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Abstract

A 46-year-old woman with epigastric pain was found to have
a cystic tumor in the pancreas head on radiological examina-
tions. The tumor was hypervascular, and its multilocular
appearance resembled the “honeycomb” pattern of serous
cystic tumor (SCT). The patient underwent surgery. The cut
surface of the tumor showed a thick fibrous capsule with mul-
tiple cystic components, which contained necrotic tissue and
brownish serous fluid, indicating an episode of hemorrhage.
The cut surface of the tumor resembled solid-pseudopapillary
tumor {SPT) on gross appearance. On immunohistochemical
staining, the tumor cells showed diffuse and strong staining
for synaptophysin (SYN), chromogranin A (CGA), and
grimelius, and no staining for o 1-antitrypsin or CD10. We
finally made a diagnosis of pancreatic endocrine tumor (PET).
As PET sometimes shows an atypical multicystic appearance,
immunohistochemical staining is mandatory for its correct
diagnosis.
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Introduction

Pancreatic endocrine tumor (PET) usually has a solid
appearance, but it sometimes exhibits cystic compo-
nents, especially in large lesions. Degenerative changes,
such as hemorrhage and necrosis within the tumor
during its growth, lead to the formation of cystic com-
ponents." If a cystic lesion is small enough, it is easy to
make a correct diagnosis of PET. However, in cases in
which the cystic components are intricate or occupy
most of the tumor, it is sometimes difficult to distinguish
it from other cystic tumors of the pancreas, such as
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solid-pseudopapillary tumor (SPT), mucinous cystic
tumor (MCT), and serous cystic tumor (SCT).

This is a case report of a multicystic PET, which was
preoperatively diagnosed as SCT and whose cut surface
resembled SPT on gross appearance. We reached the
correct diagnosis by performing immunohistochemical
staining.

Case report

A 46-year-old woman presented with recurrent epi-
sodes of epigastric pain. She had had a history of bron-
chial asthma as a child, but was no longer on medication.
She had no significant family history. On physical
examination, no tumor was palpable in her abdomen.
Laboratory test results, including amylase level, liver
function, and carbohydrate antigen (CA) 19-9 and
carcinoembryonic antigen (CEA) levels, were all within
normal limits. Abdominal ultrasonography (US)
revealed a well-circumscribed, multilocular cystic mass
in the head of the pancreas that measured up to 6cm
in diameter. Endoscopic ultrasound examination (EUS)
showed the structure of the tumor more clearly, and
multiple cysts of variable size resembled the “honey-
comb” appearance of SCT (Fig. 1a). Computed tomog-
raphy (CT) demonstrated a 6-cm mass in the head of
the pancreas; the mass was encapsulated by a
thick wall, with calcification in the precontrast phase
(Fig. 1b,c). The wall, septum, and solid components of
the tumor were highly enhanced by contrast medium
(Fig. 1d,e). Neither liver metastasis nor lymph node
involvement around the pancreas was detected. After
the CT examination, a skin rash emerged on her whole
body, so further examination using contrast medium
(angiography or endoscopic retrograde cholangiopan-
creatography [ERCP]) was not performed. On mag-
netic resonance imaging (MRI), the tumor showed
heterogeneous low intensity on Tl-weighted images
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Fig. 1. a Endoscopic ultrasound (EUS) examination showed
multiple cysts of variable size, which resembled the “honey-
comb” appearance of a serous cystic tumor (SCT). b, ¢ Com-
puted tomography (CT) demonstrated a 6-cm mass in the
head of the pancreas, encapsulated by a thick wall, with cal-
cification in the precontrast phase. d, € On CT, the wall,

and spotty high signal intensity, in concordance with
the cystic components, on T2-weighted images. Mag-
netic resonance cholangiopancreatography (MRCP)
revealed that the main pancreatic duct (MPD) and
common bile duct (CBD) were compressed by the
tumor and showed mild dilatation distally (Fig. 1f).

With a presumptive diagnosis of SCT, the patient
underwent sub-total stomach-preserving pancreatico-
duodenectomy (SSpPD). The postoperative course was
uneventful and she was discharged on the fourteenth
postoperative day. Six months after the surgery, she is
alive without any evidence of recurrence.

Macroscopically, the tumor was round and elastic
hard, measuring 7.5 x 7.0 x 6.5cm. The cut surface
showed a thick fibrous capsule with multiple cystic com-
ponents, which contained necrotic tissue and brownish
serous fluid, indicating an episode of hemorrhage
(Fig. 2a). The gross appearance of the cut surface of the
tumor resembled an SPT.

