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In neuronal cells, presenilin-dependent y-secretase activity cleaves
amyloid precursor proteins to release A peptides, and also cata-
lyzes the release of the intracellular domain of the transmembrane
receptor Notch. Accumulation of aberrant AB peptides appears to
be causally related to Alzheimer’s disease. Inhibition of Ap peptide
production is therefore a potential target for therapeutic interven-
tion. Notch proteins play an important role in cell fate determina-
tion in many different organisms and at different stages of devel-
opment, for example in mammalian T cell development. We
therefore addressed whether structurally diverse y-secretase in-
hibitors impair Notch function by studying thymocyte develop-
ment in murine fetal thymic organ cultures. Here we show that
high concentrations of the most potent inhibitors blocked thymo-
cyte development at the most immature stage. In contrast, lower
concentrations or less potent inhibitors impaired differentiation at
a later stage, most notably suppressing the development of CD8
single-positive T cells. These phenotypes are consistent with an
impairment of Notch signaling by y-secretase inhibitors and define
a strict Notch dose dependence of consecutive stages during
thymocyte development.

he enzyme +y-secretase catalyzes the generation of amyloid
beta peptides, AB(1-40) and AB(1-42), from amyloid pre-
cursor protein (APP) by a mechanism known as regulated
intramembrane proteolysis (reviewed in ref. 1). The aberrant
production of these peptides causes their deposition as plaques
in the brain, which have been associated with the pathology of
Alzheimer’s disease (AD). Accumulating evidence has recently
linked +y-secretase activity to the transmembrane proteins pre-
senilin-1 and -2 (PS1 and PS2), mutations of which have been
found to cause AD in the majority of familial cases of the disease
(2). A similarity of presenilins to aspartyl proteases has become
apparent as a result of several recent observations: First, y-secre-
tase activity was inhibited by mutations of either one of two
highly conserved aspartate residues in adjacent helices of PS-
transmembrane domains, which may constitute a catalytic do-
main (3-5). Second, pharmacological y-secretase inhibitors rep-
resenting aspartyl protease transition-state analogs directly bind
to PS1 and PS2, suggesting that presenilins indeed contain the
catalytic domain of a y-secretase complex (6-8). Finally, the
critical aspartates of presenilins are embedded in a motif that is
strikingly homologous to the active sites of bacterial polytopic
aspartyl proteases, the type-4 prepilin peptidases (TFPP; ref. 9).
While these properties have stimulated a search for y-secretase/
presenilin inhibitors for the treatment or prevention of AD, genetic
and functional evidence indicates that presenilins are also required
for the function of members of the Notch protein family. Notch-1
is a transmembrane receptor that is involved in cell fate decisions
in many species (reviewed in refs. 10 and 11). It is synthesized as a
large precursor protein that is proteolytically processed at three
sites. The final step involves a 7y-secretase, which cleaves at the
intramembrane domain to release the Notch intracellular domain
(NICD). This NICD in turn translocates to the nucleus where it
functions as a transcriptional coactivator for the CSL transcription
factor family. Although the y-secretases involved in the processing
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of APP and Notch have not formally been shown to be identical,
presenilins are clearly important for both proteolytic events (re-
viewed in ref. 12). Loss-of-function mutations of presenilin ho-
mologs in Caenorhabditis elegans or Drosophila mimicked Notch
deficiencies (13-15). In the mouse, the combined inactivations of
PS1 and PS2 caused embryonic lethality and skeletal and neural
defects highly reminiscent of Notch-1 knockout phenotypes (16,
17). AB production and Notch processing at the y-site were strongly
inhibited in PS17/~ and in PS17/7PS27/~ cells (18-21) or by
mutations of the strictly conserved aspartate residues in PS1 or PS2
(3-5, 22, 23).

