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Intracellular cytokine was not assessed for UPNI3 and UPN14

Table 1 Patients' characienstics
i Age HLA-A  Primary disase  Comiditioning  GVHD Stem cell CMV serology Marx CMY
locus regimen prophylaxis Lot —_— CMV-Ag disease
Recipien Donar
UUPN-01 63 0201, 0206 CML (AP) CdA/BU CSP - TAC PB + + 740 4
UPN-02 51 a0l NHL (DLBCL) CdA/BU Csp PR + + 4% t
UPN-03 49 0201 NHL (low grade) CdA/BU CSP--TAC 3] + + 178 +
UPN-04 54 0206 MCL CJA/BU/ CSP+sMTX PB + + 68
ATG
LIPN-05 59 0206 AML CJA/BU/TBI CSP+sMTX UBM + t 35
UPN-06 66 (1206 MIDIS (RA) Flu/BU CSP+sMTX PHB + 0
UPN-07 6] 02ol NHL (low grade} Flu/BU/ATG CSP UBM + + 10 -
UPN-08 62 0201 AML CdA/BU TAC PR t + 6.5 -
UPN-09 43 a2 MDS (RA) BU/CY CSP+sMTX  UBM 4 0 -
LIPN-10 4| (1206 AML BU/CY CSP+sMTX RBM 4 e |
UPN-11 54 0201 NHL (low grade) Flu/BU CSP+sMTX PB + t .7 -
UPN-12 12 0206  RCC CdA/BU CSP PB + t 28
UPN-13 42 0206 PCL CdA/BLY/ CSP+sMTX PB y t 28 -
ATG
LIPN-14 43 0206 RCC CdAJBL CSpP 4] ¢ + 1.3 =
ATG

Abbreviations: ATG =antithymocyte globulin; CdA = cladribine; CML (AP) = CML faccelerated phase), €SP = cyclosporine; DLBCL =difTuse large
B-cell lymphoma; Flu=fludarabine: MCL = mantle cell lymphoma, MDS (RA) = myelodysplastic syndrome (refractory anemia); NHL = non-Hodgkin
lymphoma, PB =penpheral blood: PCL = plasma cell leukemia; RBM = related bone marrow, ROC =renal cell carcinoma; sMTX = short term
methotresate; TAC = wcrolimus; UBM = unrelated bone mamow

antigenemia and required antiviral therapy showed that the  at day 160. As for three patients with CMV colitis
mean number of IFN-y-producing cells was 3.6 (0-6.7)/ul (UPNI-3), only one patient (UPN2) had detectable level
at day 60, which subsequently increased to 72 (15-250)/ul  of IFN-y-producing cells (4.8/ul) at the time of disease
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Figure 4

Intracellular cytokine assay in a patient with CMV colitis {LUUPNZ). The samples were taken at the onset of CMV colitis (a—¢) and after recovery

from CMYV colitis (d-0. The numbers of IFN-y-producing cells on lysate stimulation (a, d) and peptide stimulation (b, e) both increased afler recovery from

CMV colitis, (e) and (M) are negative controls.

onsel and were undetectable for the other two patients,
which remained negative until day 90 for UPNI, The mean
number of IFN-y+ cells subsequently increased to 19
(5-38)/ul after recovery from CMYV disease (Figures 2, 4a
and d). Among the patients who did not require antiviral
therapy, the IFN-y-producing cells were all >10/ul at
day 60.

When stimulated with CMV peptide, 1FN-y-producing
cells numbered 8 (0-16)/ul at the time of disease onset with
a subsequent increase 1o 47 (15-95)/ul after recovery from
MV disease (Figures 4b and ¢).

Regarding the phenotype of IFN-y-producing cells,
median of 81% (76-100) were CD4 4 and <20% were
CDS8 + upon stimulation by CMV lysate. The staining of
IFN-y was brighter in CD4 4 than in CD8 + cells and
CD69 was positive for both CD4+ and CD8 -+ fraction.
IFN-y-producing cells were CD69 low positive and median
of 42% (25-68) were CD8 -+, while the rest were CD8-/
CD4- phenotype upon CMV peptide stimulation.

Discussion

QOur results showed that it is difficult 1o predict CMV
infection by the number of CMV-specific CTL alone as this
did not correlate with the incidence and severity of CMV
infection. While UPN1 and UPN2 developed CMV colitis
after the recovery of sufficient number of CTL, UPNG,
UPN7 and UPNS did not require antiviral therapy despite
low CMV-specific CTL. These results showed that
CMV disease could occur after HSCT even in patients
with > 10/ul CMV-specific CTL as evaluated by tetramer
assay, which has been considered to be sufficient 10 protect
against CMV infection.® 7

CMV-specific CTL emerged immediately following the
detection of antigenemia in most patients, suggesting
that CMYV infection can be a trigger for the recovery of
CMV-specific immunity. However, UPN9 had recovery of
CMV-specific CTL at day 60 even though his CMV
antigenemia and CMV DNA as evaluated by PCR were
negative throughout the course.

On the other hand, intracellular analysis revealed that
IFN-y production in both CD4+ and CD&+ T lympho-
cytes was depressed in patients with high antigenemia or
CMYV  discase and this had subsequently recovered
at disease resolution. Functional analysis methods for
CMV-specific immune response by How cytometry have
been established,'® and it was reported that patients who
developed CMYV disease after SCT had no detectable 1FFN-y
production by CD3+4 /44 T-cells upon CMV AD-169
antigen stimulation.'” It has also been demonstrated that
levels of IFN-y-producing CD4 + cells less than one cell/ul
and CD8&+ less than three cells/ul upon stimulation by
CMV.infected autologous dendritic cells are not protective
against recurrent infection.'® As assessed by IFN-y
ELISPOT assay, the threshold level for protection against
CMV reactivation was estimated as over one cell/pl
peripheral blood upon CMV pp65 peptide stimulation. ™
The number of 1FN-y-producing cells upon CMV lysate
stimulation were above ten cells/pl among patients whose
antigenemia was < 10/50000 cells in our study, which may
be sufficient for protection against CMV reactivation. It is
difficult to determine the exact threshold level for protec-
tion against CMV since 1FFN-y production differs among
various stimulating agents. Also the magnitude of response
is higher in the cytokine flow cytometry assay while the
cytokine flow cytometry assay was less likely than
the ELISPOT assay to detect low-level responses.™”
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Several studies on HIV-infected patients have shown
the availability of analyzing the phenotype and other
cylokine production of virus-specific T-cells such as IL-2,
TNF-2' ** It has been demonstrated that virus-specific
T-cells, which produce both IFN-y and IL-2 are important
in virus-specific immunity, and that IFN-y/IL-2 secreting
CD8+ T-cells were CD45RA—/CCR7— phenotype and
correlated with that of proliferating T-cells, whereas single
IFN-y-secreting cells were either CD45RA—/CCR7- or
CD45RA + /CCR7-.* Another study has shown that
immunorestored patients had increased levels of circulating
CMV-specific CD8+ T-cells with ‘early” (CD27+4/
CD28 + /[CD45RA +, CD27 + /[CD28 + /[CD45RA—) and
“intermediate’ (CD27-/CD28 + /CD45RA - ) phenotype.**
Only IFN-y production was assessed in our study, however
higher-order flow cytometry might have added more
discriminatory value. Foster er al** demonstrated that
CMV-specific CD4+ T-helper cells show the same
reconstitution kinctics as CDB 4+ CTL. Thus, functional
analysis of lymphocytes upon lysate stimulation that can be
used to assess both CD4 + and CD8 + cells is a useful 100l
for monitoring T cell immunity against CMV in patients
after HSCT. This method is more widely applicable than
peptide stimulation or tetramer assay, since it is not
restricted to HLA or a single epitope. However, peptide
stimulation and tetramer assay may still be a major
procedure in the analysis of CD8 4+ T-cells, since tetramers
are widely applied to adoptive immunotherapy of CMV**
and the dominant population of IFN-y-producing cells
upon lysate stimulation was CD4 -+ . Previous study has
demonstrated that flow cytometry following stimulation of
PBMC with pp65 and immediate early (IE)-1 peptide pools
consisted of 15-aa peptides was highly sensitive and specific
in predicting the presence of recogmized epitope in the
respective proteins.”® Furthermore, it has been shown that
IE-1-specific responses were more important in protective
immunity than pp6S-specific responses in heart and lung
transplant recipients.”” The stimulation with comprehensive
peptide pools might have better assessed both functional
CD44+ and CD8+ T-cell responses. Further study is
needed to identify whether IE-1 is more important than
pp65 in allogeneic HSCT patients, and the significance of
IE-1 in Japanese population with low allele frequency
of HLA-AI (1.8%), -B7 (5.2%) or -B8 (< 1%),'* which is
known to present IE-1 epitopes.

