 

in explant cultures is limited to the CD44*CD25' and the CD44" 

CD25' subsets (Figure 13), which represent the first and final 

stages of TN intermediates in the thymus (Figure 1) . The 

other two intermediates did not reach detectable levels in 

the three day interval cultures. 

Neutralization of Interleukin-7 in Fetal Liver Hanging Drop 

Chimeras 

The data in the literature for T cell development in 

organ culture chimeras was obtained from chimeras constructed 

using the hanging drop method. We customarily use an explant 

chimera organ culture system to obtain a constant source of 

incoming progenitors. Since the explant cultures did not 

express all of the CD44/CD25 intermediates, the primary 

targets for IL-7 activity, we decided to examine the effect 

of IL-7 neutralization in hanging drop cultures. 

The development of T cells in the hanging drop cultures 

was slower than in the explant cultures and all of the TN 

subsets were observed. In explant cultures, the immature 

cells developed early and their numbers declined as the 

mature cells arose (day 3-6 compared to day 9-12). In 

contrast, while immature cells developed in hanging drop 
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cultures, few mature cells developed within the 12 days of 

culture (Figure 14,16). The total number of cells which 

developed in hanging drop cultures was much lower than in 

explant cultures. 

After 6 days in culture, there were a large number of 

cells in the CDS and DP si±)sets, all of which were immatiire 

(Figure 14). The addition of antibody to IL-7 for the day 3-

6 interval resulted in a decrease in the number of cells in 

all subsets. 

When analyzed for the expression of CD25 and CD44, the 

day 6 cultures expressed cells of all four inteimediate 

subsets (Figure 15) . The number of cells in the CD44''CD25" 

and CD44"CD25" subsets was substantial whereas the number of 

cells in the other two subsets was much lower. Antibody 

treatment for the day 3-6 intejrval resulted in a decrease in 

all four subsets. 

The day 9 hanging drop cultures had a large number of 

immature cells of the CDS and CD4 subsets (Figure 16). The 

number of DP cells was also substantial. At this timepoint, 

there were also a few mature CD4 cells. Treatment with anti-

IL-7 at the day 6-9 interval decreased the number of cells of 

all subsets. 

At 9 days of culture, there was a large number of cells 

in the CD44''CD25" and CD44'CD25" subsets and fewer cells of the 

other two TN intermediate stages (Figure 17). Antibody 
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treatment at the day 6-9 interval resulted in a decrease in 

tiie nuipier of cells in tlie CD44~CD25* and CD44"CD25~ sxibsets. 

This decrease was accompanied by an increase in the number of 

cells of the stage preceding these two stages, CD44''CD25". 

There was no change in the CD44'"CD25' siibset with IL-7 

neutralization. 

Neutralization of Interleukin-? in Human Umbilical Cord Blood 

Chimeras 

To establish that IL-7 has a similar effect on human T 

cell development as on murine T cells we neutralized the 

activity of the cytokine in chimeras constructed using a 

suspension of PBMC from human umbilical cord blood (HUCB) . 

HUGE chimeras expressed high levels of CD3 on CDS, CD4, 

and DP cells after 12 days in culture (Figure 18). The 

number of mature cells in a 12 day culture was decreased by 

addition of antibody to IL-7 as was the number of immature DN 

cells. 

Expression of Interleukin-7 in Cultured Fetal Thymus bv 

Immunofluorescence 

To determine the location in the murine thymus where IL-

7 is expressed and can exert its activity, we stained frozen 

fetal thymus sections with an antibody to IL-7. 
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Sections were stained with an antibody to GR-1, which is 

not expected to be expressed in very high levels in the 

thymus, as a control. Figure 19A shows a phase contrast 

photo of the subcapsulax region. This region showed no 

specific staining with antibody to GR-1 (Figure 19B). 

Figure 2OA shows a phase contrast photo of the medullary 

region of the thymus stained with antibody to IL-7. The 

medullary region showed no specific staining with antibody to 

IL-7 (Figure 20B). In contrast, the subcapsular region 

showed extensive expression of IL-7 (Figure 21B). There 

appeared to be a few cells with cytoplasmic staining while 

the majority of cells showed membrane staining. 

Figure 22 summarizes the results obtained for the role 

of IL-7 in T cell development. 

Expansion of Progenitor Cells with Cytokines 

It has been shown that IL-7 and other cytokines can have 

effects on early thymocytes and their progenitors. The 

explant culture system provides a normal stromal cell matrix 

for the support of progenitor cell development and we wanted 

to try to expand the number of progenitor cells in this 

context. Syngeneic cultures were constructed using C57B1/6-

scid/scid thymus and adult bone marrow from a congenic strain 

with a Ly5 allele difference so that donor cells could be 
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Figure 19: Murine fetal thymus cultured for 7 days and stained with control 
antibody. (A) phase contrast photo of subcapsular region and (B) fluorescent photo 
of the same region showing a lack of specific staining. 4(X)X 
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Figure 20: Expression of InterIeukin-7 in medullary region of murine fetal thymus 
lobes cultured for 7 days. (A) phase contrast photo of medullary region and (B) 
fluorescent photo of the same region showing a lack of Interleukin-7 expression. 
400X. 
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Figure 21: Expression of Interleukin-7 in subcapsular region of murine fetal thymus 
lobes cultured for 7 days. (A) phase contrast photo of subcapsular region and (B) 
fluorescent photo of the same region showing widespread expression of Interleukin-7. 
4(X)X. 
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Figure 23: Flow diagram outlining the method used to expand T progenitors ex vivo. 
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traced. Figure 23 outlines the experiments perfoimed to 

expand progenitors. 

IL-7 and SCF were added separately or together to murine 

adult bone marrow pieces for 7 days before chimera 

construction or on the day of chimera construction. After 12 

days in culture, the cells were then analyzed for the 

expression of CD4, CDS, and CD3 . Cells were also analyzed 

for expression of the traceable marker in conjunction with 

the expression of CD4 and CDS. 

The number of donor cells in cultures where the bone 

marrow was precultured for 7 days was greater than in 

cultures where the bone marrow was not precultured (Figure 

24) . The addition of IL-7 to cultures at the time of chimera 

construction increased the number of donor cells compared to 

controls. The effect of SCF or the combination of the two 

cytokines on these types of cultures was not as great as IL-7 

alone. In the cultures where the bone marrow was pretreated 

with the with SCF, the number of donor cells was increased 

over untreated precultured controls and SCF-treated chimeras 

that were not pretreated. Pretreatment with IL-7 had no real 

effect on the number of donor cells. Pretreatment with the 

combination of the cytokines gave a dramatic increase in the 

number of donor cells. 