Although these experiments demonstrate a close connection
between presenilins, y-secretase, and Notch function, potential
developmental defects of y-secretase inhibition might not be of
concern in the treatment of elderly AD patients. However, Notch
family members also play a role in the adult hematopoietic
system. Several Notch family members are expressed in hema-
topoietic stem cells and are potentially important for the self-
renewal of these cells, which is stimulated by Notch ligand
(24-27). Notch-1 has been found to play a role in B versus T cell
differentiation (Fig. 1). The conditional inactivation of Notch-1
in hematopoietic precursor cells resulted in a block of T cell
development at the earliest stage, coupled with aberrant expan-
sion of immature B cells in the thymus (28). Conversely, bone
marrow (BM) transfers performed with cells expressing a con-
stitutively active form of Notch-1 resulted in a loss of B-lineage
cells and the production of immature T cells in the BM (29).

The Notch pathway affects T cell development even after
T-lineage commitment (Fig. 1). Transgenic expression of an
activated form of Notch-3 caused the expansion of CD4~CD8~
[double-negative (DN)], immature thymocytes, and impaired
their progression to the CD4*CDS8" [double-positive (DP)]
stage (30). In contrast, an activated form of Notch-1 in thymo-
cytes promoted the differentiation of DP to CD4* and CD8"
[single-positive (SP)] cells and increased the ratio of CD8" over
CD4* SP cells in the thymus (31, 32). Constitutively active
Notch-1 also appears to favor af over yé T cell development
(33). Surprisingly, conditional inactivation of Notch-1 in imma-
ture thymocytes did not perturb T cell development (34).
Because the expression patterns of Notch-1, -2, and -3 overlap in
the thymus (35, 36), this result may reflect redundancy in Notch
signaling pathways. It is also not clear to what extent Notch-
signaling in T cells depends on presenilins and <y-secretase
activity, because Notch proteins may exert at least part of their
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Fig. 1. A model for Notch involvement in T-lymphoid development (modi-

fied from ref. 33). Notch signaling in lymphoid precursor cells in the bone
marrow and/or in the thymus favors T-lymphoid over B-lymphoid differenti-
ation. Notch also appears to bias the early differentiation of double-negative
(DN) T cell precursors toward the «f T cell lineage. Finally, Notch promotes
positive selection of double-positive (DP) to single-positive (SP) cells with a
predominant effect on the selection and/or survival of CD8 cells (see text for
details and references).

signaling function without a release of the NICD (37). The
inactivation of an upstream signal, such as cleavage by y-secre-
tase, might interfere with the function of all Notch family
members. To elucidate the importance of y-secretase activity in
controlling thymocyte maturation, we studied small molecule
inhibitors that blocked AB and NICD production in neuronal
cells for their effects on thymocyte development.

Materials and Methods

Fetal Thymic Organ Cultures. Embryos from timed pregnancies of
C57BL/6 (Taconic Farms) or OT1 T cell antigen receptor
(TCR) transgenic females (C57BL/6 genetic background; ref.
38) were isolated at day 14 of gestation. Thymic lobes were
harvested and cultured by using standard techniques (39). Pairs
of lobes were split onto transwell plates (Costar) for control and
test conditions as indicated in the text. After 3 days in culture,
half of the medium was replaced, maintaining the initial culture
conditions. Typically, lobes were harvested after 6 days in culture
and minced between frosted glass slides to prepare single-cell
suspensions. Cells were counted and analyzed by flow cytometry.
Control cells for flow cytometry were derived from thymi of
adult C57BL/6 or OT1 TCR transgenic mice.

Flow Cytometric Analysis. 1 X 10° to 1 X 10° cells were stained with
saturating concentrations of antibodies at 4°C for 30 min, using
combinations of the following mouse-specific antibodies: Phy-
coerythrin (PE)-conjugated anti-CD4 and FITC-conjugated
anti-CD8 (Caltag Laboratories, South San Francisco, CA),
biotinylated (BIO) anti-CD3e, BIO-anti-y6TCR, FITC-anti-
CD25, PE-anti-CD44, BIO-anti-B220, and BIO-anti-Va2
(PharMingen). Biotinylated antibodies were visualized by tricol-
or-conjugated streptavidin (SA-TRI; Caltag Laboratories).
Data were collected on a FACScan flow cytometer (Becton
Dickinson). All analyses were performed by using REPROMAC 2.3
software (TrueFacts Software, Seattle).