It is likely that the patients who did not have CMV
reactivation despite low CMV-specific CTL had sufficient
T-cell immune-recovery against CMV since the number of
intracellular 1FN-y positive cells upon CMV lysate
stimulation was as high as that in patients who had
recovered from CMV reactivation. As for CD8 + T cells in
these patients, CTL against other CMV-epitopes besides
NLV might have helped 1o protect against CMV. It is
reported that the recovery of CMV specific T-cells is earlier
in patients who received reduced-intensity conditioning
compared to conventional regimen and this was delayed by
the use of ATG."** Additionally, the graft source and
CD3 + T-cell dose significantly influence the recovery of
CMV-specific immumity.® The difference of immune
recovery according 1o the conditioning regimen and graft
source was not demonstrated in this study, probably due to

Bone Marrow Transplantation

heterogencous patients and small sample size. Functional
depression of the lymphocytes due to corticosteroid for
GVHD seems to be the major cause of CMV infection as
documented in all patients with high antigenemia. More-
over, 75% of the patients with CMV disease were receiving
more than | mg/kg/day of methylprednisolone (mPSL),
while among those who did not require antiviral therapy,
only 13% had received | mg/kg/day or more mPSL, The
influence of corticosteroid on the number of CMV-specific
CTL is controversial. Some studies have reported that a
significant reduction of CMV-specific CTL occurred with
corticosteroid therapy.® * Others have shown that the
frequency and the absolute number of CMV-specific
CD8 ¢ T cells were similar in patients receiving cortico-
steroids and those who didn’t, while the CMV-specific
CD8 + T cells showed decreased cytokine production.'™"!
Our result was consistent with the latter observation that
while the number of CMV-specific CTL does not decrease
significantly with corticosteroid therapy, IFN-y production
of CMV-specific CTL is severely suppressed. Therefore,
concomitant assessment of T-cell function is essential in
patients after HSCT, especially in those who are receiving
corticosteroid therapy.
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Positive impact of maintaining minimal caloric intake
above 1.0 » basal energy expenditure on the nutritional
status of patients undergoing allogeneic h topoleti
stem cell transplantation

To the Editor Plrmtam nutrition (PN) is freq ty req for p

g alk ic stom cefl transp (ASCT), How-
mmmnmmmo!PNa d with hypergly ia [1.2],
which leads 10 an inferor oulcome [1,3] Body weight (BW) and biochemical
indices are used to assess the nutritional status, bul these mouuru are
affected by fuid status and infl [4]. Theret we p ly
analyzed the values ol nutritional variables in a cohort of 112

el 2} from g 1o day 0, (3) from days 1 1o 7, (4) rom days
B 1o 14, (5) from days 15 1o 21, [B)Immdurs’druas Biochemical indices
inclucging total protein, ait 1 and prealbumin were moni-
tored serially at least once a wook.
Changes in BW are shown in Fig. 1A a greater number of patients in the
low calofic group lost more than 5% or 10% of their BW compared with the
high caloric group (38 ve. 4, F < 0.001 and 8 vs 0, P = 0.1, respectively)
No significant differences were seen lor serum albumin, total proteins, choli-
nesterase, and prealbumin, whereas lasting glucose lovels were significantly
reduced from days 15 1o 28 in the low caloric group (Fig. 1B). The signifi-
canily greaier weight loss in the low caloric group could be associated wiih
protein loss and organ dysfunction, aithough changes in fiuid status and
effects of chronic inflammation should also be considered. The absence of
significan! differences in biochemical indices between the two gQroups sug-
gests that these parameters do not directly refiect mainuiriion in ASCT
pationts [5] Hyperglycemia was obsarved in patients recewing >1.0 x BEE
caloric intake. We previously reported that hypergl and E
were associated with an inferior outcome [3]. The results suggest that a min-
imal calonc intake of >1.0 x BEE is necessary to maintain BW atier ASCT,
and thal the assessment of nuiritional stalus should not rely solely on bio-

adult patients, who received my ASCT January 2002
and June 2006. Sixtesn patients who died belore day 28, developed renal
talure or Hver tailure, or received previous ASCT were excluded. Based on
the mean calorc intake from the beginning of the conditioning regimen to
day 28 or discharge, the remaining 86 patients were divided into low {n =
67) and high (n = 29) calotic groups [< of > than 1.0 = basal energy
expenditure (BEE]]. Patiants' ch are od in Table |. Dur-
ing this pariod, nutritional support had been left entirely o the individual
physicians. Six tme penods were considered: (1) belore the conditioning
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Figure 1

indices. b should be paid 10 the identification and
prevention of hyperglycemia in these patients
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(A) Change in body weight in ASCT ("P 0.05, **F < 0.001) {B) Change in lasting serum gucose level in ASCT (*F 0.08, P 0.003). The time course was

divided inlo six penods: (1) belore the conditioning regimen, (2) from conditioning 1o day 0, (3} from days 1 1o 7, (4) from days B 1o 14, (5) lrom days 15 1o 21, (6) rom

doys 22 10 28
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IGF-1 treatment of patients with Laron syndrome
suppr thromt ietin levels but does not
affect serum erythropoietin

