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ABSTRACT. Mammalian presenilins (PS) consist of two highly homologous proteins, PS1 and PS2. Because
of their indispensable activity in thg-secretase cleavage of amyloid precursor protein to genefate A
peptides, inhibition of PS/-secretase activity is considered a potential therapy férbfockage and
Alzheimer’s disease intervention. However, a variety of other substrates are also subject to PS-dependent
processing, and it is thus imperative to understand the consequences of PS inactivation in vivo. Here we
report a pivotal role of PS in hematopoiesis. Mice heterozygousP®t and homozygous foPS2
(PS1-PS27/") developed splenomegaly with severe granulocyte infiltration. This was preceded by an
overrepresentation of granulocytic cells in the bone marrow and a greatly increased multipotent
granulocyte-monocyte progenitor in the spleen. In contrast, hematopoietic stem cells and T- and
B-lymphocytes were not affected. Importantly, treatment of wild-type splenocytes wjtsexretase
inhibitor directly promoted the granulocytenacrophage colony-forming unit (GM-CFU). These results
establish a critical role of PS in myelopoiesis. Our finding that this activity can be directly modulated by
its y-secretase activity has important safety implications concerning these inhibitors.

Alzheimer’s disease (AD) is the most common form of  APP, however, is not the sole substrate of PS. Through
senile dementia characterized by the depositighramyloid similar mechanisms defined as regulated intramembrane
plaques in specific areas of the brain. The major componentsproteolysis (RIP) §), PS have been reported to process
of the plaques are 4842 amino acid peptides referred to as numerous other proteins, mostly noticeably Notch, (
Aptthat are derived by proteolytic cleavages of the amyloid molecules that regulate various cell-fate specification proc-
precursor protein (APP) (reviewed in r&f. Mutations in ~ €sses. In mammalian systems, the two presenilins play
presenilin genesAS1andPS2 lead to dominant inheritance  Compensatory roles as revealed by gene knockout studies.
of early onset of familial AD, and these mutations are known Specifically,PS1null mice die perinatally, exhibiting a partial
to affect they-secretase cleavage of APP and to foster the Notch-associated somite segmentation def8c8). While
amyloid plaque pathologyl]. Indeed, PS have been shown the PS2Zknockout does not lead to overt impairmeRG1
to be absolutely required for the-secretase activity to ~ and PS2double null embryos die during early embryonic
generate & peptides: Inactivation of PS1 results in an 80% development, exhibiting a compleotchloss-of-function
reduction of A6 (2), and a complete inhibition is achieved PNenotype 10, 11). Thus, a defective Notch processing and
in cells lacking both PS1 and PSZ @). Pharmacologically, signaling are likely to account for the developmental
y-secretase inhibitors have been developed to blggpre- ~ Phenotypes of PS null animals.

duction, and these inhibitors are known to target presenilins Hematopoiesis is a complex process by which self-
(5). renewing hematopoietic stem cells (HSC) in the bone marrow

give rise to common lymphoid progenitors (CLP) and
common myeloid progenitors (CMP). CLP differentiate into
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to its well-documented activity in T- and B-lineage com- b

mitment, most of the studies concerning the role of the Notch =

signaling pathway in myeloid lineage employed gain-of- PS1#PSot 2:-0

function studies in cell culture systems, and conflicting data = o

have been reported4, 15). Furthermore, a link between H = 5

Notchl and myeloid development could not be established WT ="

in vivo (16). ' E .
Although PStdeficient mice are embryonic letha,(9),

PS2null (PS277) andPS1heterozygous (PST) mice are 1 T

viable on both individual or combined (i.e., P$1PS2/") * ,..?.

background 10). We report here that mice with reduced
presenilin dosage develop an age-dependent myeloprolifera-
tive disease, and we propose that it is mediated through its
y-secretase activity.