Results

y-Secretase Inhibition Impairs the Development of CD8 T Cells. PS1
and PS2 are abundantly expressed in thymocytes and splenocytes
of adult mice, as detected by Western blot analysis or by surface
and intracellular staining in flow cytometric analyses (data not
shown). The genetic inactivation of PS1 and PS2 in mice causes
early lethality (16, 17), which precludes the study of T cell
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Fig.2. Structure and activity of selected y-secretase inhibitors. ICso (nM) AB
refers to the compound concentration required to inhibit 50% of AB(1-40)
formation in human neuroblastoma cells.

development in these animals. We therefore took advantage of
pharmacological y-secretase inhibitors to study thymocyte de-
velopment in fetal thymic organ cultures (FTOC). T cell pre-
cursor cells from the fetal liver initially populate the thymic lobes
on day 12 of embryonic development. At embryonic day 14, the
lobes still contain mostly immature DN thymocytes that, upon
isolation and culturing of these lobes, recapitulate differentiation
and proliferation, closely following the in vivo developmental
pattern (40). After 6 days in culture, the lobes contain DN, DP,
and SP thymocytes with a CD4/8 profile already very similar to
that seen in thymocytes from adult animals.

We cultured individual thymic lobes in the absence or pres-
ence of the y-secretase inhibitor compound 1 (L-685,458; refs. 6,
41, and 42), which has been show to bind to PS1 and PS2 and to
inhibit y-secretase activity in neuronal cells with a half-maximal
inhibitory concentration (ICsg) of 29 nM (Fig. 2). The lobes were
harvested after 6 days in culture and analyzed by flow cytometry.
Fig. 34 (Upper) shows the CD4/8 expression profile of a
C57BL/6 control lobe cultured in medium with 0.1% DMSO (as
a solvent control), which is also representative of lobes cultured
in standard medium without DMSO (data not shown). A large
number of immature DN cells has progressed to the DP and SP
stages, showing a 1.8-fold excess of CD4 over CD8 SP cells on
average. Lobes treated with 10 uM compound 1 yielded slightly
lower cell numbers, but still supported thymocyte differentiation
to the SP stage (Fig. 34 Lower). However, the ratio of CD4 and
CDS8 cell numbers was consistently increased, showing a 5.6-fold
excess of CD4 over CD8 SP cells. The bar diagrams in Fig. 3B
graphically summarize the results of this experiment.

In a time course experiment (data not shown), inhibitor
treatment did not alter thymocyte development on day 3.
Extended cultures up to day 12 in the presence of 10 uM
compound 1 showed a change in CD4/8 ratios similar to what
was seen on day 6, but the cell recovery from individual lobes was
considerably reduced (=30% of controls).

To evaluate the effects of y-secretase inhibitors in more detail,
we used thymocytes from the OT1 TCR-transgenic mouse model.
The OT1 TCR specifically recognizes an ovalbumin peptide (SI-
INFEKL) in the context of H-2K®> MHC class I (38). In the absence
of peptide antigen, thymocytes are positively selected to the CD8™*
T cell compartment. Fig. 3C presents the CD4/8 profiles for FTOCs
from OT1 TCR mice, cultured for 6 days in the absence or presence
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Fig. 3. y-Secretase inhibition impairs accumulation of CD8 SP cells in FTOC.