To the Editor: Growih hormone (GH) and insulin-like growth tactor | (IGF-1)
stimulate the prolifetation and differentiaion of many cell types including
bone mamow cells. IGF-1 was shown 1o stmulate erythropolesis in in vitro
studies [1]. In a previous study, we reported that children with Laron syn-
drome (L5, OMIM £262500) with genital IGF-1 daf ¥ o
IGF-I by an | of h globin (Hb) nmmblmd calls
{RBC) and a decrease of a high platelet count (PLT) [2]. To investigate
whether the effects induced by IGF-1 are mediated by erythropoietin (Epa)
and thrombopoietin (Tpo), we studied seven patienis with LS: three
unireated adults (ages: 43, 44, and 52) and four girls aged: 5, 9, 13, and 15
years feceiving IGF-1 replacement therapy (120180 pg/kg/day s.c., Fuj-
sawa, Osaka, Japan) for an average perod of 9 = 4 years. The mean age
at inhation of therapy was 4.6 = 3.5 years. Serumn Tpo and Epo levels were
measured using ELISA kits (Ox RAD Sy 3 apos), In the
chidren, before initation of IGF-| treatment, Tpo levels were above narmal
for age. m + SD: 285 + 189 pg/m! (normal: 15-80 pg/mi). During IGF- trear-
ment Tpo levels dropped to 36 = 18 pg/ml (P = 0.04). The mean PLT levels
belore treatment were 334 + 53 x 10% and decreased 10 253 + 30 = 10"
dunng therapy (P = 0.04). In the three untreated adult patients, Tpo serum
levels were above normal but the PLT were within the normal limits (Table 1).
In the IGF-1 treated-children, Epo levels did not correlale with the increase
ol RBC and Hb; and in the unireated adults, Epo levels varied within normal
limits (1.0-21.5 mi/mi). Experimental studies have indicated that the affects
of GH on erythropoiesis are mediated by IGF-1 ol endocring or paracrine ori-
gin [3]. We report lor the first time that IGF-1 administration reduces the high
PLT coumt in young LS patients concomitantly with serum Tpo levels,

TABLE L. The Effect of IGF-1 on Tpe and Platelets

Belore treatment Dunng Ireatment F value
LS children
Tpo (pg/mi) 285 « 188 36218 0.04
Patelets (~10%) 334 2 53 253+ 30 0.04
Unireated LS adulls
Tpo {pgimi) 84 z 60 =
Platelets (-10%) 2401 35 -~

Whether the reduction of Tpo during IGF-! treatment is due 1o a direct effect
ol IGF-1 on the liver, or whather there éxists a negative leedback mechanism
between PLT and Tpo synthesis [4], remains 1o be clarified. The finding that
Epo levals do not correlate with the IGF-| induced stimulation of erythropole-
sis suggests that this effect is not Epo mediated as was also shown in rats
(5] and in children [6] Recently, it has been suggested that IGF-| i
by macrophages may directly stmulate erythroblastic islands [7].
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Abstract  For better clinical outcomes of mycophenolate
mofetil (MMF) in allogeneic hematopoietic stem cell
transplantation  (alloSCT), higher mycophenolic acid
(MPA) plasma levels are proposed to be desirable. Here,
we investigate the optimal MMF dosing strategy based on
pharmacokinetic studies in 20 Japanese alloSCT patients.
The first 11 patients received MMF twice daily at an
escalated dose from 15 mg/kg, according to real-time
pharmacokinetic monitoring of the total MPA area under
the curve (AUC). In the subsequent nine patients, MMF
was given at a fixed dose of 1,000 mg three-times daily.
The pharmacokinetic data revealed that the dose escalation
in each individual did not always increase the AUC. In
contrast, the increase of dosing frequency could statisti-
cally keep higher MPA plasma levels, as reflected in higher
concentration at steady state (Cy) or trough value (Cyruugh).
There was no symptomatic adverse event in both groups.
These results suggest that MMF administration of every
8 h after alloSCT would be better to maintain higher MPA
plasma levels than that of every 12 h even in the same
daily dose. Further studies are necessary to confirm the
clinical benefit of MMF 1o prevent graft failure, as well as
severe aGVHD.
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1 Introduction

Both graft failure and severe acute graft-versus-host discase
(aGVHD) are potentially fatal complications after alloge-
neic hematopoietic stem cell ransplamation (alloSCT) [1,
2]). The combination of cyclosporine (CSP) or tacrolimus
(FK506) with shon-course methotrexate (MTX) after allo-
SCT has been shown to be an effective regimen, and has
become the gold standard therapy for prophylaxis against
these serious complications [3]. However, 1oxicities of
MTX, such as mucositis in particular, may be severe and
debilitating, especially after myeloablative alloSCT. Addi-
tionally, MTX may also cause delayed engrafiment [4].

Mycophenolate mofetil (MMF) is one of the potent
immunosuppressive agents employed as substitute for
MTX in alloSCT [4-6]. MMF does not cause severe mu-
cositis and does not pose most of the other potential
problems associated with MTX. Moreover. MMF has been
reported to facilitate hematopoietic engraftment [6-9).

Mycophenolic acid (MPA), the active metabolite of
MMF, interferes with cell proliferation by inhibiting ino-
sine  monophosphate dehydrogenase type 11, which
subsequently blocks de novo purine synthesis in T and B
lymphocytes [10].

Pharmacokinetic studies in alloSCT have demonstrated
wide inter-individual vanations in MPA area under the
curve (AUC), as well as in the peak and trough concen-
trations. In addition, the plasma MPA half-life ranges from
1.5 10 3 h after oral or intravenous administration, which is
shorter than that reported in solid organ transplantation [11,
12). Therefore, the MPA plasma levels in alloSCT are

@ Springer
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A Marked Increase in Myeloblasts in the
Peripheral Blood of a Patient with Burkitt
Lymphoma following Granulocyte
Colony-Stimulating Factor Administration

Hiroyuki Takamatsu Hirohito Yamazaki Takeshi Yamashita Akiyoshi Takami

Hirokazu Okumura Shinji Nakao

Cellular Transplantation Biology, Kanazawa University Graduate School of Medical Science, Kanazawa, Japan

Granulocyte colony-stimulating factor (G-CSF) mo-
bilizes immature myeloid precursors from the bone mar-
row of healthy individuals or cancer patients [1-3] as well
as abnormal blasts from patients with acute myeloid leu-
kemia (AML) [4, 5]. This report describes a patient with
Burkitt lymphoma (BL) who showed a marked increase
in normal myeloblasts in the peripheral blood (PB) after
G-CSF treatment.