Microscopic examination revealed that the tumor was
extensively vascularized, with areas of hemorrhage and
necrosis, and a moderate amount of stroma. The tumor
cells were medium-sized and their nuclei. were round

septum, and solid components of the tumor were highly
enhanced by contrast medium. f Magnetic resonance cholan-
giopancreatography (MRCP) revealed that the main pan-
creatic duct (MPD) and common bile duct (CBD) were
compressed by the tumor and showed mild dilatation
distally

and uniform. No mitosis was detected. The tumor cells
were arranged mainly in a trabecular pattern. In some
areas, however, the tumor cells were separated
by stroma and showed a pseudopapillary-like pattern
(Fig. 2b,c). There was no lymph node metastasis around
the tumor. Neither extracapsular invasion nor blood
vessel invasion was detected. For discrimination between
SPT and PET, immunohistochemical examination was
performed. The tumor cells showed diffuse and strong
staining for synaptophysin (SYN; Fig. 2d), chromo-
granin A (CGA; Fig. 2e), and grimelius (Fig. 2f), and
weak staining for AE1/AE3. However, there was no
staining for o 1-antitrypsin or CD10 (Fig. 2g). The mor-
phologic appearance and immunohistochemical profile
were compatible with PET. To evaluate the malignant
potential of this tumor, we checked the MIB-1 index,
and it was less than 1%.

Discussion

Pancreatic endocrine tumor (PET) usually shows a solid
pattern, but it sometimes exhibits cystic components,
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Fig. 2. a Macroscopically, the cut surface of the tumor showed
a thick fibrous capsule with multiple cystic components. lts
gross appearance resembled a solid-pseudopapillary tumor
(SPT). b, ¢ Microscopically, the tumor cells were arranged in
a trabecular pattern. In some areas, however, the tumor cells

especially in large lesions. The formation of cystic com-
ponents within PET seems to be due to hemorrhage and
necrosis of the tumor during its-growth.' These degen-
erative changes are sometimes accompanied by the
formation of a fibrous capsule around the tumor,
which reduces its vascularization and promotes isch-
emic changes.’

Most cystic PETs are reported to be nonfunctioning
tumors which do not produce enough hormone to
produce clinical symptoms, whereas functioning tumors
such as gastrinomas and insulinomas are usually detected
at a small size because of their characteristic clinical
manifestations.”

Cystic PET, of course, has the same radiological char-
acteristics as the common sohd type of PET, such as
hypervascularity and the presence of calcification. Fur-
thermore, cystic PET is reported to have unique radio-
graphic findings such as thickening of the cyst wall and
irregularity of the inner surface.” These structures are
well-enhanced on post-contrast CT or MRI. The cystic
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showed a pseudopapillary-like pattern. d, ¢, f, g On immuno-
histochemical staining, the tumor cells showed diffuse and
strong staining for synaptophysin (d), chromogranin A (e),
and grimelius (f),and no staining for CD10 (g). b H&E, x100;
¢ H&E, x200; d x200; e x200; f x400; g x200

components of PET vary in size and number. They are
sometimes unilocular and sometimes multilocular. If
the cystic lesion is small enough, it is possible to reach
the correct diagnosis of PET from its characteristic
radiological appearance, as mentioned above. However,
when it shows a complicated cystic pattern, cystic PET
can be misdiagnosed as other cystic tumors of the pan-
creas, such as SPT, SCT, and MCT.

Ligneau et al.’ reported that 7 of 13 cystic PETs
showed a microcystic appearance, and 2 of the 7 were
diagnosed as SCT preoperatively. Gerke et al.® reported
a case of a nonfunctioning PET that had the typical
microcystic “honeycomb” appearance of SCT on pre-
operative imaging. Similarly, our initial diagnosis in the
present patient was SCT, as the tumor was hypervascu-
lar, and its multilocular appearance resembled the
“honeycomb” pattern of SCT. The thickness of the wall
of the tumor, however, was not typical of SCT, which,
in retrospect, we should have noted. Some other case
reports have also indicated difficulties in making a diag-
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nosis of cystic pancreatic tumors preoperatively owing
to the variation in their appearance.”®

The gross appearance of the tumor in our patient
mimicked that of SPT. The tumor had a thick fibrous
capsule, consisted of solid and cystic components, and
contained necrotic tissue and brownish serous fluid,
which indicated a hemorrhagic episode. It is thought
that degenerative changes, such as necrosis and hemor-
rhage, occurred multifocally within the tumor during
its growth, followed by the formation of the cystic
components.