Bone marrow which is pre-cultured for 7 days prior to 

chimera construction was capable of developing a small 
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percentage of cells bearing CD4 and CDS after 12 days of 

chimera cultxire (Figure 25A) . The vast majority of these 

cells did not express CD3. Development of DP cells in these 

cultures was minimal. The frequency of cells in all subsets 

was not vastly different in cytokine treated cultures (Figure 

25.B,C,D) but the number of cells which developed was greater 

with cytokine treatment. When analyzed on a per lobe basis, 

differences in cytokine treated cultures could be observed 

(Figure 26,27). Pretreatment with SCF increased the number 

of immature CDS, CD4, DP, and DN cells. The number of mature 

CD4 cells was also higher in these cultures. Pretreatment 

with IL-7 had a negligible effect on the number of cells of 

any subset. The combination of the two cytokines, however, 

increased the number of immature cells of all subsets. The 

number of CD4, CDS, and DP cells bearing CD3 was also higher 

with the combination treatment. 

Like the chimeras from precultured bone marrow, the 

chimeras with bone marrow that was not precultured produced a 

small percentage of cells expressing CD4 and CDS (Figure 

2SA) . In contrast to the precultured bone marrow however, 

these cultures were predominantly mature. The addition of 

SCF to these cultures increased the frequency of CD4 and CDS 

cells but had little effect on either the level of maturity 
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of any subset (Figxire 28B) . Treatment of bone marrow 

chimeras with IL-7 yielded more total cells and resulted in a 

higher frequency of CD4 and CDS positive cells (Figure 28C) . 

IL-7 treatment did not affect the frequency of CDS expression 

of any subset. Treatment with the combination of the two 

cytokines gave a developmental profile much like the SCF 

alone treatment (Figure 28D). 

The cell yield of the cultures treated with cytokines 

varied by treatment. When calculated on a per lobe basis, 

all treatments were shown to increase the number of immature 

cells in all sxibsets (Figure 29,30). SCF treatment had 

little effect on the number of mature cells of any subset. 

IL-7 treatment increased the number of mature cells in the 

CDS subset. Treatment with the combination of SCF and IL-7 

was not vastly different from the SCF-treatment alone. 
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Figure 29: Subset expression of bone marrow chimeras treated with cytokines. 
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DISCUSSION 

Comparison of Untreated Exolant and Hanging Drop Chimeras 

The developmental profile of explant chimeras is very 

different from that of hanging drop chimeras. The first 

difference is that the hanging drop cultures produce far 

fewer cells. Another difference is the degree of development 

which occurs in the culture period. Explant cultures produce 

a number of mature cells in 12 days whereas hanging drop 

cultures do not. The hanging drop cultures have a delayed 

rate of development such that the TN intermediates accumulate 

to detectable levels in these cultures. 

These differences can be explained by the 

characteristics of the cultures. In the hanging drop 

cultures the progenitor cells only have a 24 hour period in 

which to colonize the thymus and only those cells which can 

enter the thymus in that amount of time will have the 

opportunity to develop. The cells which are present in the 

suspension are a very heterogeneous population including 

cells at multiple stages of commitment. Some of these cells 

may be unable to colonize the thymus due to a lack of the 

appropriate adhesion molecules such that, even though 10^ 

cells are in the inoculum, the number of cells ready to enter 

thymus could be much lower. The presence of cells which 

cannot colonize the thymus could interfere with cells which 
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would be capable of entering the thymus. The explant 

cultures on the other hand, have a continuous supply of 

progenitors from the explant. The HSC within the explant are 

able to continue their nomal development such that only 

cells which are ready to migrate will do so. Therefore, all 

of the cells which migrate to the thymus presumably are at a 

stage where they can develop, thereby increasing the niomber 

of potential progenitors. The hanging drop cultures are 

easier to interpret as only a single cohort of cells is 

differentiating at any one time. In contrast, the explant 

cultures can be more complex as there are potentially several 

cohorts of cells within the thymus at any given time. This 

situation is probably more closely representative of the in 

vivo situation. 

The delay in development in hanging drop cultures could 

be attributed to the types of cells which enter the thymus. 

Cells which would not normally migrate to the thymus may be 

able to colonize it when placed directly in contact. The 

development of these cells may take longer as they have to 

complete several "pre-thymus" development steps first. 

Alternatively, the low number of cells in these cultures may 

have effects on their development as a certain density of 

cells may be required for appropriate signaling. 
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Neutralization of Interleukin-7 

Neutralization of IL-7 in explant cultxires during the 

day 3-6 interval decreases the number of cells of immature 

phenotypes and their products, the mature cells. This result 

is expected since the majority of cells at day 3 are TN 

cells, the primairy target for IL-7. When the activity of IL-

7 is neutralized when cells are at the TN stage, they are 

unable to develop beyond this point. 

Analysis of the TN subsets in hanging drop cultures show 

that neutralization of IL-7 early, when a large proportion of 

the cells are in the first stages of TN development, results 

in a decrease in all subsets of TN cells. Neutralization of 

IL-7 a little later in development provides evidence for the 

cell type which requires IL-7 to continue development. At 

this stage, the last two TN stages decline while the 

CD44''CD25* subset increases. This result indicates that the 

CD44'"CD25'' cells need IL-7 to continue their development and 

without it they build up for a short time. These cells would 

most likely die by apoptosis eventually. 

The fact that IL-7 is required by the CD44'"CD25'^ cells 

which are beginning to rearrange the P and y chains of the T 

cell receptor may explain a recent article (59) claiming IL-7 

is required for gene rearrangement. An alternative 

explanation is that IL-7 maintains the viability of these 

cells so that they have time to rearrange the TCR genes. 
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Neutralization of IL-7 at the day 9-12 timepoint, when 

the majority of cells are beyond the TN stages resulted in an 

increase in the niiitiber of mature cells. This result 

indicates that IL-7 inhibits the development of mature cells, 

a possibility that was presented by another laboratory (60) 

that showed a high dose of IL-7 could prevent the development 

of mature T cells in organ culture. It is unclear how IL-7 

might be inhibiting the development of more mature cells but 

the inhibition appears to occur at, or prior to, the DP 

stage. One possibility is that IL-7 holds cells at an 

immature stage so that they cannot reach a self-reactive 

state prior to selection or until they reach the "programmed 

loss of immune function" stage. Another possibility is that 

IL-7 itself is the signal which initiates this program. 