A 43-year-old Japanese male was diagnosed with ileo-
cecal and mediastinal BL. Flow cytometry and fluores-
cence in situ hybridization analysis demonstrated that
the BL cells of the patient had a CDI10+, CD19+, CD20+,
HLA-DR+ phenotype and the c-MYC/IGH fusion gene.
The patient was treated with cyclophosphamide, adria-
mycin, vincristine and prednisone [6] on 3 March 2007,
A rituximab-hyper-cyclophosphamide, vincristine, adri-
amycin and dexamethasone regimen [7] was started on
20 March. Methotrexate and Ara-C with rituximab [7]
were administered on 25 April. G-CSF (filgrastim, 75 pg/
day) was administered subcutaneously to accelerate the
neutrophil recovery on 29 Apriland was continued there-
after until 9 May. The leukocyte count started to increase
from day 10 of the G-CSF therapy and reached 14.5 X

10%/1 on day 13. At the same time, immature myeloid cells
and myeloblasts increased markedly in the PB (fig. 1)
from day 12, and this persisted for 8 days after the cessa-
tion of G-CSF therapy. The myeloblasts comprised 7% of
the peripheral white blood cells at their peak. The surface
phenotype of these cells was CDI13+, CD33+ and CD34+.
The myeloblasts disappeared on day 23 of G-CSF therapy.
The BL of this patient was refractory to various chemo-
therapy regimens and he eventually died of BL 3 months
later. During this clinical course, no further increase in
myeloblasts in the PB suggestive of AML or MDS was ob-
served.

At first it was difficult to determine whether the my-
eloblasts were derived from normal or malignant hema-
topoietic clones because the morphology and surface
phenotype of the blasts lacked abnormalities characteris-
tic of leukemic blasts. The rapid decline of the blast cell
count after the withdrawal of G-CSF and no signs of ei-
ther AML or MDS in the patient’s subsequent clinical
course indicate that the myeloblasts had thus derived
from normal hematopoietic stem cells. When G-CSF is
given to patients with hematological malignancies after
intensive chemotherapy, a slight increase in the number
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Fig. 1. a Morphology of the PB myeloblasts following G-CSF therapy. b Flow cytometric analysis of PB con
firmed expression of CD34. The gate was set up for mononuclear cells.

of immature myeloid cells is often seen in the PB. How-
ever, a marked increase in immature myeloblasts is rare.
Hosokawa et al. [8] reported that a 9-year-old boy with
acute lymphoblastic leukemia showed a marked increase
in the number of normal myeloblasts in the PB following
an intermediate dose of Ara-C (10 x 0.6 g) and G-CSF
therapy. Reykdal et al. [9] described a 20-year-old male
with T cell lymphoblastic lymphoma showing 30% pe-
ripheral normal myeloblasts in PB after treatment with
daunorubicin (3 x 60 mg!mf), Ara-C (0.225 ga’mz) and
G-CSF. The myeloblasts in this case were also considered
to have originated from normal hematopoietic cells. All
3 patients, including the present case, had lymphocytic
leukemia/lymphomas and had been treated with an Ara-
C-containing regimen before G-CSF administration. To
our knowledge, the present case is the second adult pa-
tient who showed a marked increase in the myeloblast
count in the PB following G-CSF administration. We

Increase in Myeloblasts after G-CSF
Therapy

could not find any similar reports when we conducted a
literature search, including contacts with companies pro-
ducing G-CSF. It is important to be aware of the fact that
normal myeloblasts can appear in the PB of patients with
hematologic malignancies after chemotherapy combined
with G-CSF, particularly in patients with AML whose
leukemic cells lack unique leukemic cell markers.

I Khoury HI, Loberiza FR Ir, Ringden O, Bar
rett Al. Bolwell B], Cahn [Y, Champlin RE,
Gale RP, Hale GA, Urbano-Ispizua A, Mar-
tino R, McCarthy PL, Tiberghien P, Ver
donck LF, Horowitz MM: Impact of post
transplantation G-CSF on outcomes of
allngeneic hematopoietic stem cell trans
plantation. Blood 2006;107:1712-17 16
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Brief report

Expansion of donor-derived hematopoietic stem cells with PIGA mutation
associated with late graft failure after allogeneic stem cell transplantation

“Kanako Mochizuki,' *Chiharu Sugimori,' Zhirong Qi,' Xuzhang Lu," Akiyoshi Takami,' Ken Ishiyama,' Yukio Kondo,'
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'Cellular Transplantation Biology, Division of Cancer N

A small population of CD55-CD59~ blood
cells was detected in a patient who devel-
oped donor-type late graft failure after
allogeneic stem cell tr lantation (SCT)

University Gradual

mine insertion in PIGA exon 2. A sensitive
mutation-specific polymerase chain reac-
tion (PCR}-based analysis detected the

for tment of aplasti ia (AA).
Chimerism and PIGA gene analyses
showed the paroxysmal nocturnal hemo-
globinuria (PNH)-type granulocyles to be
of a donor-derived stem cell with a thy-

itation exclusively in DNA derived from
the donor bone marrow (BM) cells. The
patient responded to immunosuppres-
sive therapy and achieved transtusion
independence. The small population of
PNH-type cells was undetectable in any

School of Med

, Japan

of the 50 SCT recipients showing stable
engraftment. The de novo development of
donor cell-derived AA with a small popu-
lation of PNH-type cells in this patient
supports the concept that glycosyl
phosphatidylinositol hored protein—
deficient stem cells have a survival advan-
tage in the setting of immune-mediated
BM injury. (Blood. 2008;112:2160-2162)

Introduction

Although small populations of CD55 CD5Y9 blood cells are often
detectable in patients with aplastic anemia (AA), it remains unclear
how such paroxysmal nocturnal hemoglobinuria (PNH)-type cells
anse.! We recently encountered a patient with immune-mediated
late graft failure (LGF) following allogeneic stem cell transplanta-
tion (SCT) for tremment of AA. Analyses of the patient’s peripheral
blood (PB) and bone marrow (BM) showed hematopoietic stem
cells (HSCs) of donor origin with mutant PIGA, supporting the
concept that glycosyl phosphatidylinositol-anchored protein (GPI-
APr=deficient stem cells have a survival advantage in the setting of
immune mediated BM injury.

Methods

Patients

A 59-yeur-old man underwent allogeneic PBSCT from s human leukocyte
antigen (HLA)-matched sibling donor after conditioning with fludarabin
{120 mg/m?y, eyclophosphamide (1200 mg/m?), and antithymocyte globu-
lin (60 mg/kg) for treatment of very severe AA in Aprl 2002 (Table 1) and
achicved complete donor chimerisim with normal blood cell counis. In
Januvary 2006, he developed pancytopenia and was diagnosed as having
LGF without residual recipient cells. The patient underwent a second
PRSCT from the original donor without precondinoning on February 8,
2006, Pancytopenia resolved completely by day 16 after PBSCT. However,
ut approximately day 60, the blood counts decreased gradually, and the
patient became transfusion-dependent. On day 196 afier the second PBSCT,
the white blood cell (WBC) count was 5.3 > T0%L with 17% neutrophils,
the hemaglobin concentration was 75 g/L, and the platelet count was
22 X 10%L, Tremment with horse antithymocyte globulin (ATG) and
eychsporine was started on day 205 after the second PBSCT. Transfusions
were terminated after 88 days of the immunosuppressive therapy. Although

the patient presently receives low -dose tacrolimus for treatment of chronic
grafi-versus-host disease, which developed | year after the second PBSCT,
his pancytopenia has markedly improved as shown in Table 1. PB and BM
of the patient were subjected to analyses of chimenism and flow cytometry
o detect CD55CDS59” cells and PIGA pene analysis.