Microscopically, round, uniform tumor cells were
arranged in a trabecular pattern. As they were
separated by loose fibrous stroma, they displayed a
pseudopapillary-like pattern in some areas. SPT often
shows endocrine differentiation, and is sometimes posi-
tive for endocrine markers such as neuron-specific
enolase (NSE) and SYN.” On immunohistochemical
staining to differentiate PET from SPT, Notohara et al.”
reported that CD10 and neuroendocrine markers, such
as CGA and SYN, were useful. They reported that all
SPTs they investigated had strong reactivity for CD10,
whereas 95% of the PETs were negative or only focally
positive for CD10. All the SPTs were negative for CGA.
On the other hand, all the PETs demonstrated positive
reactivity for CGA. :

In our patient, the tumor cells showed diffuse and
strong staining for CGA, and no staining for CD10.
Thus, we finally made a diagnosis of cystic PET. We did
not perform immunohistochemical staining for insulin,
glucagon, somatostatin, or pancreatic polypeptide.
According to the recent World Health Organization
(WHO) criteria,’® this case was classified as well-
differentiated endocrine tumor with uncertain behav-
ior, because it did not have any lymph node metastasis,
local invasion, blood vessel invasion, or mitosis, and its
MIB-1 index was less than 2%, but the size of the tumor
was greater than 2cm. Our patient will need close
follow-up to monitor for recurrence.
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We should be alerted that PET sometimes shows
a multicystic appearance mimicking other pancreatic
cystic tumor entities. Immunohistochemical staining is
mandatory for the correct diagnosis of PET.
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Heat shock protein (HSP) 105 is overexpressed in various cancers,
but is expressed at low levels in many normal tissues, except for
the testis. A vaccination with HSP105-pulsed bone marrow-derived
dendritic cells (BM-DC) induced antitumor immunity without causing
an autoimmune reaction in a mouse model. Because Apc™™* mice
develop multiple adenomas throughout the intestinal tract by
4 months of age, the mice provide a dinically relevant model of
human intestinal tumor. In the present study, we investigated the
efficacy of the HSP105-pulsed BM-DC vaccine on tumor regression
in the Apc™™* mouse. Western blot and immunohistochemical
analyses revealed that the tumors of the Apc®™* mice endogenously
overexpressed HSP105. Immunization of the Apc**™* mice with
a HSP105-pulsed BM-DC vaccine at 6, 8, and 10 weeks of age
significantly reduced the number of small-intestinal polyps
accompanied by infiltration of both CD4* and CD8* T cells in the
tumors. Cell depletion experiments proved that both CD4* and CD8*
T cells play a critical role in the activation of antitumor immunity
induced by these vaccinations. These findings indicate that the
HSP105-pulsed BM-DC vaccine can provide potent immunotherapy
for tumors that appear spontaneously as a result of the inactivation
of a tumor suppressor gene, such as in the Apc™™* mouse model.
(Cancer Sci 2007; 98: 1930-1935)

Colorectal cancer is the third most common cancer and the
fourth most frequent cause of cancer death worldwide.
Every year, more than 945 000 people develop colorectal cancer
worldwide, and approximately 492 000 patients die.” For patients
with advanced stages of colorectal cancer, adjuvant systemic
chemotherapy is a standard treatment. Major progress has been
made by the introduction of regimens containing new cytotoxic
drugs such as irinotecan and oxaliplatin; however, the new
therapeutic regimens have led to only 8-9 months of progression-
free survival.® Consequently, the development of new and
effective therapeutic approaches, such as immunotherapy, is
needed to expand treatment options.

The progression from normal epithelium to colorectal cancer
is a multistep process involving the accumulation of multiple
genetic alterations.”” The APC gene, a tumor suppressor, is con-
sidered to be a gatekeeper in colon tumorigenesis,® and one of
the earliest molecular events is the loss of function of the APC
gene product.”) APC forms a multimeric complex with the
axis inhibition protein (AXIN)2 and glycogen synthase kinase
3P, which regulates the nuclear accumulation of B-catenin, a signal
transducer of the wnt pathway.® When the APC-B-catenin
complex is destabilized because of APC mutations, B-catenin
binds and activates transcription factors that regulate the
expression of potent oncogenes such as ¢-Myc and c-Met.” The

CancerSci | December2007 | vol.98 | no.12 | 1930-1935

importance of the APC gene product was confirmed by the
demonstration that 80% of all sporadic colorectal cancers are
characterized by one or more mutations in the APC gene,
approximately 60% of which result in the expression of a trun-
cated version of the APC protein.®

The Apc”™* mouse has a nonsense mutation from T to A in
the Apc gene at codon 850, homologous to the human germline
and somatic APC mutation.” Although homozygous mice die
before birth, all heterozygous mice develop multiple adenomas
throughout their intestinal tract at an early age."” The ApcMi'*
mouse model is unique in that tumors appear spontaneously
in the intestinal tract, rather than as a result of induction by a
carcinogen. This model is particularly advantageous for testing
preventive agents targeted against early stage lesions because
adenomas grow to a grossly detectable size within a few months
on a defined genetic background.'® Because Apc™* mice develop
tumors due to the inactivation of the same tumor suppressor
gene known to be involved in the pathogenesis of most colon
cancers in humans, this model represents a clinically relevant
model of human intestinal tumorigenesis."'” Furthermore, germline
mutations in the human APC gene cause FAP, whose symptoms
resemble those of an Apc”™* mouse. Therefore, this model provides
useful information about not only colon cancer but also FAP.