These results show that IL-7 has a physiological role in 

T cell development. The cytokine acts on the CD44'^CD25" 

subset to maintain their viability and their development to 

the 0044X025* stage. IL-7 also holds cells in a less mature 

state by some mechanism which has not been delineated. 

The HUCB chimeras also displayed a depletion of cells 

with IL-7 neutralization indicating that human T cells have 

the same requirement for IL-7 that miirine cells do. 
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Localization of Interleukin-7 in the Thymus 

One proposal for the activity observed for IL-7 is that 

the cytokine is expressed in a particular area of the thymus 

where TN cells would predominate, the subcapsular region of 

the cortex. The cytokine would hold the cells in an immature 

state while they are within this area and perhaps provide 

some signal which makes them unresponsive as they continue 

their course through the cortex. As the cell migrates 

through the thymus it will move away from the area where IL-7 

is expressed. At this point it will come into contact with 

the cells that mediate the selection events at the cortico-

medullary junction. Since IL-7 is not expressed in this 

area, the cells are allowed to mature. 

For this hypothesis to have any validity, the 

expression of IL-7 would have to be localized to the 

subcapsular region. The thymus sections stained with 

antibody to IL-7 did indeed show expression only in the 

subcapsular region of the thymus. IL-7 expression here was 

very high while expression beyond this region was absent. 

These data provide some support for the above hypothesis of 

IL-7 activity. 

Expansion of Progenitors With IL-7 and SCF 

Both transplantation technology and gene therapy 

approaches face a difficult problem, to increase the number 
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of stem cells without driving their differentiation. The 

addition of cytokine combinations to increase the stem cell 

pool has been largely unsuccessful as HSC expanded in this 

way begin to differentiate (54). Currently, the cytokines 

which seem to drive cells to the desired lineage can be used 

to increase committed precursors but the maintenance of an 

uncommitted pool has not been realized. 

The explant system described in this paper provides an 

intact hematopoeitic environment complete with cell-cell 

interactions and soluble signals. The possibility exists 

that cytokine treatment in this context would be more 

successful than suspension cultures. Cytokine treatment 

alone can drive differentiation toward several lineages but 

differentiation toward T cells requires a thymus. The 

ability of a population of progenitors to generate T cells in 

organ culture is evidence of some multipotent activity. 

Since both SCF and IL-7 have been shown to act on early 

progenitors, we tested these cytokines for their ability to 

increase the progenitor pool in organ culture. 

When the stem cell source was treated with cytokines for 

7 days prior to addition of a thymus, the number of donor 

cells recovered from the chimera was much higher than when 

the cytokines were added when the chimera was constructed. 

In the pre-treated case, the donor cells represented 80% of 
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the cells recovered whereas donor cells were only 50% of the 

cells in the other case. 

When bone marrow was pre-treated with SCF the number of 

cells of an immature phenotype increased greatly. This was 

also true in the case where the bone marrow was not pre-

cultured. The pre-treatment of bone marrow with IL-7 

increased the number of mature cells only slightly while 

treatment of chimeras had more of an impact on the number of 

mature cells. These data suggest that in the context of their 

native stromal cell environment, progenitor cells can be 

expanded without driving their differentiation. These 

results also indicate that SCF acts on a more primitive 

precursor than IL-7. The pre-treatment with both cytokines 

simultaneously had the greatest impact on both immature and 

mature subsets probably by expanding separate subsets of 

cells. The SCF expands the more primitive precursors, then 

IL-7 expands these cells even more. The addition of both 

cytokines to chimeras reduced the impact of each cytokine 

alone. This indicates that in the context of the thymus 

there is some kind of antagonistic action between the two 

cytokines. Perhaps SCF holds cells at an earlier stage than 

IL-7, and the inappropriate expression of SCF interferes with 

the positive influences of IL-7 intrathymically. 



CHAPTER 2: 

HIV-MODIFIED T CELL DEVELOPMENT AND INTERLEUKIN-7 
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INTRODUCTION 

HIV Effects on T Cell Development 

Infection with the human immunodeficiency virus (HIV) is 

characterized by a depletion in the number of peripheral CD4" 

lymphocytes. It has been suggested that in addition to 

directly cytopathic effects of the virus that gradually 

disrupts the lymphoid organs, direct impairment of the stem 

cells and early T cell precursors may lead to an inability to 

regenerate T cells and a progressive decrease in the CD4 

cells within the peripheral compartments. 

As the primary site for fetal and neonatal production 

and selection of T cells, the fetal and neonatal thymus is 
+• 

the first site at which CD4 T cells are produced. As early as 

1985, it was shown that the thymus of children infected with 

HIV was atrophied (61). There was a severe depletion of 

lymphocytes, Hassal's corpuscles and thymic epithelial cells 

(62). Later work with thymic biopsies of pediatric AIDS 

patients showed early thymic involution (63). HIV-1 DNA could 

be isolated from the fetal thymus at 10-23 weeks of gestation 

(64). The infected cells were either CD4 cells or mononuclear 

phagocytes. In a recent study, a significant number of 

fetuses aborted from HIV-infected mothers were found to have 

abnormalities in the thymic cortex, which contain mostly 

immature CD4/CD8 do\ible positive (DP) thymocytes (65). In the 
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normal thymus, the development of DP cells is under the 

control of cortical thymic epithelial cells and, as in 

previous studies , these cells were abnormal. These changes 

in thymic T cell production and histology could be 

demonstrated even though there was little evidence of a high 

level of HIV in the tissue as assessed by immunofluorescence 

or in situ hybridization techniques (66). In a 3 day old 

neonatal subject, HIV-1 infection was detected by in situ 

hybridization, and quantitative flow cytometry (66). Double 
+• 

positive and CD4 CD8~ single positive (SP) cells were 

depleted, suggesting that HIV infection depletes T cells at a 

very early stage of their differentiation. Recently, a 

cytopathic variant of HIV which is tropic for thymic cells 

and is molecularly different from the variants found in the 

peripheral blood of the same patient was isolated (67). 