As controls, the PB from 51 SCT recipients (48 with hemanlogic
malignancies and 3 with AA) whe achieved u complele recovery of
dopor-derived hematopoiesis were subjected to flow cytometric analysis for
the screening of CDSS CDS9 cells, OF the 51 patients, 4 and 23,
respectively, had acute graft-versus-host discuse (GYHD) of grade 1l or
higher and chronic GVHD at sampling.

BM aspirates were oblained from the patient’s donor and 10 healthy
individuals for PIGA gene analysis, Informed consent was obtained from all
patients and healthy individuals in accordance with the Decluration of
Helsinki for blood ex and the exy I protocol for PIGA
gene analysix was approved by our participating institutional ethics
committee (No.157),

Detection of PNH-type cells

To detect GPI-AP deficient (GP1-AP ™), PNH-1ype cells, we performed
high-sensitivity 2-color flow cytometry of granulocytes and red blood
cells (RBCs), as described previously.! The presence of 0.003% or
more CD55 CD5Y CDHbY  granulocytes and  0.005% or more
CDS5S €DSY glycophorin-A* RBCs was defined as an abnormal increase
based on the results in 183 healthy individuoals

Cell sorting and chimerism analysis

CD3 *cells were isolated from the PB mononuclear cells of the patient using
magnetc-activated cell sorting {MACS) CD3 Microbeads (Miltenyi Biotec,
Auburn, CA). The CDS5 CD59 CDIIb' granulocytes were separated
from the CD55'CDSY'CDIIB T granulocytes witha cell sorter (JSAN: Bay
Bioscience, Yokohama, Japan). More than 95% of the sorted cells were
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Table 1. Hematologic parameters ol donor and reciplent
Recipient
Atwer 20 mo of

Donor Betore 18t SCT Belore 2nd SCT AL ATG therapy ATG therapy
Date Apr 2002 May 2008 Apr 2002 Jan 2006 Aug 2008 Apr 2008
WBC counl. = 1091 10 a1 12 17 53 40
Neutrophil proporions, % 77 65 o o 7 62
RBC count, « 10" 421 443 220 275 207 304
Retculocytes, - 10%L ol bested 35 2 - | 26 &1
Hemogiotan, gL e 150 7 L ] 120
Platelet count, - 10°L 261 230 i 52 22 54

CDS5°CD39°CD1Ib". The DISKO locus was amplified from DNA of
different cell populations with an AmpliFL.P D1580 PCR Amplification Kit
i Perkin-Elmer Cetus, Norwalk, CT)

PIGA gene analysis

The coding regions of PIGA were amplified by seminested PCR or nested
PCR from DNA extracted from the somed PNH-1ype cells using 12 primer
sets’ (Table S1. available on the Blood website; see the Supplemental
Materials link at the top of the online article), and 6 ligation reactions were
used to transform competent Esche richia coli IM109 cells (Nippon Gene,
Tokyo, Japan). Five clones were selected randomly from each group of
transfectants and subjected to sequencing with a BigDye Terminator v3.1
Cycle Sequencing Kit (Applied Biosystems, Foster City, CA) and an ABI
PRISM 3100 Genetic Analyzer ( Applied Biosystems)

Amplification refractory mulation system PCR

On the basis of 8 mutant sequence detected in PIGA of the patient, a nested
amplification refractory mutation system ( ARMS) forward primer with a

A __
or Recipient.
Before Aher sescnd PESCT
secord PEECT 4 o 12 morthe 29 morths
- . d L e
s s 8 & e
I-:-u' o oo ’ pors ook |
: i o

gt | Yy

) .’ 0

a7

12 momr
afer 2 PRECY
GP-AF granccyles

€ mothy
PBSCT
GP-AP granucoytes

Winiype

Fperminal nucleotide sequence complementary o the mutant sequence
was prepared” (Table S1). To enhance the specificity, a mismatch at the
penultimate nuclentide position of the mutation site was incorporated in the
ARMS forward primer (P1.%7 Pl and a reverse primer (P3) were used 1o
amplify a 127 bp fragment containing the mutant sequence from the exon 2
amplified product. PCR was conducted under the following conditions;
denaturation for 30 seconds at 94°C, snmealing for 60 seconds at 64°C and
exiension for 90 seconds at 72°C for 20 cycles, Another forward primer
(P2), complementary 1o the wild-type PIGA sequence upstream of the
mutation site. was used in combmation with P3 w0 amplify an internal
control according 1o the same condition of ARMS.-PCR.

Results and discussion

PNH-1ype cells were not detected in the donor or the patient at the
time of development of the first LGF, whereas 0.147% PNH-type
granulocytes and 0.0 19% PNH-type RBCs were detected in the PB

D

/1

Figure 1. Analysis of PNH-type cells after the second PBSCT. (A) High-sansitivity flow cylometry detected small populations of CU5S - 0SS cels in both granulocytes and
redt blood cels a1 the development of the second LGF as well 35 in those cbtaned 6 Bnd 12 moriths later, but did nol detect PNH-type cells in the donor or n the recipient betore
ihe second PBSCT. The numbers denole the proporion of PNH-type cells in CD116* granulocytes or glycophonn A* RBCs. (B) DISE0 allebe pattemns of soned GPLAP
granulocytes. GPHAP® g and CD3* lymphocytes. The polymerass chain reaction (PCR) products were subjeciad 10 8% polyacrylamida gel slactiophoresis and
visuakized by siver staining. (C) Nucleotide sequences of PIGAexon 2 in DNA tiom PNH-type granulocyiss oblained 6 and 12 months afier the second PBSCT. (0] A schematic
Hlustration for ARMS-PCR is shown. Primer positions for the firsl. second are shown by short amows. A black box and adicent lines represent exon 2 and introns, respactively,
(E)Amplified products of control PCA (The upper gel) and ARMS-PCH (the lowir gel) were slectiophoresed m 12 5% polyacrylamide gel and visualized by the siver siaining. A
pMO20-T vector g thy tated exon 2 ingr was used as a positive contred lor ARMS-PCR. The templats DNA derives lrom a plasmid contaning the mutaled axon
2inlana 1, donar BM in lane 2, donor PB in lane 3, mcipient BM in lans 4, recipient PB in lane 5, and BM from healthy individuals in lanes 610 11 PCR with & 5° primer specific
10 the nuciechde sequence upstream of the murated sequence amphfied a 261 bp fragment irom DNA of the donor and all healthy ndwvdials
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obtained at the time of development of the second LGF (Figure
1A). Similar percentages of PNH-type blood cells were detectable
in the PB of the patient 6 and 14 months later. When PB from 51
SCT recipients was examined, none of the patients were found 10
have detectable PNH-1ype cells (data not shown), PNH-type blood
cells were also undetectable in a donor PB sample obtained
21 months later.