Heat shock proteins are soluble intracellular proteins that are
expressed ubiquitously, and their expression can be induced at
much higher levels due to heat shock or other forms of stress.
The essential functions of HSP are to bind and protect partially
denatured proteins from further denaturation and aggregation.'?
A previous study reported that HSP105 (often called HSP110),
identified with serological identification of antigens using the
recombinant expression cloning (SEREX) method, is overex-
pressed in a variety of human cancers, including colorectal,
pancreatic, thyroid, esophageal, and breast carcinoma, whereas
HSP105 is expressed at lower levels in many normal tissues,
except for the testis."'>'* Immunotherapy targeted at HSP105 in
the mouse prophylactic model, such as HSP105-pulsed BM-DC
and HSP105 DNA vaccines, induce antitumor immunity without
causing an autoimmune reaction.!*'% These findings indicate
that HSP10S itself could be considered as a valuable tumor-
associated antigen for immune-based treatment of various tumors.
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Another study reported that HSP105 is involved in tumorigenesis
by protecting cancer cells from apoptosis.® The constitutive
overexpression of HSP105 protein was found to be essential for
various cancer cells to survive and, conversely, the apoptosis-
inducing effect of HSP105 small interfering RNA (siRNA) is
specific for cancer. In contrast, HSP can also stimulate an adaptive
immune response against antigens bound to HSP,"? provided
that the vaccine forms a complex of recombinant HSP110 and
target tumor-associated antigen.!'®?

In the present study, Apc®™* mice were used as a model of a
cancer immunotherapy for human colorectal cancer. Because
tumors in Apc”™* mice strongly express HSP105, the efficacy
of immunization with HSP105-pulsed BM-DC for preventing
the development of tumors in ApcM™* mice was investigated.

Materials and Methods

Mice and genotyping. Frozen embryos of Apc”™* mice obtained
from the Jackson Laboratory were transferred to CS57BL/6J
mice (purchased from Charles River Japan, Yokohama, Japan) at
the Center for Animal Resources and Development, Kumamoto
University. Mice at 4-5 weeks of age were characterized for
the Apc genotype by polymerase chain reaction analysis of tail
DNA with the use of allele-specific primers.®® The concentrations
of these primers were 1.0 uM (5" TGAGAAAGACAGAAGTTA-3),
1.0 uM (5’-TTCCACTTTGGCATAAGGC-3), and 0.2 pM (5'-
GCCATCCCTTCACGTTAG-3’). The amplification conditions
were 5 min at 94°C before 35 cycles at 94°C for 1 min, 50°C for
1 min, and 72°C for 1 min, followed by a final extension at
72°C for 5 min. The mice were maintained by breeding male
Apc™™* mice to female C57BL/6] mice. The mice were kept
under specific pathogen-free conditions and these experiments were
approved by the Animal Research Committee of Kumamoto
University.

Production of recombinant proteins. Highly purified recombinant
mouse HSP105 was produced from Escherichia coli strain BL21
cells transduced with the mouse HSPI0S5 gene expression vector,
as described previously.*2" We also produced highly purified
recombinant MBP as a negative control, which was prepared
from bacterial lysate in the same way as the preparation of
recombinant HSP10S5. Both recombinant HSP105 and MBP
were estimated to be almost endotoxin free using a Limulus
amebocyte lysate assay kit (BioWhittaker, Walkersville, MD,
USA), and the endotoxin contents in the materials were <10
endotoxin U/mg.

Immunizations and scoring of tumors. HSP105-pulsed BM-DC
were prepared as described previously.'*?? The mice were
inoculated intraperitoneally with HSP105-pulsed BM-DC (5 x 10°)
suspended in 200 pL PBS at 6, 8, and 10 weeks of age. The
mice were treated with BM-DC alone, MBP-pulsed BM-DC, or
PBS as controls. At 12 weeks of age the mice were killed and
their small intestines were removed and fixed with formaldehyde.
The intestines were then opened and stained with methylene blue
and the number of tumors was counted.

Western blot and immunohistochemical analysis. Western blotting
and the immunohistochemical detection of HSP105 were carried
out as described previously.2'® Rabbit polyclonal antihuman
HSP105 (Santa Cruz Biotechnology, Santa Cruz, CA, USA) was
used as the primary antibody in this study. The immunohisto-
chemical staining of CD4* and CD8* T cells was carried out as
described previously."'"¥ mAb specific to CD4 (L3T4; BD
PharMingen, San Diego, CA, USA) and CD8 (Ly-2; BD
PharMingen) were used for staining.

Depletion of CD4* or CD8* T cells in mice. Rat mAb GK1.5 specific
to mouse CD4 and 2.43 specific to mouse CD8 were used to
deplete CD4* and CD8* T cells, respectively, in vivo. The 6-
week-old ApcM™* mice were injected with ascites (500 pg/mouse)
from hybridoma-bearing nude mice six times intraperitoneally
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with an interval of 3—4 days between injection. Normal rat IgG
(Chemicon, Temecula, CA, USA) was used as a control. The
depletion of T cell subsets was monitored by a flow cytometric
analysis, which showed a more than 90% specific depletion in
the number of splenocytes.