Though this study had only one patient, it provides evidence 

that HIV variants which preferentially infect thymocytes 

could be partially responsible for the depletion of these 

cells in some patients. 

Recently, model systems have been developed that employ 

a more direct approach to elucidate the mechanisms involved 

in the pathogenesis of HIV infection in the thymus. One of 

these models is the SCID-hu mouse, in which human fetal 

thymus is colonized with stem cells from human fetal liver 

under the kidney capsule of an immuno-incompetent scid/scid 
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mouse (e.g. C.B-17 scid/scid). Human T cells developing in 

these systems can be infected successfully with HIV, 

resulting in a thymic pathology that is very similar to that 

observed in pediatric HIV patients (68). For example, massive 

cortical involution with loss of DP and CD4 SP cells can be 

readily shown in the SCID-hu model after HIV infection. 

Indeed, the loss of CD4 thymocytes is greater than that seen 

using in vitro cultures infected with the same strain of HIV 

(68). This suggests that the intact microenvironment of the 

thymus, which is preserved in the SCID-hu system, may be more 

like the in vivo environment in which the thymocytes become 

infected. The patterns of infection in these mice were 

dependent upon the virus isolate used and the thymic subset. 

One isolate, HrVjjj.j,sF , displayed high viral infection of 

single positive CD4 and CDS thymocyte subsets but delayed 

infection of the DP cells while the highly cytopathic strain, 

HIVs„ , induced infection of the DP cells (68). Recently, we 

have reported an in vitro organ culture system for hioman T 

cell development that can be infected with HIV with similar 

results (69). 

In addition to thymocyte depletion, Stanley et al (70) 

reported thymic epithelial cell damage in HIV-infected SCID-

hu mice. The infection of thymic epithelial cells with HIV-1 

in vitro has been reported while others have been unable to 

repeat these experiments with the same isolate (71). 
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Difficulties in isolating a homogeneous population of thymic 

epithelial cells and differences in the methods of infection 

may account for these discrepancies. Recently, a clonal cell 

line of thymic stromal cells, BS-1, was infected with HIV-1 

(72). These observations suggest that the thymus of patients 

who have been infected with HIV is defective in its 

capability to support normal T cell development. 

In addition, HIV infection has been shown to diminish 

the capacity of bone marrow to generate new cells of the 

erythrocyte, granulocyte, and megakaryocyte lineages (73). 

0034" bone marrow cells have been shown to be susceptible to 

HIV-1 infection in vitro and, in some individuals, in vivo 

(74). Though only a subset of CD34 positive cells from the 

bone marrow of infected patients has been shown to be 

infected with HIV, the suppressive effect of HIV does not 

require either active or latent infection and is probably 

mediated by viral proteins. The viral load and type of virus 

play a role in the suppression as different isolates 

displayed different patterns of inhibition. Infected cells, 

or cells which have bound gpl20, produce TGF-P which could be 

associated with the loss of stem cell activity in HIV-

infected patients (75). Taken together, these data suggest 

that pre-thymocytes in HIV-infected patients have a 

diminished capacity to develop and that the thymus has a 

decreased capacity to support development. 
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Interleukin-7 and HIV 

Since Interleukin-7 (IL-7) has widespread positive 

effects on T cells and HIV infection results in a decline in 

T cell function and number, a role for IL-7 in treating HIV 

has been proposed (76). 

Interleukin-7 is capable of maintaining and inducing CTL 

responses (56), therefore, the down regulation of IL-7 

production or expression of IL-7 receptor (IL-7R) in HIV 

infection could result in a decrease in CTL activity. In 

fact, five HIV-infected patients displayed a reduced 

expression of IL-7R in both CD4'' and CD8* cells (77). The 

treatment of peripheral blood lymphocytes (PBL) from HIV-

infected patients with IL-7 increased their ability to 

perform env-specific cytotoxicity upon mitogen stimulation 

(78). A large percentage of HIV-infected patients can mount 

anti-gpl60 responses when vaccinated (79). Treatment of PBL 

from vaccinated and unvaccinated patients with IL-7 increased 

the response to both gpl60 and tetanus toxoid. These results 

suggest that the ability of IL-7 to stimulate antigen-

specific responses may aid HIV-infected individuals. 

Additionally, the ability of IL-7 to expand the number of T 

cells may restore the number of CD4' and CDS" cells in 

depleted patients. The alternative is that IL-7 induced 

proliferation could increase the level of infection of new 

cells and thereby increase viral burden 
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Specific Aims 

Without an in vitro model of T cell development, it has 

been difficult to determine the effects of HIV infection on 

the development of this lineage. The SCID-hu model uses 

human fetal liver and human fetal thymus, both possible 

targets for infection by HIV. The pathology in these mice 

therefore, probably results from HIV infection of both tissue 

types and is as complex as the normal human infection. We 

have used a xenogeneic in vitro organ culture system to 

examine the effects of HIV infection on T cell development. 

This system uses murine fetal thymus lobes as a recipient for 

progenitor cells in the peripheral blood (PBMC) of infected 

patients. Since HIV does not infect murine stromal cells, 

the use of murine fetal thymus in organ culture reduces any 

effect of HIV infection of thymic stromal cells on T cell 

development. The organ culture system should, therefore, 

isolate the effects of HIV infection on T cell progenitors 

from its effects on thymic stromal tissue. There were 5 

specific aims in this study: 

1. Determine whether PBMC from HIV-infected patients can 

develop T cells in the organ culture system. 

2. Determine whether the level of 004" T cell depletion 

experienced by the HIV-infected patient alters the capacity 

to develop T cells in the organ culture system. 
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3 . Deteormine whether HIV infection alters the number of T 

progenitors in the peripheral blood. 

4. Determine whether HIV infection affects the kinetics of T 

cell development. 

5. Examine the effects of IL-7 on the development of PBMC 

from HIV-infected patients. 
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MATERIALS AND METHODS 

Mice 

NODSzLt-scid/scid (kind gift from Dr.E.Leiter and Dr.D 

Serreze at Jackson Laboratories, Bar Harbor, ME) mice were 

bred and maintained in microisolator cages in the University 

of Arizona Animal Care facility. 