The 21580 locus allelic pattern of the PNH-type granulocytes
in the paticnt was compatible to that of the donor (Figure 1B). The
emergence of donor-derived PNH-type cells and hematologic
improvement after immunosuppressive therapy suggest that LGF
arises as a result of de novo development of AA which affects the
donor-derived hematopoietic stem cells (HSCs).

PIGA gene analysis of the DNA prepared from the sorted
PNH-type cells of the patient obtained at the development of
LGF and 6 months later showed an insertion of thymine at
position 593 (codon 198) in 3 of Sclones and 5 of S clones
examined, respectively (Figure 1C). Mutations in other exons
were not identified. The presence of a single P/GA mutation in
PNH-type granulocytes and ils persistence over 6 months
suggest that these PNH-type cells are derived from a mutant
HSC rather than from a committed granulocyte progenitor cell.
Moreover, an ARMS-PCR with a 5 primer specific 1o the
mutated sequence amplified a 127 bp fragment from DNA of the
donor BM as well as of the recipient BM and PB whle it failed
1o amplify the same fragment in donor PB and in BM of all 10
healthy individuals (Figure 1D).

These experiments demonstrate that P/GA-mutant HSCs
were present in the BM of the donor in a dormant state and were
transplanted into the recipient and provide, for the first time, in
vivo evidence that PIGA mutant, GPl-AP-deficient HSCs have a
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survival advantage in the setting of immune mediated BM
injury. Similarly, relative resistance to immune injury likely
accoums for the high incidence of PNH observed in association
with acquired AA.
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Abstract

Background: Annexin |l is a receptor for tissue-type plasminogen activator (t-PA) that
converts plasminogen to plasmin, Although the fibrinolytic system is known to play an
important role in the pathogenesis of abdominal aortic aneurysms (AAAs), the
relationship between annexin Il and AAA development is unknown. Therefore, we
examined annexin Il localization in the wall of human atherosclerotic AAAs.
Methods and Results: Specimens from 13 patients undergoing elective repair of an
AAA were taken. Annexin Il expression was evaluated by immunohistochemical
analysis. Immunostaining results were semiquantitatively analyzed using histology
scores and WinROOF software based on staining intensity. The expression of annexin |l
was increased and the histology score was higher in the shoulder region of the
atheromatous plaque than in the atheroma and fibrous plaque reglons. Annexin Il
appeared to have greater expression and the histology score was higher in regions
where the media was preserved. Furthermore, there was a significant inverse
correlation between AAA size and histology score in the fibrous plaque region.
Conclusions: The present work demonstrates various levels of annexin |l expression
within the aneurysm wall. Therefore, we suggest that alteration of annexin II

* Corresponding author. Tel.: +81 76 265 2275; fax: +81 76 234 4252,
E-mail oddress: tomoeha®aol.com (T, Hayashi),

0049-3848/5 - see front matter. Crown Copyright © 2008 Published by Elsevier Ltd. All rights reserved.

doi:10.1016/).thromres.2008.03.027




Expression of annexin Il in human atherosclerotic abdominal aortic aneurysms 275

expression within the aortic wall may be associated with the development of an

aneurysm,

Crown Copyright © 2008 Published by Elsevier Ltd. All rights reserved.

Introduction

Abdominal aortic aneurysm (AAA) is a common and
highly lethal disease. The destruction of elastin is
considered to be one of the major factors respon-
sible for the pathogenesis of AAA. As elastic fibers
normally maintain the structure of the vascular wall
against hemodynamic stress, proteolytic degrada-
tion induces disorganized extracellular remodeling,
leading to progressive aortic enlargement and ul-
timate rupture [1].

The fibrinolytic system also plays an important
role in the process of extracellular-matrix (ECM)
remodeling [2], and there have been many reports on
its expression in the vessel wall [3,4]. In this system,
two plasminogen activators (PAs), tissue-type (t-PA)
and urokinase-type (u-PA), generate plasmin from
the inactive proenzyme plasminogen. Plasmin is a
trypsin-like proteolytic enzyme capable of directly
degrading some companents of the ECM, as well as
activating matrix metalloproteinases (MMPs) [5].
MMPs are known to degrade the ECM, including col-
lagen and elastin, impairing the structural integrity
of the vascular wall [6-8]. Previous studies demon-
strated increased fibrinolytic activity and t-PA and
u-PA gene expression in atherosclerotic human aortic
aneurysms compared with nondilated atherosclerotic
aortic wall and normal aorta [9,10]. In addition, other
reports showed that t-PA and u-PA mRNA as well as
their immunoreactivities were increased within the

aneurysmal wall [11]. These data suggest that the
fibrinolytic balance in the aneurysmal wall is dis-
turbed, and this imbalance may lead to increased
plasmin generation, activation of MMPs, and struc-
tural degeneration of the vessel wall.

Annexin Il has been described as a receptor for
fibrinolytic proteins and belongs to a family of
calcium-regulated, phospholipid-binding, membrane
proteins [12,13]. Annexin Il is mainly expressed on the
surface of vascular endothelial cells and is also found
in some epithelial cells [13,14], promyelocytic leuke-
mia cells [15], and cells of several monocyte-like lines
[16]. According to kinetic studies, annexin Il binds
plasminogen and t-PA independently, thereby enhan-
cing the catalytic efficiency of plasminogen activation
by 60-fold [13]. As annexin Il has a variety of biological
activities, it was recently shown that annexin Il plays
an important role in the pathophysiological action
of macrophages during the inflammatory process, and
facilitates plasminogen-mediated matrix invasion and
degradation by macrophages [17].

In this study, we used immunohistochemical anal-
ysis to detect the expression of annexin Il in athero-
sclerotic AAAs. In addition to identifying specific
areas of annexin Il expression, we also described var-
jous levels of annexin Il expression according to the
magnitude of destruction of elastic fibers in the tu-
nica media. These results suggest a linkage between
atherosclerosis, enhanced fibrinolysis, and the po-
tential breakdown of the vessel wall.