ELISPOT assay. The Apc™™* mice were immunized with HSP105-
pulsed BM-DC or BM-DC alone at 6 and 8 weeks of age. At
10 weeks of age, spleen cells were harvested and depleted of
CD4* or CD8* T cells using a magnetic cell-sorting system with
antimouse CD4 mAb and antimouse CD8a (Mittenyi Biotec
GmbH, Bergisch Gladbach, Germany) mAb, respectively. The
purity of these T-cell subsets exceeded 95% based on a flow
cytometric analysis. CD4- T cells were used as a source of CD8*
T cells and antigen-presenting cells, and CD8" T cells were used
as a source of CD4* T cells and antigen-presenting cells. Five
hundred thousand CD4- or CD8 T cells were added to each
well in triplicate cultures of RPMI-1640 medium containing 10%
fetal calf serum (FCS) together with 2 pg/mL HSP10S, MBP, and
one with medium only at 37°C for 24 h. Then ELISPOT assays
were carried out as described previously.!'?

Statistical analysis. The statistical significance of differences
between the experimental groups was determined using Student’s
t-test. The overall survival rate was calculated using the Kaplan—
Meier method, and statistical significance was evaluated using
Wilcoxon’s test. A value of P < 0.05 was considered to be
statistically significant.

Results

Overexpression of HSP105 in intestinal adenomas of the Apc™™* mice.
A previous study reported that mouse HSP10S is overexpressed
in liver metastasis of a murine colorectal adenocarcinoma cell
line (Colon26), and in lung metastasis of a murine melanoma
cell line (B16-F10).""® The expression of HSP10S in tumors of
Apc"™* mice were thereby analyzed. The small intestines of
Apc"™* mice were excised, and the expression level of HSP105
was evaluated by both western blot and immunohistochemical
analyses. The Apc™* mice developed adenomatous polyps
spontaneously, predominantly in and throughout the small
intestine at 4 months of age (Fig. la). Both westem blot and
immunohistochemical analyses confirmed the strong expression
of HSP105 in the tumors of Apc*™'* mice (Fig. 1b,c). Based on
these observations, the Apc*™* mouse was chosen as a murine
mode! of cancer immunotherapy targeted at HSP10S.

Immunization with HSP105-pulsed BM-DC vacdne reduced the number
of small intestinal polyps in Apc*™ mice. The preventive effects
of HSP105-pulsed BM-DC vaccination on the development of
adenomatous polyps in the Apc¥™* mice were investigated. The
mice were divided into four groups consisting of 10 mice each,
inoculated intraperitoneally with PBS (group 1), BM-DC (group
2), MBP-pulsed BM-DC (group 3), or HSP105-pulsed BM-DC
(group 4) at 6, 8, and 10 weeks of age. Two weeks after the last
immunization, the number of tumors in the small intestine was
counted.

Tumors had already developed in the small intestine of Apc*'*
mice at the time of the first vaccination (6 weeks of age). Each
mouse had a mean of 6.3 + 3.4 tumors at that time. The mean
number of tumors at 12 weeks of age was 20.9 + 9.6 in group 4,
which was significantly less (P = 0.006) than the numbers in
group 1 (37.8 £ 11.0), group 2 (40.8 £ 11.0), and group 3 (34.8
+9.5) (Fig. 2a). It was therefore concluded that the HSP105-
pulsed BM-DC vaccine has the potential to prevent the growth
of tumors expressing HSP105. The survival time in group 4
(175.3 £ 32.6 days) tended to be longer than that in group 1
(146.7 £ 13.0 days) and in group 2 (152.7 t 25.5 days); however,
the difference between group 4 and group 2 was not statistically
significant (P = 0.081; Fig. 2b). No apparent abnormalities, such
as weight loss, hair abnormality, or paralysis, were observed in
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the mice immunized with HSP105-pulsed BM-DC, suggesting
that serious autoimmunity was not observed in the mice. A
histological analysis of the major organs (brain, lung, heart,
liver, small intestine, kidney, and testis) of the immunized mice
revealed no pathological inflammation (data not shown).