Hijman Sxibiects 

Male HIV-infected patients and iininfected control 

subjects were recruited from the Tucson Veteran's 

Administration Medical Center. HIV-infected patients with 

various levels of CD4 depletion {CD4 positive cells/jiL 

ranging from 1000-50) and on various regimens of anti-viral 

therapy (no therapy, D4T, zidovudine alone, or zidovudine in 

combination with DDC or DDI) were selected. Patients were 

categorized by CD4 count: (700-1200)^1000, (400-600) =500, 

(200-400)^250, (20-150) slOO. 

Human Peripheral Blood Separation 

Blood separation was performed under aseptic conditions 

with special precautions for working with HIV. 

Peripheral blood was layered over Ficoll-Hypaque 

(Pharmacia, ) at a ratio of 3:1 in optically clear 50mL 

conical tubes. The cells were spun at 400 x g for 3 0 min. 
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The white cell layer (between the red cells and the yellow 

plasma) were drawn off slowly, without drawing red cells, and 

placed in new tubes containing 14inL Hank's Balanced Salt 

Solution (Sigma Chemicals, St .Louis, MO) that did not contain 

calcium or magnesium (MCF HBSS) to prevent clumping. The 

cells were then spun for lOmin at 300 X g, the supernatant 

poured off, new MCF HBSS added and this step repeated. These 

cells are the mononuclear cells. 

After resuspending in a small volume of MCF HBSS, the 

numbers of cells were counted by trypan blue dye exclusion. 

10|iL cells were added to an equal volume trypan blue and used 

to fill a hemocytometer. The number of cells in 1/25 of a 

field (small squares in center field) were counted on each 

side. The cell nxamber was calculated as follows: 

(count 1 * count 2) * 25 = cells x 10'' per mL 

(cells X 10̂  per mL) x volume = total cells 

The voliame required to give the desired number of cells per 

piece of tissue was drawn off. The voliame of these cells was 

adjusted so that the total volijme to be placed on each piece 

of tissue was 2|iL. 
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Organ Culture 

Mouse fetuses were removed from the mother (sacrificed 

by cervical dislocation) and placed into petri dishes 

containing HBSS. The fetuses were removed from the uterus 

and amnion and placed into fresh HBSS. The fetuses were 

sectioned at the neck and under the arms and thymus lobes 

removed from this section with needles. The thymus lobes are 

located on either side of the esophagus just above the heart. 

The age of the fetus was determined based upon the degree of 

development of the forelimbs. 

Thymus lobes were placed in organ culture (Figure 2) on 

strips cut from Millipore filters (0.45|im pore) on top of 

Gelfoam (Upjohn, Kalamazoo, MN) rafts in Dulbecco's modified 

Eagle's Mediiam (DME) (Sigma, St.Louis, MO). The DME was 

supplemented with 20% FCS (Hyclone Laboratories, Logan ,UT) , 

10|J.g/mL gentimycin, 250 U/mL penicillin, 100|ig/mL 

streptomycin, O.lmM nonessential amino acids, ImM sodium 

pyruvate, 2x10'^ 2-mercaptoethanol, and 3.4g/L sodium 

bicarbonate. Cultures were maintained in a fully humidified 

incubator at 37°C with 5% CO^ in air. 

Suspension Chimera Construction 

For suspension chimeras, PBMC were placed on the 

individual lobes in 0.2^1^ aliquots (2nL total volume per 

lobe) allowing time between each aliquot (Figure 31). 



SUSPENSION CHIMERA 

GelFoam Sponge 
Millipore Strip 

OC DME +20%FCS 

Fetal Thymus PBMC 

Figure 31: Diagram for set-up of suspension chimera. 
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For limit dilution experiments, separate dishes were set up 

with log dilutions of the PBMC per lobe (e.g. 10^, 10^, 10*^) . 

Additions 

Interleukin-7 was obtained from Genzyme (Cambridge, MA) . 

The cytokine was used at a concentration of lOOU/mL and was 

added to the media in the dish. In some experiments, l|ig/mL 

or 10|ig/mL 3 '-azido-3 '-deoxythymidine (AZT) (Sigma, St.Louis, 

MO) was added to the organ culture media. 

Flow Cytometry 

At the end of the culture period (12 days unless 

otherwise specified), strips were placed in ImL collagenase 

(from Clostridium histolyticxom. Type V, Sigma Chemicals, 

St.Louis, MO) 0.4mg/mL in 0.2M phosphate buffer and 0.2mg.mL 

EDTA. The tissue was incubated for 30 min. The lobes were 

dispersed into a cell suspension by gentle aspiration through 

a Pasteur pipette. The cells were then placed in 9mL HBSS 

with 5% FCS to stop enzyme activity. This treatment yields 

most of the lymphocytes. To obtain the rest of the 

lymphocytes and the stromal cells, the remaining tissue 

fragments were treated with 0.12% trypsin (type II crude from 

porcine pancreas, Sigma Chemicals, St.Louis, MO) and the 

steps for collagenase digestion followed. The cells were 

washed twice in HBSS and 5% FCS for 5min at 1600rpm. The 
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cell mjmber was determined by trypan blue dye exclusion as 

described for cord blood. 

Cells from collagenase digestion were stained for three 

color flow cytometry with monoclonal antibodies to STJxface 

molecules CDS (fluorescein) , CDS (phycoerythrin) , and CD4 

(Tricolor). Some murine cultures were also stained with 

antibodies to CD25 (fluorescein) and CD44 (phycoerythrin) for 

dual-parameter analysis. All monoclonals directed against 

human proteins and isotype controls were purchased from 

Caltag (South San Francisco, CA) . 

The cells obtained from the harvest were aliquoted 

equally for all stain combinations. The isotype controls 

(0.25mg/mL), antibodies to CD4, CDS, and CD3 (0.25mg/mL) were 

added in 2fXL aliquots. The tubes were covered with aluminum 

foil, to prevent light quenching of fluorochromes, and 

inciibated at 4°C for Ih. The cells were then washed twice in 

ImL HBSS with 5% FCS for 5min at 1600rpm. The cells were 

fixed in 0.5mL 1% paraformaldehyde in cacodylate buffer. 

Cells (10,000 events) were collected on a FACScan flow 

cytometer (Beeton Dickenson Immunocytometry Systems, 

Braintree, MA) and analyzed with Lysis II software. 