Atheromatous plaque
Fibrous plaque 1 Fibrous plaque

Intima
Media

Figure 1

Schematic showing a portion of the atheromatous plaque, as described in Materials and Methods. (A): shoulder region,

(B): fibrous cap, (C): atheroma. Histological classification of the cells according to their immunointensity. Representative
immunchistochemical images for Annexin Il (red stain) are shown in each panel. a: 0, negative, b: 1+, weekly positive, c: 2+,

moderately positive, d: 3+, strongly positive.
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Material and Methods
Sample collection

All procedures were approved by the local scientific ethical
committee and reported to the data protection authorities.
Specimens of vascular tksue were obtained with informed consent
from 13 consecutive patients (11 males, 2 females, mean age:
73.1 years, ranging from 63 to 83 years) with an atherosclerotic risk
profile (hypertersion, 92%; dyslipidemia, 54%; smoking, 46%)
undergoing elective resection of an AAA at the Kanazawa University
Graduate School of Medicine. The mean size of the aneurysm,
measured as maximal infrarenal aortic transverse diameter by
ultrasound or CT, was 5.9 1.2 cm (range, 4.0 to 7,7 cm). None of
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the patients suffered frem AAA rupture at the time of surgery.
Specimens were taken from the anterior wall of the part of the
aneurysm with the largest diameter, Specimens were immediately
fixed in 10% formalin at room temperature for 24 hr, embedded in
paraffin, and cut into sections,

Light microscopy

Each paraffin section was stained with hematoxilin-eosin (H & E)
and elastica van Gieson. For analysis, we used light microscopy to
examine aortic tissues divided into the regions of the fibrous
plague (free of atheroma) and the atheromatous plaque. Mare-
aver, the atheromatous plaque was subdivided into shoulder,
fibrous cap, and atheroma (lipid core) regions (Fig. 1A, B and C).

Fibrous plaque
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Immunohistochemical localization of annexin Il in the human AAA wall. Atherosclerotic vessel wall specimens from

AAAs were analyzed by elastica van Gieson (EVG) staining, tPA immunostaining, and double-immunostaining for CD68 and
annexin Il, or a-smooth muscle actin («-SMA) and annexin I, (A) Atheromatous plaque region. There were marked inflammatory
infiltrates in the shoulder region (a'). Annexin Il expression (red stain) In atheroma and the shoulder region are shown in a1 and
a'1, respectively. Annexin Il expression in the atheroma and shoulder region mainly colocalized with CD68+ macrophage (brown
stain) in the atheroma (a2) and shoulder (a2) region of the atheromatous plaque. (B) Fibrous plague region. Annexin Il
expression (red stain) in the fibrous plaque region is shown in b1, Annexin Il expression in the fibrous plaque region is mainly
colocalized witha-SMA-positive cells (brown stain) shown in b2, tPA expression (brown stain) was observed in parallel with
expression of annexin Il (a3, a'3, and b3). The corresponding digitized images analyzed with WinROOF software are shown in a4,
a4, and b4, respectively. The annexin Il-positive areas are displayed in green.




Expression of annexin Il in human atherosclerotic abdominal aortic aneurysms

277

Immunchistochemistry

Immunohistoechemical staining for annexin Il (sc-9061, diluted
1:100, Santa Cruz Biotechnology, Inc., CA, USA) and tPA (goat
anti-human LPA antibody, No.387, American Diagnostica Inc., CT,
USA) was performed with the use of the EnVision+System
(DakoCytomation Denmark A/S, Glostrup, Denmark). Further-
mare, in order to identify which type of cells contained annexin Il
in the artery walls, «-smooth muscle actin («-SMA) and annexin
Il, or CD68 and annexin Il were double-immunostained in the
same tissue sections. Formalin-fixed, paraffin-embedded tissue
sections were routinely deparaffinized. For antigen retrieval, the
tissue slides were treated with trypsin (Histofine trypsin solution,
Nichirei, Tokyo, Japan) for o-SMA, or pepsin (Histofine pepsin
solution, Nichirei) for CD68. Endogenous peroxidase activity and
nonspecific antigen sites were blocked with 1% hydrogen
peroxide solution for 5 min, and 4% goat serum for 15 min at
room temperature, The sections were then incubated overnight
at 4 "C with mouse monoclonal anti-human a-SMA antibody
{clone asm-1, diluted 1:50, Novocastra, Newcastle, UK) or mouse
monoclonal anti-human CD68 antibody (clone KP-1, diluted
1:100, DakoCytomation Denmark A/S, Glostrup, Denmark),
followed by application of the EnVision+System using the
peroxidase method (brown stain). After the coloring reaction,
the Lissue sections were washed in distilled water and micro-
waved in 10 mM citrate buffer (pH 6.0) for 5 min for annexin Il
antigen retrieval., They were then incubated overnight at 4 °C
with rabbit polyclonal anti-human annexin Il antibody, followed
by application of the EnVision-AP System (DakoCytomation
Denmark A/S) using the alkaline phosphatase method (red
stain). The tissue slides were counterstained with Mayer's hema-
toxylin and mounted.

Histology score-based semiquantitative analysis

Semiquantitative analysis using histology-scores was based on
previously-described methods [18,19]. Briefly, the immunoin.
tensity of the cells was assessed in five randomly selected 200 pm
square areas in each region, under microscopic observation at
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=200 magnification, and then graded as follows: 0, negative; 1+,
weakly positive; 2+, moderately positive; and 3+, strongly pos-
itive (Fig. 1. a-d). The histology score was based on the number
of positive cells (Pi) and their staining intensity (i), and was
calculated In each region according to the following formula:
Histology Score= X{i=Pi), 1=1,2, or 3, and Pi varies.

Computer-assisted semiquantitative analysis

To confirm the results of the histology-score method objectively,
we performed computer-assisted analysis using WinROOF image-
processing software (Mitani Corp., Tokyo, Japan). This software
allowed accurate identification and calculation of the immunos-
tained area, The macroinstruction was composed of algorithms
for color identification based on red-green-blue (RGB) and hue-
luminosity-saturation (HLS) parameters. We set the macroin-
struction, which extracted almost all grades of intensity ranging
from weak to strong, and then calculated the ratio of the
immunostained area to the corresponding area evaluated by
the histology-score method (i.e., the area which was cut from
the extracted images at a size of 200 pm square in each part)
(Fig. 2. a4, a4, and b4).

Statistical analysis

All data are shown as the meansstandard error (se), and
coefficient of variation (CV), Statistical analysis was performed
with a Wilcoxon signed-rank test and analysis of variance (MNon-
Parametric ANOVA), followed by Scheffé's post hoc test. A cor-
relation analysis was performed using Spearman’s rank correla-
tion test. Statistical significance was established at the p<.05
level,

Results

Copious extracellular matrix components and inflammatory
infiltrates were found in the intima, especially in the shoulder

Brimeinn 0
.; -,1:_,: ¥ ',‘ .- t-
.’_.Lr,- A

e

a2
EREN

A: Representative histological sections stained with elastica van Gieson (x40), which showed a good contrast

between elastin (black), collagen (pink), and smooth muscle cells (yellow). (a) (b): Immunohistochemical demonstration of
annexin Il expression in the area with preserved tunica media (a) and without media (b). The annexin Il expression appeared to

be higher in regions with preserved media.
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region of the atheromatous plaque, and elastic fibers were
fragmented in parts, as shown by elastica van Gieson's staining
(Fig. 2A and B).