EXPERIMENTAL PROCEDURES 0
WT PS2+ PSI*¥ WT PS2" PS1% WT PS2- PS1*

PS2-# PS2-- PS2--

Mice and Reagent3he generation and genotypingRf1 T TRETT LR

and PS2null mice have previously been describéxl 10). d

They were housed in a SPF facility. All procedures were %0100— - - -
performed in accordance with the Baylor College of Medi- 2
cine Institutional Animal Care and Use Committee and the < 80
National Institutes of Health guidelines. 2 60

Antibodies used for HSC and FACS analyses were B 40
obtained from PharMingen. Anti-cyclin D1 and MPO o
antibodies were from Santa Cruz and DAKO, respectively. 2 20

Histological MethodsTissues were fixed in 10% neutral \;2 0

e WT PS2* PS1* WT PS2* PSI*¥ WT PS2* PSI*

buffered formalin for 24-48 h, dehydrated through graded

. . ps2* pPs2+ pPS2+
alcohols, and stored in 70% ethanol at@. Tissues were 80 mos.  12-13mos.  15-18mos.
vz_i%utj]m-embe(?_ded '8 para_ﬁln, sectioned anf and stained Ficure 1: Morphological characterization of presenilin mutant
with hematoxylin and eosin. mice. (a) A representative 18-month-old PSPS2/~ animal (top)

Peripheral blood was collected by retroorbital bleeding. showing reduced body size and kyphosis. The lower panel is an
The blood smear was stained with Wrigl@iemsa solutions ~ age-matched wild-type (WT) control. (b) Splenomegaly in the

; ; ; PS1/-PS2/~ mutant (right) with a wild-type spleen shown on the
(Fluka). Total and differential blood counts were determined left. (c) Mean body mass (grams) of female WT, PS2and

using an automated H-1 analyzer (Technicon Instruments 5g4/-ps> /- animals at 89 12-13. and 15-18 months of age

Corp.). (N = 20/group). Numbers shown are the averdg&D. Key: *,
Flow CytometryCells were resuspended atx110° per P < 0.05; **, P < 0.01; ** P < 0.001; Student's-test. (d) Per-
100uL of PBS containing 2% FCS and,dg of mouse Fg centage of mice (males and females) that do not show splenomegaly

(spleen mass<200 mg).N = 20/group for 89 month old andN

/1l receptor antibody for 10 min and then stained for = 40/group for 12-13 and 15-18 month old animals, respectively.

20 min at 4 °C with the indicated mouse antibodies
(PharMingen). For spleen cells, 5 mL of RBC lysis buffer
(9 volumes of 0.16 M NiCI + 1 volume of 0.17 M Tris-  mL) (StemCell Technologies) containing GM-CSF (5.3 ng/
HCI, pH 7.65) was added, and cells were incubated at roommL, PeproTech Inc.) was added, mixed thoroughly, and
temperature for 5 min followed by washing two times in plated to two 35< 10 mm Petri dishes. When thesecretase
PBS+ 2% FCS. Viable cells, gated by light scatter, were inhibitor effect was tested, a final concentration of QM
sorted and analyzed on a FACSCalibur cell sorter using drug was added to the medium, and the same amount of
CellQuest software (Becton Dickinson). The Gr-1/annexin DMSO without compound was added to a separate dish as
V double labeling was performed as describ&a)( vehicle control. Cells were cultured in a 3T incubator
Hematopoietic Stem Cell AnalysiBone marrow was maintained with 5% C@and 95% humidity. Colonies were
flushed from the tibias and femurs of WT, P$2 and  counted after 78 days under a light microscope.
PS17/-PS27/~ mice. The marrow was resuspended at 10 RESULTS
cells/mL in DMEM containing 2% FCS (Hyclone) and 10
mM HEPES buffer (Life Technologies). The cells were then  Morphological and Histological Characterization of P$2
stained with 5ug/mL Hoechst 33342 (Sigma-Aldrich) for and PS1/-PS2/~ Mice. The PS2/~ and PS1-PS2/~ mice
90 min at 37°C, as described previouslyl§), and then  were generated by crossing the PSPS2/~ males with
resuspended in cold HBSS supplemented with 2% FCS, 10PS2/- females and were of mixed C57/129Sv background.
mM HEPES, and 2«g/mL propidium iodide. Analysis of  These animals, along with their age- and strain-matched wild-
SP cells was performed on a triple-laser instrument (MoFlow; type controls, were housed in a specific pathogen-free (SPF)
Cytomation Inc., Fort Collins, CO). environment. All animals were overtly healthy at a young
Spleen GM-CFU Assayrimary splenocytes (5 10°) age. However, from approximately 1 year of age and onward,
were resuspended in 0.6 mL of DMEM supplemented with the PST'~PS2’~ mice showed progressive reduction of body
2% fetal bovine serum. MethoCult TM M3234 medium (2.4 mass, kyphosis, and loss of vigor (Figure 1a). Post-mortem
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a WT PS1+/-PS2-/- d WT PS1+/-PS2-/-