Both CD4* and CD8* T cells are required for antitumor immunity.
“To determine the role of CD4* and CD8* T cells in the reduction
of tumor development in Apc”"* mice immunized with HSP105-
pulsed BM-DC, mice were depleted of CD4* or CD8* T celis by
treatment with anti-CD4 or anti-CD8 mAb, respectively, in vivo.
During the depletion procedure, the mice were immunized with
PBS or HSP105-pulsed BM-DC vaccine (Fig. 3a). In the group
of mice immunized with HSP105-pulsed BM-DC, together with
inoculation of anti-CD4 mAb (35.5 £ 10.8) or anti-CD8 mAb
(30.2 £ 9.6), the tumor numbers were significantly larger than
those in the mice given rat IgG (18.8 £5.9) or left untreated
(19.9 + 7.7). The differences in the tumor numbers between the
anti-CD4 mAb-treated group and the rat IgG-treated group
(P = 0.002), and between the anti-CD8 mAb-treated group and
the rat [gG-treated group (P = 0.013) were statistically significant.
In the group of mice inoculated with PBS, the numbers of
tumors in the mice given either anti-CD4 mAb (38.1 £5.7) or
anti-CD8 mAb (38.1 £ 5.6) did not differ significantly from
those in the mice given rat IgG (37.8 £ 4.8) or in the untreated
mice (40.8 % 6.1) (Fig. 3b). These results suggest that both CD4*
and CD8* T cells play a crucial role in the protective antitumor
immunity induced by the HSP105-pulsed BM-DC vaccine,
because the HSP105-pulsed BM-DC vaccine was not effective
in the mice showing a depletion of either CD4* or CD8* T cells.

Detection of HSP105-specific T cells in mice immunized with the
HSP105-pulsed BM-DC vaccine. The Apc”™* mice were immunized
with HSP105-pulsed BM-DC or BM-DC at 6 and 8 weeks of
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Fig. 1. Overexpression of heat shock protein
(HSP) 105 in adenomatous polyps of Apc*™ mice.
(a) Macroscopic polyps in the small intestine of
4-month-old Apc™™* mice. (b) A microscopic
analysis of polyps in the small intestine of 12-
week-old ApcM™ mice stained with hematoxylin—
eosin (left) and anti-HSP105 monoclonal antibody
(middle). A normal small intestine was stained
with anti-HSP105 monoclonal antibody as a
negative control (right). Objective magnification
was x100. (¢} Western blot analysis of HSP105 in
the small intestine of 4-month-old ApcM™ mice.
The samples were small intestines of Apc*”* and
C57BL/6) mice homogenized in lysis buffer. The
small intestines of three mice per group were
pooled.

age. At 10 weeks of age, spleen cells were harvested and depleted
of CD4* or CD8* T cells using magnetic cell-sorting system,
and the ELISPOT assay was carried out. The ELISPOT assay
showed that the CD8 cells (CD4* T cells and antigen-
presenting cells) derived from the mice immunized with
HSP105-pulsed BM-DC produced a significantly larger amount
of interferon-y in response to HSP105 than did CD8" cells
derived from mice immunized with BM-DC. Similar results
were observed for the CD4- cells (CD8* T cells and antigen-
presenting cells) (Fig. 4a). These observations clearly indicate
that both HSP10S-specific CD4* and CD8* T cells were induced
in the mice immunized with HSP105-pulsed BM-DC vaccine.

To investigate the antitumor effect of the HSP105-pulsed BM-
DC vaccination, the tumor was evaluated histopathologically. The
small intestines derived from the mice used for the ELISPOT
assay were stained with anti-CD4 or anti-CD8 mAb. Both CD4*
and CD8"* T cells infiltrated into the tumors of mice immunized
with HSP105-pulsed BM-DC; however, this was not the case in
tumors derived from the mice immunized with BM-DC (Fig. 4b).
These results suggest that HSP105S-pulsed BM-DC have the
potential to sensitize many HSP105-specific CD4* and CD8*
T cells to kill tumor cells.

Discussion

In the present study, the HSP10S-pulsed BM-DC vaccine could
sensitize HSP105-specific T cells invivo and inhibited the
spontaneous development of intestinal tumors overexpressing
HSP105 in Apc™™ mice. For diseases of germline mutations
that cause malignancy throughout the body, such as FAP, novel
strategies for the prevention of cancer are needed urgently
because there is no satisfactory treatment for FAP. Therefore,
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Fig. 2. Vaccination with heat shock protein (HSP) 105-pulsed bone
marrow-derived dendritic cells (BM-DC) decreased the number of
polyps in the small intestine of the Apc*™ mice. (a) The Apc** mice
were inoculated intraperitoneally with HSP105-pulsed BM-DC (5 x 10%),
BM-DC alone, or myelin basic protein-pulsed BM-DC or phosphate-
buffered saline (PBS) at 6, 8, and 10 weeks of age. At 12 weeks of age,
the small intestines of the Apc*™ mice were excised, stained with
methylene blue, and the number of tumors was counted by the naked
eye. Each group consisted of 10 Apc™* mice. The statistical significance
of the differences in results was determined using an unpaired t-test.
(b) The survival rate of Apc™™* mice immunized with HSP105-pulsed
BM-DC, BM-DC alone, or PBS as a control. The immunization protocol
was the same as that of (a). The overall survival rate was calculated
using the Kaplan-Meier method, and statistical significance was
evaluated using Wilcoxon's test.

the specific objective of the present study was to find out whether
HSP105-pulsed DC-based immunotherapy can be used as a potent
new strategy for the prevention of spontaneously arising tumors
in FAP patients.