C57BL/6 (B6) or OT1 TCR transgenic (OT1) thymocytes were isolated from
FTOC after 6 days of culture in the absence (control) or presence of 10 uM
compound 1. All cells were stained with PE anti-CD4 and FITC anti-CD8. In the
case of OT1, cells were additionally stained with BIO anti-Va2/SA-TRI to detect
cells expressing the transgenic TCR. Flow cytometric profiles for B6 (A) and OT1
(C) are shown as two-dimensional dot blots for the CD4/8 staining with each
dotrepresenting a live cell. Numbersin quadrants indicate percentages of cells
within respective thymic subpopulations. (B) Bar diagrams summarize B6
results for total cell recovery per lobe and for the relative representation of
thymocyte subpopulations, presenting mean values and standard deviations
(SD) obtained for nine control and five inhibitor-treated samples within this
experiment, which is a representative example of five independent experi-
ments. (D) Bar diagrams summarize OT1 results analogous to B, except that the
analysis of thymic subpopulations was electronically restricted to cells express-
ingthe OT1TCR (Va2-positive cells). Presented are the means and SD obtained
for five control and five inhibitor-treated samples within this experiment,
which is representative of three independent experiments.

of 10 uM compound 1. As expected, control lobes effectively
selected CD8 SP cells. In contrast, inhibitor treatment again
strongly reduced the number of CDS8 cells, whereas DP and CD4 SP
cells became much more abundant.

The increased representation of CD4 cells could result from
the assembly of TCRs containing products of rearranged en-
dogenous « chain genes, changing the specificity of the TCR and
permitting selection to the CD4 lineage by MHC class II
molecules. Alternatively, increased numbers of bona fide OT1
TCR-expressing cells could be aberrantly selected to the CD4
lineage as a result of decreased y-secretase activity. We there-
fore electronically restricted the analysis to cells that expressed
high levels of the transgenic TCR (recognized by antibodies to
the Va2 chain; Fig. 3D). Clearly, most of the CD4 and DP cells
isolated from the inhibitor-treated lobes still expressed the OT1
TCR, arguing for their aberrant selection. The representation of
CDS cells remained dramatically reduced.

These results, combined with previous results for the time course
experiment with C57BL/6 FTOCs, suggested that compound 1
might act primarily after progression to the DP stage. We tested this
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Fig. 4. Potent y-secretase inhibition causes an early block of T cell develop-

ment. C57BL/6 FTOC cells were analyzed after 6 days in culture in the absence
or presence of 1.1, 3.3, or 10 uM compound 2 y-secretase inhibitor. (A) Flow
cytometric profiles of live cells stained with a combination of PE anti-CD4, FITC
anti-CD8, and BIO anti-TCRy5/SA-TRI or PE anti-CD44, FITC anti-CD25, and BIO
anti-B220/SA-TRI. Numbers in quadrants indicate percentages of cells within
respective subpopulations. (B) Bar diagrams summarize results for the total
cell recovery and thymocyte subpopulations of fetal lobes from littermates
under the respective conditions. Shown is a representative example of three
independent experiments, presenting means and SD for the indicated sample
numbers (n). After determining the number of harvested cells per lobe, groups
of two or three thymic lobes treated with 10 xM compound 2 were pooled to
provide sufficient cells for flow cytometry, in which case n indicates the
number of pools. All other lobes were continuously handled separately.

hypothesis by culturing OT1 FTOCs for 3 days in control medium,
followed by a 5-day incubation in medium containing 10 uM
compound 1. As expected, even this delayed inhibitor treatment
perturbed the CD4/8 ratio almost as efficiently as continuous
inhibitor treatment for 8 days (unpublished observation).

Increasing Concentrations of a Potent y-Secretase Inhibitor Shift the
Block of Thymocyte Differentiation to Early Developmental Stages.
Considering the efficient block of T cell development by the
conditional inactivation of Notch-1 (28), the change in CD4/8 cell
ratios provoked by compound 1 presented a surprisingly mild
phenotype. Consequently, we chose a second, more potent y-secre-
tase inhibitor (Fig. 2; patent WO28268) for further C57BL/6 FTOC
experiments, and applied increasing concentrations to the cultures
(Fig. 4). The results of 6-day cultures in the presence of 1.1 uM
compound 2 were comparable with those observed when using 10
M compound 1 (Fig. 3), except that we recovered fewer cells and
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Fig. 5. Low concentrations of a potent y-secretase inhibitor affect the
accumulation of CD8 SP cells similarly to high concentrations of a less potent
inhibitor. OT1 TCR transgenic thymocytes were isolated from FTOC after 6
days of culture in the absence (control) or presence of 1.1 uM compound 2. All
cells were stained with PE anti-CD4, FITC anti-CD8, and BIO anti-Va2/SA-TRI.
The bar diagrams summarize results for total cell recovery per lobe and for the
relative representation of thymocyte subpopulations. Presented are mean
values and the range of results obtained for two control and two inhibi-
tor-treated samples, which is a representative example of three similar
experiments.