%/ -

FiIGURE 2: Histological analysis of diseased 18-month-old PSRS2/~ animals (right) as compared with their corresponding age-matched
wild-type controls (left). (a) H and E staining of spleen sections. Key: arrows, white pulp; stars, red pulp. (b)-V@&ignisa staining of
blood smear, documenting greatly elevated dark-stained granulocytic cellsTirPS2/~ mutants (arrows). ee) Granulocytic infiltration

into lung (c), kidney (d), and liver (e). Arrows denote infiltrated cells. (f) Positive MPO staining (arrow) in liver of B2/~ mice.
Scale bar= 50 uM.

Table 1: Hematological Parameters of PS2and PS1/~PS2/~ Mice?

15—-18 months

8—9 months 12-13 months PSt-PS27/~
parameter WT PSZ-  PSI/PS2/- WT PsS2/-  PSI/-PS2/- WT PS2/- healthy diseased
Splmass (mg) 108-80 65+ 15 75+ 12 89+ 24 73+ 14 744+ 21 83+ 26 80+ 17 1274+ 42 590+ 42C¢°
leukocytes 52+19 57+27 8.3+ 21 47+15 89+438 9.9+ 4.4 31+05 11+4° 14+ 2¢ 46+ 23
(x10°%uL)
erythrocytes 9.2+ 0.7 8.9+0.6 9.1+ 0.4 9.4+ 0.3 8.8+04 8.9+ 0.6 9.1+ 04 88+05 7.0+£18 6.4+1.4
(x10°/uL)
platelets 114+03 1.1+£03 1.3+ 0.2 1.1+ 03 15+03 1.7£ 0.3 11+02 1.7+£04 16+04 1.3+ 0.3
(x10°/uL)
Neut (%) 13+ 4 21+9 22+ 5P 17+ 4 20+ 7 26+ 7° 18+ 4 33+ 21 36+ 19 47 4+ 8°
Lymp (%) 78+ 3 72+7 70+ 6° 72+6 70+ 8 63+ 9° 72+6 56+ 20 514+ 17° 22+ 14°
Mono (%) 56+26 3.9+0.1 45+ 1.0 7.0+£2.0 4.8+09 4.8+ 0.8 6.0£0.8 6.8+£28 4.6+08 31+1.7
Eos (%) 17412 18+16 23+ 14 24409 33£13 4.0+ 25 2.0+£08 21+15 544172 22413

2 Peripheral blood was collected from wild-type (WT), P5§2and PS1/~PS2/~ mice at 8-9, 12-13, and 15-18 months of age, respectively,
by retroorbital bleeding. The 1518 month old PS17-PS2/~ animals were subdivided into two groups: those morphologically indistinguishable
from the wild-type control (healthy) and those that appeared sick and exhibited splenomegaly (diseased). Total (leukocytes, erythrocytes, and
platelets) and differential (neutrophils, lympocytes, monocytes, and eosinophils) blood counts were determined using an automated H-1 analyzer.
Results are the meah SD.N = 5—8 mice/group. Abbreviations: Spl, spleen; Neut, neutrophil; Lymp, lymphocyte; Mono, monocyte; Eos, eosinophil.
Leukocytic cells that are significantly altered are shown in bbl.< 0.05.¢P < 0.001.