The ELISPOT assay shown in Figure 4a shows that both
CD4* and CD8* HSP105-reactive T cells were primed in the
mice immunized with HSP105-pulsed BM-DC. In this assay, we
cannot completely rule out the possibility that responses were
directed against contaminated bacteria-derived molecules in the
HSP10S recombinant protein preparation. However, we consider
this unlikely because practically no response was observed
against BM-DC loaded with recombinant MBP protein, which
was prepared from bacterial lysate in the same way as the prep-
aration of recombinant HSP10S. These recombinant proteins
were purified extensively as described in a previous paper,*¥
and contamination of lipopolysaccharide (LPS) or other DC-
stimulants was ruled out.

Previous studies have reported that HSP10S is overexpressed
specifically in a variety of human cancers and mouse tumor
cells."*' The present study demonstrated that HSP105 was also
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Fig.3. Both (D4 and CD8* T cells are involved in the antitumor
immunity elicited by the heat shock protein (HSP) 105-pulsed dendritic
cell vaccine. (a) The protocol for the vaccination and the depletion of T
cell subsets. (b) The number of polyps in the small intestine of Apctin*
mice with various treatments. The number of tumors was counted as
described in the legend for Fig. 2. Each group consisted of eight ApcMine
mice. The statistical significance of the difference between the results
was determined using the unpaired t-test.

strongly expressed in the adenomatous polyps of Apc*"'* mice.
In human tissue, the overexpression of HSP10S is a late event
in the adenoma—carcinoma sequence, because immunohisto-
chemical analysis revealed that HSP105 is strongly expressed in
adenocarcinoma but not in adenoma.' Although the Apc**
mouse model has provided useful information about the patho-
genesis of colorectal cancer, it is limited because it does not
completely mimic the disease in humans. In humans, patients
with FAP develop hundreds to thousands of adenomatous pol-
ypPs, predominantly in the distal colon, and have a high risk of
malignancies before the age of 40 years.” In contrast, Apc™'*
mice develop dozens to hundreds of adenomas and have a short-
ened life span. However, these adenomas are located mainly in the
small intestine and they generally do not become malignant.('”
Furthermore, mice carrying different Apc mutations have been
established. Tumors arising in these mice are histologically sim-
ilar, but vary with respect to age of onset, number of tumors,
and location.® Given this variation, the pattern of HSP10S
expression in intestinal tumors may be different between human
and Apc”™"* mice. Regardless of these differences, the ApcMn'*
mice provide an appropriate model for analysis of the efficacy
of the HSP105-pulsed BM-DC vaccine for inhibition of the
development of human colorectal cancer, because the loss of
APC function is the initiating event in not only FAP but also in
the vast majority of sporadic colon cancers.

Recent findings regarding the cellular and molecular patho-
genesis of colorectal cancer have led to the development of new
targeted therapeutic options. Overexpression of COX-2 is one of
the most significant observations in this respect.?® The use of
COX-2 inhibitor suppresses the development of colon cancer in
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sporadic cases® and FAP;@" however, recent clinical trials
suggest that the use of high doses of COX-2 inhibitor may have
dangerous side-effects, such as increased risk of cardiovascular
disease.”™ In the present study, no apparent autoimmunity was
observed in the Apc*™* mice immunized with HSP105-pulsed
BM-DC, an observation similar to our previous findings.*?? In
some human clinical trials of DC-based cancer immunotherapy,
even in patients with advanced stages of cancer, no major toxicity
nor severe side-effects were observed.?>" These results strongly
suggest that DC-based immunotherapy is safe and feasible.

DC vaccination is now considered to be one of the most
promising strategies for cancer immunotherapy.©*» DC are the
most potent antigen-presenting cells and can present tumor anti-
gens to stimulate a tumor-specific T-cell response. However, this
does not occur in most types of cancer and in animal models of
spontaneously arising tumors.®” In the present study, immu-
nization with HSP105-pulsed BM-DC vaccine significantly
reduced the number of small-intestinal polyps in the ApcM™*
mice; however, the duration of survival was not prolonged as
had been expected because the adenomas in Apc™™* mice gen-
erally did not become malignant. Thereby, the protocol of DC-
based vaccination used in the present study was not sufficient to
completely prevent the occurrence of the tumors in vivo, and we
are trying to establish a more effective immunization protocol.
New strategies are now being developed to improve the clinical
efficacy of DC-based vaccines, for example, the use of overex-
pression of Aktl in BM-DC, suppressor of cytokine signaling
1-silenced BM-DC, and CD40-inducible DC.5-*" The use of
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CD4* or CD8 cells using magnetic cell-sorting
system. CD4- cells were used as a source of CD8*
T cells and antigen-presenting cells, and CD8"
cells were used as a source of CD4* T cells and
antigen-presenting cells. Thereafter interferon-y
enzyme-linked immunospot (ELISPOT) assays
were carried out. Briefly, CD4- or CD8 T cells
(5x10°) in each well were cultured together
with 2 ug/mL HSP105, myelin basic protein, or
medium alone for 24 h. The statistical significance
of the difference in results was determined using
the unpaired t-test. The spleens of three mice
from each group were pooled. This experiment
was carried out three times, with similar results.
(b) The ApcM=* mice were inoculated with
HSP105-pulsed BM-DC or BM-DC at 6 and 8 weeks
of age. The small intestines were excised from
10-week-old ApcMi™* mice and then were analyzed
after immunohistochemical staining with anti-CD4
monoclonal antibody or anti-CD8 monoclonal
antibody (magnification x200).