found reduced numbers of DP and CD4 cells as well as CD8 cells
(Fig. 4 A Top and Middle and B Left and Center). The reduction in
CDS cells became more apparent as we electronically excluded yd
T cells from the analysis, because yd T cells expressing CD8a-
homodimers contributed a larger percentage of cells under these
conditions than in control samples (data not shown). Concentra-
tions of 3.3 uM and 10 uM compound 2 further reduced the cell
recovery per lobe (Fig. 4B Left). Moreover, the differentiation of
immature DN cells to the DP or SP stages was impaired in a
dose-dependent manner, resulting in a profound block at the DN
stage in the presence of 10 uM compound 2. This early arrest of the
af T cell lineage was accompanied by an increase in the relative
representation of y8 T cells and cells expressing the B lineage
marker CD45R/B220. We also noted that a seemingly increased
number of CD8 SP cells under these conditions was due to the
increased appearance of large, immature CDS8 SP cells that are
considered to be cells in transition from the DN to the DP stage
(Fig. 4 A Bottom and B Center). To characterize this more profound
developmental block, we investigated the expression of the surface
markers CD44 and CD25, typically used to distinguish stages of
differentiation within the DN compartment. Precursor cells mature
from CD44%25~ to CD44*25* and subsequently extinguish CD44
expression. CD25 expression is normally lost upon successful
signaling from the pre-TCR, leading to the appearance of
CD44725 cells that rapidly gain CD4 and CDS8 expression (43).

Our analysis revealed that the arrest of thymocyte development
occurred at the earliest, CD44%25~ stage of differentiation (Fig. 4
A and B, Right). The result was again strictly dependent on the
concentration of the inhibitor.

The striking effect of 10 uM compound 2 could even be
appreciated by microscopic inspection of the cultured lobes.
After an initial expansion up to the third day in culture, the
inhibitor-treated lobes remained much smaller (~1/3) than
controls and their surface appeared smooth, whereas control
lobes developed a humped surface.

We confirmed this concentration-dependent effect of com-
pound 2 in OT1 TCR transgenic FTOCs. Compound 2 at 10 uM
again blocked the DN to DP transition (data not shown). The
effect of 1.1 uM compound 2 on the CD4/8 cell ratio was
emphasized in OT1 FTOC:: it strongly suppressed the accumu-
lation of CD8 SP cells (Fig. 5). We also allowed thymocytes to
mature from DN to DP cells in control medium for 3 days,
followed by treatment with low (1 uM) or high (10 uM)
concentrations of compound 2 (see Fig. 7, which is published as
supplemental data on the PNAS web site, www.pnas.org). As
expected, once the thymocytes passed the transition to the DP
stage, this potent inhibitor changed the CD4/8 cell ratio similarly
to experiments including high concentrations of compound 1.

Structurally Different y-Secretase Inhibitors Differ in Potency but
Consistently Affect Thymocyte Development in a Concentration-De-
pendent Manner. To demonstrate that the observed phenotypes
were specifically caused by the inhibition of y-secretase activity,
we tested another structurally distinct -y-secretase inhibitor,
compound 3 (Fig. 2; ref. 8), that exhibited very high potency in
amyloid AR cleavage assays. Consistent with our results for high
concentrations of compound 2, high concentrations of com-
pound 3 dramatically reduced cell numbers and arrested T cell
development at the DN, CD44 %25~ stage. This effect was again
accompanied by the increased relative representation of yé6 T
cells and B220-expressing precursor cells. In a titration experi-
ment, this highly potent compound blocked development at
concentrations of 200 nM (Fig. 6). A 10-fold dilution to 20 nM
permitted progression to SP cells, but again the CD4/8 cell ratio
was shifted, decreasing the representation of CDS§ cells, espe-
cially if yd T cells were excluded (Fig. 6, third panel). A further
dilution to a concentration of 2 nM allowed T cell development
to proceed seemingly unimpaired.