analysis revealed profoundly enlarged spleen (Figure 1b) andanimals exhibited splenomegaly at 1 year of age, and this
lymph nodes (not shown). Longitudinal followup of a cohort number increased to 50% at-158 months (Figure 1d). Mice

of 100 mice/genotype documented that, a98months, the  with splenomegaly were invariably under weight and were
body weight and the spleen mass of PSand PST-PS2/- termed “diseased”.

mice were comparable with the wild-type controls (Figure H and E analysis of diseased spleen documented the
1c,d). However, both the PS2 and PS1~PS2/~ animals  presence of recognizable red pulp (stars) and white pulp
had reduced body mass at 1 year of age, and this differencearrow) structures (Figure 2a, right). However, compared to
became more dramatic at-338 months (Figure 1c). Mice  the normal spleen (left), these structures were less well
heterozygous for PS1 alone (PSPS27") were apparently  defined. Wright-Giemsa staining of peripheral blood of
not affected (not shown). Measurement of spleen massdiseased animals revealed greatly elevated mature leukocytes
showed that while splenomegaly (defined as spleen mass(Figure 2b, arrows). This was accompanied by severe
>200 mg) was rare amorRS2null, 20% of the PS1-PS27~ infiltration of granulocytic cells into peripheral tissues such



Effects of Presenilins in Myloid Proliferation Biochemistry, Vol. 43, No. 18, 20046355

as lung (Figure 2c), kidney (Figure 2d), and liver (Figure a ok ok
2e). Although the infiltrated cells were predominately of 60+
mature type, immature cells positive for myeloperoxidase E
(MPO) could be identified in mice with severe splenomegaly .=
(spleen mass 1000 mg) (Figure 2f). Modified Steiner’s stain =
did not reveal any evidence of argyrophilic helical bacteria £ 30
(data not shown), arguing against the possibility that elevated _E
granulocytic cells were the result of infection. ':
Hematological Ealuation of PS2'~ and PS1/~PS2/~ <
Animals.We characterized the hematological profiles of PS =
animals by performing both total and differential blood

O_WT PS2-- PS17- WT P82~ PS17- WT P82 PS1*-

PS2-- PS2-+- PS2--
counts. Analysis of diseased PSPS2/~ animals revealed 6-8 mos. 9 mos. 12-13 mos.
markedly elevated leukocytes and percentages of granulocytich ek

cells, including neutrophils and eosinophils (Table 1, farright

column, with numbers highlighted in bold). This was 2

accompanied by a significant reduction in the number of =

erythrocytes and percentages of lymphocytes and monocytes 75

Interestingly, the hematological abnormality was not limited S 67
S

sk
to diseased animals. Analysis of healthy PSBS27/~ mice 41 a—I E I E
| 120 (178 [

at 8-9, 12-13, and 1518 months documented an age-
dependent increase in both the total number of leukocytes

and the percentage of leukocytic neutrophils (Table 1, with 0~WT PS2- PSI®- WT PS2~ PSI- WT PS2+ PSI1-
numbers shown in bold). The PS2 animals exhibited PS2-+- PS2-+- PS2-+-
similar trends, although statistically significant differ- 6-8 mos. 9 mos. 12-13 mos.

ences often cannot be reached due to large individual ¢ , e Dy~
. . . WT PS2 PS17-PS2
variations (Table 1). As myeloid hyperplasia was age- T 1 cor |T ~o,
. . 2% e 21% |, 2% =& 35% |, 2% 51%
dependent and preceded overt clinical phenotype, our result 1 ' 2
again suggests that increased granulocytes were caused bBM | 1 :
an intrinsic hematopoietic defect rather than secondary to ' ) )
infection. I_ 3% | o 2s L 3%
Lineage Analysis of Presenilins in Hematopoiedis. | 6% 3% 5% 6% || 3% 4 10%
further provide experimental evidence for a primary effect
of presenilins in granulocytic lineage, we performed fluo-
rescence-activated cell sorter (FACS) analysis of bone g7}
marrow and spleen cells isolated from healthy animals at <'5