Lymphocytes were gated by forward (usually located between 

300 and 700) and side scatter (generally less than 200) 

characteristics and specific antibody staining of this 

population determined. Cells were analyzed for the 
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coexpression of CD4 and CDS (dot plot) . Quad markers were 

set based on the isotype control tube which should provide a 

dense population of negative cells. The CD4 and CDS subsets 

(SSP, 4/SDP, 4/8DN, 4SP) were gated and then independantly 

analyzed for CD3 expression. Markers were set on CD3 

histograms using the following steps. The location of the 

first marker, delineating negative cells, is determined by 

overlaying the histogram from the isotype control. The 

marker is placed where the test histogram and the control 

histogram intersect. Positive cells usually form a distinct 

peak in the SP subsets and the subsequent markers were set by 

reasoning. Markers were set on untreated samples and used 

throughout the experiment. Cells which expressed little or 

no CDS were considered immature while cells which expressed 

intermediate to high levels of CDS were considered mature. 

Statistical Analysis 

Flow cytometric data was calculated on a per lobe basis. 

Data were pooled and entered into a statistical program, Data 

Funnel provided by Sanford Selznick, which provided the mean 

and standard error of the mean for each data point. 
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RESULTS 

Ability of Precursors in Peripheral Blood to Develop T Cells 

The ability of precursors in peripheral blood from HIV-

infected and \aninfected patients to develop T cells was 

examined in a chimera organ culture system. Experiments 

conducted are outlined in Figure 32. 

PBMC were placed on murine fetal thymus lobes in culture 

for 12 days. The resultant cells were analyzed for 

expression of surface molecules associated with thymic 

development. 

PBMC from iminfected patients developed at least twice 

as many cells as those from HIV-infected patients. This 

difference in cell yield was true regardless of the level of 

CD4 depletion or anti-viral therapy regimen of the infected 

patient. 

Single positive cells of both CD4 and CDS phenotype 

developed from uninfected PBMC after 12 days in culture. 

Both immature and mature cells developed within each subset 

(Figure 33A,34). There were also some DP cells in these 

cultures. In contrast to the results obtained with 

laninfected cultures, the frequency (Figure 33B) and total 

recovery (Figure 34) of mature CDS and mature CD4 cells were 

significantly decreased in cultures derived from infected 

PBMC. The total recovery of immature cells of the CD4 subset 



METHOD TO STUDY THE EFFECT OF HIV 
INFECTION ON T CELL DEVELOPMENT 

Set up suspension chimer^ 

Flow cytometry 

Stain with antibodies :o 

CD4, CDS, and CD3 

Treat with AZT Patients with differei 

levels of CD4 depleti^ 

Kinetics Limit dilution 

PBMC from HIV-infected 

and control patients 

Figure 32; Flow chart outlining experiments to determine the effect of HIV infection on the ability to generate T cells. 
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were also lower in cultures derived from infected PBMC. All 

of these subsets were decreased, even if the PBMC had a CD4 

count of 1,000/^.1. The production of immature DP cells was so 

variable, and the numbers were so small, that it was 

impossible to determine if there were reproducible changes in 

recovery of these cells after HIV infection. The production 

of immature CDS cells, however, was related to the degree of 

CD4 depletion of the patient (Figure 34). Cultures derived 

from PBMC of patients with high CD4 counts had control levels 

of immature CDS cells, while those from patients with low 

levels (below 250/|il) of CD4 were significantly decreased. 

These data indicate that even patients who display no CD4 

depletion and are not considered subjects for treatment have 

significant reductions in their capacity to generate new T 

cells. 

Inhibition of HIV Replication in Culture 

Since the CD4 population was consistently affected in 

cultures with HIV-infected PBMC, there was the possibility 

that the replication of HIV and subsequent infection of cells 

within the cultures was responsible for the observed 

decreases in T cell production. To examine this possibility, 

AZT was added to the cultures at concentrations of 1 |j,g and 

10|j.g/mL to prevent HIV replication. The lOjxg/mL dose gave 
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the same developmental profile as the lp.g/mL dose but was 

slightly lymphotoxic as shown by decreases in cell yield of 

uninfected cultxires. To prevent lymphotoxicity, Ijig/mL AZT 

was used in subsequent experiments. When AZT was added to 

the cultures, there was no significant change in the 

production of T cell subsets by the cultures from HIV-

infected PBMC (Figure 35). These data indicate that 

replication of the virus from previously infected cells is 

not responsible for the decreases in T cell development 

observed in organ culture. 

Relative Precursor Frequency in Uninfected and HIV-infected 

PBMC 

Limit dilution experiments were performed in order to 

determine if the failure of PBMC from HIV-infected patients 

to develop T cells was related to a loss in precursor cell 

activity. Figure 36 shows the development of immature cells 

not bearing CD3 and therefore derived from precursors. 

Substantial development in all T cell subsets occurred from 

uninfected PBMC with an inoculijm of 1X10^ cells . At the same 

dose, there were two-three times fewer cells of the CDS, DP, 

and DN subsets from HIV-infected PBMC with a CD4 count of 

approximately l,000/|i.l. No CD4 cells developed with HIV-

infected PBMC at this dose of PBMC. At higher doses, the 
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differences in T cell subset production between cultures 

derived from uninfected and infected P5MC was even more 

pronounced. These data suggest that there is a substantial 

decrease in the relative frequency of functional T cell 

precursors in HIV-infected PBMC. 

Kinetics of Development in Organ Culture 

It was possible that our results were due to a decrease 

in the absolute number of T precursors or to a decrease in 

the ability of equal numbers of precursors to differentiate. 

Therefore, we were interested in the kinetics of the 

development in cultures from HIV-infected PBMC to determine 

if development was delayed by infection. The CD3 expression 

in uninfected cultures showed that the kinetics of 

development of the CD3~CD8 and CD3~ CD4 cells through the DP 

stage and finally to CD3 CDS and CD3 CD4 occurs as expected 

in the uninfected cultures (Figure 37). That is, the CD3~ 

cells developed first, at 5-9 days of culture, followed by 

the DP cells shortly thereafter. The mature CD3 CD4 and 

CD3 CDS* SP cells then began to develop at 9 days and 

continuing to increase through 12 days. As the mature CD3 

cells were produced, their precursors declined. The presence 

of CD3~CD4'^ and CD3~CD8 cells in the control cultures and 

their sequential development into mature cells suggests that 

the latter were derived from T cell precursors rather than 
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contaminating mature T cells from the inoculum. 