We analyzed a series of 12 additional, structurally diverse
inhibitors with different potencies, which recapitulated the en-
tire spectrum of results described for the selected inhibitors
presented in this report and confirmed that high concentrations
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Fig. 6.

Structurally diverse y-secretase inhibitors consistently affect thymocyte development in a concentration-dependent manner. C57BL/6 FTOC cells,

cultured in various concentrations of the y-secretase inhibitor compound 3 (0, 2, 20, and 200 nM) for 6 days, were analyzed as described in Fig. 4. CD4(—+y3) and
CD8(—v3) refers to SP cell numbers determined after electronically excluding TCRy$8-positive cells. Shown is a representative example of four experiments,
presenting means and SEM for the indicated sample numbers (n). Sample numbers refer to individual thymic lobes except for the condition with 200 nM
compound 3, where it refers to the number of pools consisting of 2-3 lobes used for flow cytometric analysis.
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of the most potent inhibitors blocked early T cell development,
whereas lower concentrations or less potent inhibitors impaired
the development of CDS cells (unpublished results).

Discussion

PS1, PS2, and Notch-1 inactivations in mice have been analyzed in
great detail for their effects on embryonic development, but the
early death of PS17/"PS27/~ and Notch-1~/~ animals has pre-
cluded comprehensive analyses of the importance of these genes in
various lineages. The recent discovery of potent y-secretase inhib-
itors, which specifically bind to PS-proteins, enabled us to study the
role of y-secretase/PS-function during T cell development. Al-
though these inhibitors are not suitable for in vivo administration,
the compounds could be applied to FTOCs, which faithfully
recapitulate thymocyte development in vitro, and present a well
established alternative to whole-animal studies. The versatility of
this system allowed us to test many different conditions, using
structurally distinct inhibitors at various concentrations, and to
evaluate their effects on different stages of T cell development.

Most strikingly, the potent inhibition of y-secretase (conditions
including 10 uM compound 2 or 200 nM compound 3) blocked
thymocyte development at the earliest, DN CD44 %25~ stage, which
is highly reminiscent of the phenotype observed following condi-
tional inactivation of Notch-1 in hematopoietic precursor cells (28).
These samples contained a high percentage of apoptotic or dead
cells (data not shown); however, we conclude from the selective
absence of the more mature but not the immature stages that these
inhibitors are not generally toxic to thymocytes. This conclusion is
underscored by the fact that adult thymocytes, cultured overnight
in the presence of the same inhibitor concentrations, do not show
increased cell death compared with controls (data not shown).
Moreover, our preliminary results indicate that fetal thymic lobes,
cultured for 3 days in high concentrations of compound 2 or 3, do
recover and permit differentiation of thymocytes to the SP stage if
transferred and cultured in control medium for an additional 5 days.
Most likely, the inhibition of +y-secretase impairs differentiation
and/or proliferation signals and thereby leads to apoptosis. This
notion is supported by the fact that an activated form of Notch-1
prevents glucocorticoid- or TCR-induced cell death of thymocytes
in vitro (44, 45). yd T cells do not go through a period of extensive
proliferation during their differentiation and do not depend on
B-selection, a differentiation signal for immature cells that success-
fully express a TCR S chain paired with a pre T « chain (46). These
cells may therefore be less affected by the inhibitor treatment.
Furthermore, we detected an increased relative representation of
immature precursor cells, expressing the pan-B cell marker
CD45R/B220 on their surface. Preliminary analysis revealed that
about half of these cells also express CD19, another marker that is
specifically expressed during early stages of B cell development.
However, we could not detect IgM expression (typical of mature B
cells) on these cells, suggesting that they represent early B-lineage
cells (data not shown).