6-8, 9’. an_d 1213 rEionths ?if age, resp_ectlvely (Figure 3). Ficure 3: Flow cytometric analysis of Gr-1/Mac-1 lineage. (a, b)
Quantification of Gr-1/Mac-1" granulocytic cells in the bone  percentage of GretMac-1" granulocytes in bone marrow (BM,
marrow (Figure 3a) and spleen (Figure 3b) revealed a normalpanel a) and spleen (Spl, panel b) of& 9, and 1213 month
percentage of Grf¥Mac-1" cells at 6-8 months. However,  old healthy WT N = 5/group), PS2~ (N = 15/group), and

this ratio was already significantly increased in the spleno- Er?ol\:\;npjg/;hél\;v:r ;;gé%ulo%ea)‘;‘iTal'DS’<r?gg?ﬂ’ﬁ'};’“()”&'?‘*“
by Ay ) . Key: *, .05; **, .01;
cytes of PSY"PS2’" mice at 9 months (Figure 3b). P < 0.001; Student'd-test. (c) Representative Gr-1/Mac-1

Although an increase was also observed in the bone marrowp,ro'ﬁ|(;3s in bone marrow (BM) and spleen (Spl) of 12-month-old
of these mice (Figure 3a) and in the spleenRS2 null animals.
(Figure 3b) at this age, the differences failed to reach
statistical significance. At 1213 months, the percentage of the Notch signaling pathway, which in turn leads to impaired
Gr-1"/Mac-1" cells was significantly elevated in both the myeloid lineage. To explore this mechanism, we measured
bone marrow and spleen of P$2 and PS1~PS2/- the number of HSC as a function of presenilin gene dosage
animals (Figure 3ac). using the Hoechst dye efflux assay. This assay relies on the
Since the Notch pathway and the presenilins have beenproperty that primitive HSC are capable of effluxing the
shown to regulate lymphopoiesis and T-cell development fluorescent dye Hoechst 33342 and can be highly enriched
(19—21), we measured T-cell profiles in the spleen and from a side population (SPJL8). Quantification of bone
thymus by surface labeling with anti-CD4 and -CD8 marrow HSC in 2-, 9-, and 12-month-old P%2 and
antibodies (Figure 4a). Likewise, B-cells in the spleen and PSI/~-PS2/~ mice did not identify any appreciable differ-
bone marrow were evaluated for their expression of IgM and ences when compared with that of the wild-type animals
CD19 (Figure 4b). The results documented that neither T- (Figure 4c).
nor B-lymphocytes were significantly altered in the presenilin ~ Having documented that the number of HSC was not
mutants. These data thus indicate that reduced presenilinsaltered in presenilin mutant animals, we next examined
specifically affect the myeloid lineage. the multipotent granulocytemonocyte progenitors (GMP)
As hematopoiesis initiates from the hematopoietic stem using an in vitro colony-forming assay. Quantification of
cells (HSC), and the Notch pathway molecules have beenthe splenocyte-derived granulocytsmacrophage colony-
implicated in the maintenance and survival of H22, £3), forming unit (GM-CFU) of 1-year-old mice revealed a 8-
it could be argued that presenilins may affect HSC through fold increase in PST"PS27~ samples compared with that

9% | Juss %]

Mac:1 =
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Ficure 4: Similar T-cell (a), B-cell (b), and HSC (c) profiles in 12-month-old WT, PS2and PS1/~-PS2/~ animals: (a) CD4/CD8 in
thymus (Th) and spleen (Spl); (b) IgM/CD19 in bone marrow (BM) and spleen (Spl); (c) representative side-population (SP) profiles.
Numbers shown are the percentage of SP cells within the nucleated cells of whole bone marrow.

of wild-type controls (Figure 5a). These data were in- is the underlying mechanism for the dramatic increase of
dicative of extramedullary hematopoiesis in the presenilin GM-CFU in PS1/-PS27~ splenocytes.