In cultures derived from HIV-infected PBMC, the immature 

CDS and CD4 cells developed at the same time as control 

cultures but with fewer cells in each subset. The DP cells 

also developed at the same time as in control cultures. The 

difference between uninfected and HIV-infected cultures 

occurs in the development of mature T cells. A very small 

number of mature CDS cells were produced by 12 days of 

culture. A few DP and mature CD4 cells developed transiently 

at 9 days of culture, but by 12 days, these cells were not 

present. There was no delay in T cell development in HIV 

cultures. However, there was a block in development at the 

DP stage where cells would normally undergo positive 

selection. 

Effect of Interleukin-7 on HIV-Modified T Cell Development 

Since IL-7 has the ability to increase the number of 

progenitors and prevent apoptosis we wanted to test the 

ability of IL-7 to modify T cell development in chimeras 

derived from HIV-infected peripheral blood. 

Previously, lOOU/mL of IL-7 was shown to have positive 

effects on the development of human progenitors in organ 

culture. Chimeras were constructed with PBMC from patients 

with CD4 counts around 1000 and 50G/(JL and treated with 

lOOU/mL IL-7. 
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The number of cells in these cultures was very low and 

the treatment with IL-7 decreased the number of cells even 

further. IL-7 treatment of cultures derived from PBMC with a 

CD4 coxint of --l,000/|iL resulted in a decrease in all subsets 

(Figure 38) . The nxamber of CDS, CD4, and DP cells was so low 

it was difficult to determine whether the change was really 

significant. The DN siabset contained a significant number of 

cells which were decreased greater than 2-fold by IL-7 

treatment. 
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DISCUSSION 

PBMC From HIV-infected Patients Display Reduced Thymus 

Repopulation Capacity 

The present study shows that progenitors in PBMC from 

HIV-infected patients display a diminished capacity to 

generate T cells in an in vitro organ culture system. The 

total number of cells recovered was lower than controls 

regardless of the level of CD4 depletion of the patient or 

anti-viral therapy. Even patients who are considered 

immunologically normal were less capable of generating new T 

cells. These data suggest that HIV infection has an effect 

on T cell generation even before there is high viral burden 

and depletion of peripheral CD4 cells. This observation 

supports the contention that part of the eventual depletion 

of peripheral CD4 cells is a failure to generate new cells. 

The siabset expression of HIV-infected PBMC was also 

altered compared to uninfected controls. T cells which 

develop in the thymus progress from CD3~CD4 and CD3~CD8 

cells through the DP stage of development, and finally to the 

mature CD3 CD4 or CDS CDS stage. Uninfected organ cultures 

produced more CD3 CD4 cells than CD3 CDS cells. These 

findings confirmed our previously published results (80) in 

which mature and immature T cells were produced in this organ 

culture system regardless if precursors were derived from 
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PBMC, bone marrow or cord blood (80). In contrast, HIV-

infected PBMC yielded a CD4 /CD8 ratio which was much lower 

than the uninfected controls. This observation was 

especially true in the less severely CD4 depleted patients. 

The block in T cell development, like that seen in the SCID-

hu model, was at the DP stage. That is, these cells and their 

products, the CD3 CD4 and CD3 CDS cells were depleted. Also 
* 

similar to the SCID-hu model, the CD3~CD4 cells were lost. 

The CDS "CDS early T cell intermediates were still produced in 

cultures derived from PBMC of the less severely CD4 depleted 

patients. However, in those patients which had severe 

peripheral depletion of CD4 cells, there was very little 
• 

development of any kind, including the CD3"CDS cells. 

It has been suggested that HIV-infected patients should 

be treated vigorously and early, even prior to CD4 depletion 

(81). Our data and the data of others (73,82) show that HIV 

infection alters the capacity of bone marrow to develop new 

cells of all hematopoeitic lineages. This affect occurs 

early in the course of infection and probably increases as 

the disease progresses. Perhaps early treatment could reduce 

these detrimental effects of HIV on hematopoeisis. 

HIV-infected Patients Have Fewer Functional T Precursors 

The limit dilution experiments reported in this study 

clearly support the contention that there is a reduction in 



123 

the frequency of T cell precursors in HIV-infected 

individuals, even if peripheral depletion of CD4 cells has 

not yet begxm. There was substantial development of immature 

cells of all subset with an initial inoculum of 10^ cells in 

the uninfected cultures but ve2:y little development in the 

HIV-infected cultures, even at a log higher dose inoculum. 

These findings mimic our earlier work which showed that 

purified CD34 cells produced immature T cells not found in 

the peripheiry and that at least 10® cells from PBMC must be 

used before any T cells are produced (80). These data suggest 

that mature cells present in the original inoculum cannot be 

responsible for the T cells produced by the cultures. 

However, if a reduction in the niomber of functional 

precursors in PBMC was completely responsible for the 

observed decrease in T cell production, one would expect that 

all subsets would be reduced equally. In fact, the CD4-

bearing cells were more affected than the CD8-bearing cells 

in the patients with less CD4 depletion. This result 

suggests that in addition to the loss of progenitor activity, 

there is a loss in culture of cells which bear CD4. 

Infection of CD3"CD4~CD8~ TN progenitors has been shown 

in vitro, and these cells could be subdivided into 

susceptible and resistant siibpopulations based on their 

expression of CDl; positive cells were susceptible to 

infection and destruction by HIV (83). These results are of 
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some interest, since the susceptible cells do not express 

readily detectable levels of CD4. The infection of these 

cells by HIV can be blocked by soluble CD4 (84), indicating 

that the CD4 molecule is present and mediates infection 

though CD4 is not detectable. Indeed, there is evidence that 

bone marrow cells can be infected with HIV at a very low 

multiplicity of infection, resulting in a loss of progenitor 

activity for BFU, CFU-GM, and T cell colony forming cells 

(73). This loss of hematopoeitic stem cell activity also 

occurred if purified CD34 hematopoeitic stem cells were used 

(82). 