Localization of Annexin Il protein in the
aneurysmal wall

Annexin Il expression in the aneurysmal wall was analyzed by
immunohistochemistry. The expression of annexin Il was
substantially increased in the shoulder region of the
atheromatous plaque (Fig. 2. a'l), as compared with the
atheroma and the fibrous plaque regions (Fig. 2. a1 and b1).
As shown in Fig. 4A, the histology score was significantly
higher (p<0.01) in the shoulder reglon (427:282, 0.66) than
in the atheroma (54.0+34.6, 0.64) and the fibrous plaque
regions (130:53.2, 0.41). The fibrous cap region was pre-
served in some specimens, and the expression of annexin Il
was substantially increased in this region. However, we could
not obtain five 200 pm square areas for determination of the
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histological score, as they were peeled away in the process of
taking specimens.

The expression of annexin Il in the shoulder region was
mainly colocalized with CD68-positive macrophages (Fig. 2.
a), and a-SMA-positive smooth muscle cells also expressed
annexin Il in the fibrous plaque region (Fig. 2. bZ). Moreover,
Annexin Il expression was confirmed by the consistent ex-
pression of tPA (Fig. 2. a3, a3 and b3). As expected, the
intimal endothelium of the aneurysmal wall and the endo-
thetial cells of capillaries within the wall also expressed
annexin Il. Annexin Il was expressed ubiquitously in the adven-
titia of every specimen,

To determine the relationship between elastic fibers and
annexin Il expression, we selected eight cases in which there
was a distinct line of demarcation of preservation of elastic
fibers in the media and compared the expression of annexin Il
in the intima with or without elastic fibers. The annexin ||
expression appeared Lo be higher in regions where the elastic
fibers were preserved (Fig. 3. (a), (b)). The histology score
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Figure 4 Histology score and the ratio of the annexin Il immunopositive area to the histology score in each region (calculated
by WinROOF). A: Histology score in the atheroma and shoulder regions of the atheromatous plaque and fibrous plague region,
B: Histology score in the area with and without preserved tunica media. C: The ratio of the immunopaositive area in the atheroma
and shoulder regions of the atheromatous plaque and fibrous plague region, D; The ratio of the immunopasitive area in regions
with and without preserved tunica media, Each bar represents x1 5D, *p<0.0001, *p<0.001, *** p<0.05.
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Figure 5 Relationship between the AAA diameter and the
histology score (HSCORE) in the fibrous plaque region. There
was a significant inverse correlation (Spearman’s rank test)
between the AAA diameter and the histology score (r=0.441,
p=0.05).

was also higher in the area with elastic fibers (49.9+21.5,
0.43) than without elastic fibers (26.4+20.0, 0.76), and the
difference was statistically significant {p<0.05; Fig. 4B).
There was no significant difference between regions in the
number of infiltrated cells.

To compensate for a lack of objectivity of the histology-
score method, a computer-assisted semiquantitative analysis
was also performed using WinROOF software. The ratio of the
immunopositive area was significantly higher (p<0.0001) in
the shoulder region (35.5+ 10.4%, 0.29) than in the atheroma
(5.7214.22%, 0.74) and the fibrous plaque regions (3.39:
1.52%, 0.74) (Fig. 4C). When we analyzed the results based on
the presence of elastic fibers, the ratio of the immunopositive
area was significantly higher (p<0.05) in the area with elastic
fibers (24.4+ 12.0%, 0.49) than without elastic fibers (11.1z
9.11%, 0.82) (Fig. 4D).

There was a weak but significant correlation between the
histology score and the ratio of the immunopositive area
based on the WInROOF analysis (r*=0.264, p<0.01).

Correlation between AAA size and annexin |l
expression

To clarify the role of annexin Il in AAA farmation, it is ex-
tremely important to understand the magnitude of annexin Il
expression in AAAs of different size. We therefore examined
the correlation between the AAA size and the histology score
or the ratio of the immunopositive area calculated by
WinROOF. As shown in Fig. 5, there was a weak but significant
inverse correlation between the AAA size and histology score
in the fibrous plaque region (rf=0.441, p<0.05). Further-
more, there was also an inverse, nonsignificant correlation
between the AAA diameter and both the histology score and
the ratio of the immunopositive area in the shoulder region.

Discussion

Advanced, complicated atherosclerotic lesions tend
to have a fibrous cap that covers a necrotic core and
expands at the shoulder region. Macrophages enter,

accumulate, and are activated at the shoulder
region; this is where apoptosis may occur. In this
study, we showed numerous inflammatory cells
infiltrating the shoulder region of the atheromatous
plague, and a high histology score for annexin Il
colocalized with CD68-positive macrophages in this
area. Thisis the first report that showed the annexin
Il expression in the human atherosclerotic aneur-
ysmal vessel wall. These results suggest that there
may be a relationship between the expression of
annexin |l and the progression of atherosclerosis in
the aneurysmal wall,

Several studies point to a significant role of t-PA
in atherogenesis, although less is known about the
role of t-PA than u-PA. Stein et al. reported that t-PA
was produced by macrophages in the arterial wall in
severe atherosclerosis [20] and Schneiderman et al.
showed similar results in AAAs [10]. In addition, it
has been reported that t-PA-induced plasmin gen-
eration and monocyte migration are partially
dependent on annexin Il, and macrophage secretion
of t-PA and its annexin ll-mediated activation of
plasminogen at the cell surface could play an im-
portant role in matrix remodeling [17]. A recent
report also indicated that annexin Il-mediated plas-
min production triggers macrophage cytokine
expression in atherosclerotic lesions [21], suggest-
ing that annexin Il is closely involved in the pro-
gression of intimal legions in aortic aneurysms as
well as other atherosclerotic diseases.

In addition to the annexin Il expression by inti-
mal monocytes/macrophages, we also confirmed
annexin |l expression by smooth muscle cells in the
tunica media of the aortic aneurysm wall. Annexin Il
expression was enhanced in lesions with residual
elastic fibers, or in small-sized lesions. These find-
ings suggest that annexin Il expression might be
enhanced in lesions in the earlier stage of aneurysm
formation.

Regarding the cause of aortic aneurysms, it has
been considered that plasmin expression degrades
elastic fibers via activation of MMP, resulting in de-
struction of the wall structure [6-8]. Our result
suggest that annexin |l-dependent plasmin produc-
tion in the early stage of aneurysm formation may
indirectly degrade elastic fibers via activation of
MMP, and this effect diminishes as the aneurysm
expands. However, based on our study alone, it is
unclear whether enhanced annexin Il expression is
actually involved in aneurysm formation. It is possible
that a change in annexin |l dynamics is not the cause
but rather the result of aneurysm formation. It is also
unclear whether annexin Il expression is really
decreased in advanced lesions, and the mechanism
involved in a shift from enhanced to decreased ex-
pression is unknown. There may be a mechanism in