mutant. y-Secretase Inhibitor Promotes GM-CFUaking advan-
We reported that loss of PS1 in skin results in epidermal tage of the availability of-secretase inhibitors, we decided
hyperproliferation and cyclin D1 activatio24). To inves- to directly assess the role of-secretase activity on the

tigate whether this is the mechanism contributing to increasedgranulocyte-monocyte progenitor. A highly potent and
spleen GM-CFU, we measured cyclin D1 levels by western specific inhibitor (compound 15) with a half-maximal
blot analysis. The results showed an invariable increase ofinhibitory concentration (165 of 1.2 nM was chosen26).
cyclin D1 in multiple PS1-PS2/~ samples (Figure 5b). Primary splenocytes isolated from 12-month-old wild-type
To evaluate whether a reduced apoptosis may also beanimals were treated either with DMSO as vehicle control
responsible for enhanced GM-CFU, we determined the or with 0.5uM inhibitor, and the number of GM-CFU was
granulocytic cells undergoing apoptosis by quantifying the quantified after 78 days of culturing. Combination of three
percentage of Gr-1 and annexin V double positive cells by independent experiments revealed a 2.5-fold increase of GM-
FACS analysis (Figure 5c¢). No significant differences were CFU in the presence of thesecretase inhibitor (Figure 5d).
observed between the controls and presenilin mutants. Thesén addition to the absolute numbers, we also noticed that
data combined suggest that an accelerated cell proliferationthe colony size was larger in the inhibitor-treated cultures
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Ficure 5: Effect of presenilins on GM-CFU. (a) Average number
of GM-CFU (meant= SD) per 16 cells in WT and PST-PS2/~
splenocytes. Key: *** P < 0.001; Student's-test. (b) Corre-
sponding cyclin D1 activation in the spleen samples of P®B2/~
mice. Lane labeled as cyclin D1: CHO cells transfected with cyclin
D1. 5-Tubulin was used as loading control. (c) Percentage of Gr-
1/annexin V double positive cells (mean SD) in 12-month-old
WT, PS2/-, and PS1~-PS2/~ splenocytes. (d) Fold increase of
GM-CFU in wild-type splenocytes treated with Q:M y-secretase
inhibitor (WT + inhibitor) as compared with the vehicle control
(WT + DMSO). Numbers shown are the relative fold increase
SD of three independent experiments. Key: *®, < 0.001;
Student’st-test.

(not shown). This result thus supports a direct effect of

presenilins on the proliferation of GMP. Similar results were
obtained with anothey-secretase inhibitor DAPT2).

DISCUSSION

We report in this study that partial loss of presenilins in
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FiIGURE 6: Proposed model of presenilins in hematopoiesis. The
primary effect of presenilins (PS) is in the homeostasis of
granulocyte-monocyte progenitors (GMP) through jtssecretase
activity. Inhibition or reduction of PS leads to increased GMP and
overrepresentation of mature granulocytic cells. Other hematopoietic
lineages, including hematopoietic stem cells (HSC), common
lymphoid progenitors (CLP), common myeloid progenitors (CMP),
or megakaryocyteerythrocyte progenitors (MEP), are not directly

affected but may be altered as a result of imbalance of the
hematopoietic system.

Granulocytes

proliferation, and differentiation of HSC and multiple
progenitor and precursor cell$3). This could be explained

by the fact that presenilins are only partially reduced in our
animals. A comprehensive assessment of presenilins in
hematopoiesis waits for the conditional knockout in which
a complete inactivation of presenilins in the bone marrow
can be achieved. Nevertheless, our results highlight a potent
regulation of presenilins on GMP and demonstrate that the
hematopoietic phenotypes of the PS2and PS1/-PS2/~
mice were not caused by a disruption of HSC or early
progenitors. Our data are also in line with the report that
Notch is not required for the maintenance of HSC or the
development of myeloid lineage4®).