Some HIV-infected CD34 cells can be detected in the bone 

marrow of a subset of infected patients (74). CDS 4* cells of 

the bone marrow have also been shown to make Transfojrming 

Growth Factor-P (TGF-p) in response to the binding of gpl20 to 

CD4 on their surfaces even in the absence of productive 

infection (75). TGF-p is a potent negative regulator of 

hematopoeisis which acts by inhibiting entry into cell cycle 

(85) and by inducing apoptosis (86). The TGF-P production by a 

few affected CD34 cells could have effects on neighboring 

cells of the bone marrow to reduce the number of functional 

progenitors. TGF-p made by CDS4 cells has been shown reduce 

the number of fimctional progenitors of the myeloid and 

erythroid lineages (73) and the data shown in this paper 

suggest that this mechanism may also have an effect of 
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progenitors on the lymphoid lineage. The presence of TGF-P-

producing cells in the thymus could also have inhibitory 

effects on thymic development, and may account for the loss 

of T cell production in organ cultures derived from infected 

PBMC. 

Block in Development at the DP Staae in Culture 

The mechanisms by which HIV causes thymocyte depletion 

are not clear, although recent data suggest that the number 

of CD4 cells lost in the thymus are greater than the number 

of productively infected cells (87). This result has led some 

investigators to suggest that indirect mechanisms are 

responsible for the loss of T cells rather than the 

cytopathic activities of the virus (87). One of these indirect 

mechanisms is apoptosis induced by the binding of virus or 

viral products (e.g. gpl20) to activated T cells (88). This 

is a possible mechanism to explain the mass depletion of DP 

cells in the thymus, which are normally very sensitive to 

apoptosis induced by cortico-steroids or signaling through 

the T cell receptor (TCR). Crosslinking of CD4 molecules, as 

would be expected to occur in HIV- infected peripheral T 

cells, results in the upregulation of apoptosis-inducing cell 

surface molecule, Fas (89). Double positive thymocytes in the 

mouse are susceptible to deletion by FAS-ligand, even though 
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the loss of FAS or FAS-ligand in the Ipr and gld mutants do 

not affect T cell development (90). 

Using the SCID-hu model for HIV infection, the 

destruction of thymocytes was attributed to apoptosis of 

uninfected cells, as well as to the direct destruction of 

immature CD3~CD4*CD8~ progenitors by infection with the virus 

(91). In preliminary experiments using our organ culture 

system, we were unable to detect HIV using the RT assay in 

the plasma of any of our patients. However, we were able to 

detect viral production in organ cultures derived from 

severely CD4 depleted (<50 CD4/mL) PBMC. Thus, although the 

overall production of T cells was severely curtailed, even in 

patients with no2nnal levels of CD4 cells in the periphery, we 

were able to correlate the loss in non-CD4-bearing T cells, 

namely the CDS CD3~ cells, with the production of virus in the 

organ cultures. These data indicate that the ability of the 

hematopoeitic system to develop T cells decreases as HIV 

infection progresses. 

In spite of this observation, cultures derived from 

infected PBMC (about 200 CD4/|XL) treated with AZT produced 

the same low numbers of T cells as untreated cultures. If 

replication of the virus within the culture was completely 

responsible for the observed differences in T cell production 

between cultures derived from HIV-infected and uninfected 

PBMC, then one would expect a substantial increase in the 
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number of CD4 cells produced by AZT treated cultures. The 
• 

fact that a few CD3~CD4 cells were transiently produced (at 

6-9 days) in untreated organ cultures derived from PBMC from 

HIV-infected patients with a CD4 count of 350/jiL suggests 

that the some immature cells escape depletion by virus 

infection in these cultures. However, even these cells were 

lost in long-term cultures {12 days), suggesting that a viral 

product that is produced during the course of the culture is 

involved in the prevention of T cell development beyond the 

DP stage. 

Therefore, it is likely that the differences seen in 

uninfected and infected PBMC to support CD4 vs. CDS T cell 

development are due to the accumulation of viral products 

during the culture as well as a decrease in the ability of 

the hematopoeitic systems of the patients to produce 

functional precursor T cells. The former deficit may be due 

to the effects of toxic siabstances such as gpl20 produced by 

low levels of virus that interferes with positive selection 

of CD4* cells at the DP stage of T cell development. The gpl20 

may compete with MHC II molecules on thymic stromal cells for 

CD4 on the immature T cell surface. The gpl20 may also kill 

the CD4'^ cells directly, accounting for the loss of CD3~CD4 

cells in the cultures. In preliminary experiments using 

organ cultures derived from uninfected human cord blood as 
7 

the source of T cell progenitors, we have found that a 10 M 
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concentration of gpl20 prevents the development of CD4 cells. 

These data suggest that the production of CD4 cells can 

indeed be blocked by gpl20 alone. The loss of CD3 CDS"^ cells 

in cultures derived from patients with very low CD4 counts 

may be due to effects on the hematopoeitic system by high 

viral loads that deplete CD34'" stem cell production or 

activity to an even greater extent than at earlier stages of 

infection. 

Effect of Interleukin-7 on HIV Modified T Cell Development 

Due to its widespread positive effects on T cells, a 

therapeutic role for IL-7 in HIV infection has been proposed 

(76). There are several possible effects of IL-7 in the 

thymus during HIV infection. The first is that IL-7 could 

expand the number of functional precursors that remain in an 

infected individual and thereby increase the T cell 

regeneration capacity of these individuals. In conjxinction 

with this activity, IL-7 could prevent apoptosis induced by 

viral products to increase the pool of developing thymocytes. 

On the other hand, the proliferation induced by IL-7 could 

increase the amount of viral infection in the thymus and 

increase the amount of depletion occurring. Where IL-7 may 

have a positive effect on HIV-infected cells in the 

periphery, the effect in the thymus could be ultimately 

detrimental. 
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Our results indicate that IL-7 does in fact have a 

detrimental effect on the development of HIV-infected 

peripheral blood. Whether this action is direct or indirect 

is not clear. The proliferation of cells in response to IL-7 

would be an ideal situation for the infection of new cells 

from any virus produced by a minority of already infected 

cells. 

The possibility that IL-7 would block apoptosis induced 

by viral products was not supported in this study. The 

presence of a viral product which can induce cell death is 

almost assured by our results and that of others. Perhaps 

the mechanism of apoptosis induced by viral products is not 

the same as the mechanism of apoptosis influenced by IL-7. 

These results suggest that while the use of IL-7 in 

adjuvant for vaccination to increase the memory response in 

HIV-infected patients may have some positive effect, 

widespread administration of the cytokine could result in a 

more rapid depletion of the T cell pool. 
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