Although this dramatic arrest in development is most likely
caused by a complete inhibition of Notch signaling, we still find
a small number of immature SP and DP cells in these cultures,
which may have developed from precursor cells that have already
received a maturation signal before the isolation of lobes on day
14. This interpretation is supported by our observation that even
a 2-uM concentration of the most potent compound 3 (which is
a 10-fold higher concentration than shown in this report) does
not further improve the block of differentiation. Lower concen-
trations of these potent inhibitors, or high concentrations of a
less potent inhibitor, permit thymocytes to progress in their
differentiation program. However, these conditions caused a
reduction of SP cells, especially of CDS cells.

These phenotypes are consistent with most predictions for the
effect of Notch inactivation by +y-secretase inhibition, but they
also shed light on somewhat controversial interpretations from
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previous studies of Notch. Robey and colleagues (31) found that
expression of a constitutively activated form of Notch-1 in
thymocytes strongly increased the number of CDS cells with a
concomitant decrease in CD4 cells, suggesting a role of Notch-1
in the CD4 versus CD8 lineage decision. Based on studies that
reduced Notch-1 expression to 10% of normal by employing
anti-Notch-1 antibodies or antisense RNA, Yasutomo et al. (47)
argued however that Notch-1 was only required for CDS8 cell
maturation following TCR-directed lineage commitment. Stud-
ies by Deftos and colleagues (32, 44) indicated that high-level
expression of another constitutively active form of Notch-1
increased maturation of both SP subpopulations, albeit with a
dominance of CD8 cells. In contrast, very recent findings by
Wolfer et al. (34) in Notch-1-deficient thymocytes argue against
a role for Notch-1 in any of those events.

Our results now position these disparate observations along a
continuum of Notch effects. A complete block of Notch activity
arrests T cell development at the earliest stage, low activity still
allows the transition from DN to DP stages, intermediate activity
permits positive selection to the SP stage, and only high-level
activity supports the accumulation of CD8 SP cells. Although
there is specificity in the function of Notch proteins, which may
normally be enhanced by their differential expression, the tran-
scriptional effects of these proteins clearly overlap (30, 32). We
suspect that conditional inactivation of Notch-1 in immature
thymocytes permits other Notch isoform signaling pathways to
predominate, a phenomenon that could not occur in cells
exposed to y-secretase inhibitors.

Detailed analysis of the effect of y-secretase inhibition on
gene transcription may permit assignment of the observed
effects to specific target gene functions. A strong candidate for
such a target gene is Hes-1, the inactivation of which caused an
arrest of T cell development at the DN stage (48). It is more
likely, however, that different, but possibly overlapping, subsets
of target genes will be responsible for the observed changes at
consecutive stages of differentiation.

In summary, pharmacological y-secretase inhibitors affect
thymopoiesis at multiple stages. Our ability to correlate potency
of these inhibitors in amyloid precursor protein (APP) cleavage
assays with efficacy in FTOC strongly suggests that these effects
are mediated by the block of NICD generation from Notch
proteins. Notch has been implicated through studies in trans-
genic mice and mouse mutants in at least four lymphoid differ-
entiation events: (i) B versus T cell determination, (i) matura-
tion of CD44+25~ precursor cells, (iii) differentiation of all SP
cells, and (iv) accumulation of CD8 SP cells (Fig. 1). Our results
within a single experimental system now show that these serial
stages of T cell development become increasingly dependent on
y-secretase and Notch activation. Intriguingly, those events most
closely associated with proliferation are the least sensitive to
y-secretase inhibition. Lastly, we note that the substantial dif-
ference in potency of y-secretase inhibitors on AB generation in
neuronal cells as compared with Notch function in T cells may
provide an important therapeutic window for y-secretase inhi-
bition in the treatment of AD. The development of compounds
that are suitable for whole-animal studies will permit direct
assessment of thymopoiesis.

Note Added in Proof. Independent studies by Hadland and colleagues
yielded similar results (49).
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