It can be argued that elevated granulocytic cells in the
circulating blood and peripheral tissues seen in ourPS2
and PS1'~PS2’~ mice could be caused by infection rather
than an intrinsic hematopoietic defect. The following evi-
dence makes this interpretation highly unlikely: (1) the
mice were housed in a SPF facility and staining of diseased

mice leads to an age-dependent myeloproliferative diseasetissues failed to detect any evidence of argyrophilic helical
We showed that reduced presenilin dosage does not impaitbacteria, (2) overrepresentation of Gtd¥lac-1" granulo-

HSC. We performed multiple lines of analysis on hemato-
poietic cells in the bone marrow, peripheral blood, and

cytes in bone marrow and spleen is an early event and
precedes overt clinical phenotypes (changes in body weight

spleen, and our data support the notion that the primary effectand spleen mass), and (3) importantly, treatment of wild-

of presenilins is on cells of the granulocytic lineage, and

type splenocytes with g@-secretase inhibitor directly pro-

the changes of these cells trigger the alterations of other cellmotes GM-CFU.

types such as lymphocytes. Within the myeloid lineage,
megakaryocyteerythrocyte progenitors (MEP) are not likely

While we have shown a clear regulation of presenilins in
granulocyte homeostasis and that this effect is likely mediated

affected, as we detected normal numbers of platelets andthrough its y-secretase activity, the molecular pathway

erythrocytes. However, presenilins play a pivotal role in the
granulocyte-monocyte lineage since reduced presenilin
expression in vivo ang-secretase inhibitor treatment in vitro
both lead to deregulation of granulocytmonocyte progeni-
tors (GMP). Elevated GMP in presenilin mutant animals is
accompanied by an overrepresentation of @fiviac-1"

regulating this activity remains to be established. This issue
is complicated because while Notch is an obvious candidate,
numerous other proteins have been reported to be substrates
for presenilin-dependent proteolysis (reviewed in 28j.
Although the physiological significance is not known,
impaired processing of these molecules cannot be excluded

population and an increased number of mature granulocyticas potential mechanisms for the myeloproliferative defects.
cells. Therefore, granulocyte maturation does not require We reported that loss of PS1 in mouse skin is associated

presenilins.
Our results support a model whereby presenilins primarily
act to control the number of GMP at a late stage of

with enhancegB-catenin signaling, activation of its down-
stream target cyclin D1, and epidermal neoplag4.(This
effect could be executed through both processing-independent

hematopoiesis (Figure 6). This is in contrast to the vast mechanisms28) or indirectly through Notch as loss of

amount of published reports implicating a widespread role
of presenilin-dependent Notch signaling in the survival,

Notchl has been shown to lead to enhangedatenin
signaling @9). Therefore, it is conceivable that deregulation
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of the ff-catenin pathway may contribute to the myelo- 7.
proliferative phenotype. Our finding that cyclin D1 levels
were elevated in PSTPS2/~ splenocytes supports this
notion. In this regard, it is interesting to note that a similar
skin phenotype has also been observed in a subset of 8.
PS1"~PS2'~ (but not PS2/~) animals over 1 year of age.
Since the myeloproliferative phenotype is present in both g
strains and at an earlier onset, it is unlikely that the
hematopoietic defect is indirectly caused by the skin lesions,
although the two phenotypes may indeed be mediated by
the same molecular mechanisms. 10
Since presenilins are absolutely required fgt produc-
tion, inhibition of preseniliny-secretase activity has been

actively pursued as a potential strategy for AD treatment. It 11,

remains to be determined whether these inhibitors will lead
to unacceptable side effects caused by simultaneous disrup-
tion of Notch or other presenilin-mediated pathways. Our
results that mice with partial loss of presenilins develop
severe hematopoietic defects and that inhibitiony-scre-

tase activity directly promotes myeloid progenitors caution
for a possible adverse effect even with partratecretase 13
inhibition. The age-dependent effect in presenilin animals
cautions for a particular vulnerability in aged population that
these inhibitors are intended to target. It is important to note,
however, that the dose of the inhibitor used in this study
(0.5 uM) is significantly higher than that required forfA
inhibition (25). Therefore, it is possible that a therapeutic 5
window can be established to achieve effectiy&ppres- 16
sion without affecting Notch or other presenilin targets.
Nevertheless, our finding calls for a careful assessment of
the dose and long-term effect of these inhibitors.

-
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