transfected DC in a protocol such as that used in the present
study has the potential to induce a more effective antitumor
response. Furthermore, it is necessary to investigate whether
combinations of immunotherapy and other therapies, such as
combinations of DC vaccines and chemotherapy or low-dose
COX-2 inhibitors, induce a more effective antitumor response in
comparison to individual therapy alone, thereby developing more
effective strategies for treating colorectal cancer. Recent findings
have shown the curative potential of combinations of irradiation,®
chemotherapy,®” and subsequent adoptive T-cell immunotherapy
against established solid tumors.“”

The abrogation of the antitumor effect of the HSP105-pulsed
BM-DC vaccine, after the depletion of CD4* cells or CD8* cells
via the administration of mAb, indicates that both CD4* and
CD8* T cells play a critical role in the antitumor effect of
HSP105-pulsed BM-DC. The report that antigen-specific CD4*
T helper cells are required for the activation of CD8* effector T
cells, their secondary expansion, and memory induction,“" is
consistent with the findings that CD4* T cells played an important
role in tumor rejection in the present study. Peptides derived
from HSP10S5 incorporated into BM-DC might be presented
in the context of MHC class II on the surface of BM-DC to
activate CD4* T cells. Subsequently, CD4* T cells produce
interferon-y and interleukin-2 to activate HSP105-specific CD8*
effector T cells and facilitate the development of HSP105-
specific CD8* memory T cells. Furthermore, the ELISPOT assay
showed that HSP105-specific CD8* T cells were also activated
by HSP105-pulsed antigen-presenting cells. These results indicate
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that HSP105-pulsed BM-DC can demonstrate peptides derived
from exogenously added HSP105 not only in the context of
MHC class II molecules to activate CD4* T cells but also in the
context of MHC class I molecules via the mechanism of cross-
presentation to activate CD8* T cells. Whole-protein-pulsed DC
vaccines seem to be superior to peptide-pulsed DC because
they can activate both CD4* and CD8* T cells, and it does not
require a knowledge of the human leukocyte antigen (HLA) type
of the cancer patients.

In conclusion, the results of the present study indicate that
HSP105-pulsed BM-DC may provide a potential vaccine to
combat human colorectal cancer. It is possible that immunization
with HSP105-pulsed BM-DC vaccines could be useful in patients
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CELL THERAPY AND ISLET TRANSPLANTATION

Hyperglycemia During the Neutropenic Period Is
Associated With a Poor Outcome in Patients
Undergoing Myeloablative Allogeneic Hematopoietic
Stem Cell Transplantation
Shigeo Fuji,’ Sung-Won Kim," Shin-ichiro Mori," Takahiro Fukuda," Shigemi Kamiya,” Satoshi Yamasaki,"

Yuriko Morita-Hoshi," Fusako Ohara-Waki,' Osamu Honda,? Setsuko Kuwahara,” Ryuji Tanosaki,’
Yuji Heike," Kensei Tobinai,’ and Yoichi Takaue"*

Background. Recipients of allogeneic hematopoietic stem cell transplantation (HSCT) frequently require support with
parenteral nutrition and immunosuppressive drugs, which introduce the risk of hyperglycemia. Van den Berghe et al.
showed that the strict glucose control improved the outcome of patients treated in the intensive care unit, and this point
was evaluated in this study in a HSCT setting.

Methods. A cohort of 112 consecutive adult patients treated by myeloablative allogeneic HSCT between January 2002
and June 2006 was reviewed retrospectively. Twenty-one patients were excluded due to graft failure, preexisting
infectious diseases, preexisting neutropenia or previous allogeneic HSCT. The remaining 91 patients were categorized
according to mean fasting blood glucose (BG) level in the neutropenic period after conditioning: normoglycemia (BG
<110 mg/dL, n=28), mild hyperglycemia (110 to 150 mg/dL, n=49), and moderate/severe (>150 mg/dL, n=14). The
primary endpoint was the occurrence of febrile neutropenia (FN) and documented infection during neutropenia, and
the secondary endpoints included organ dysfunction according to the definition used by van den Berghe, acute graft-
versus-host disease (GVHD), overall survival, and nonrelapse mortality (NRM).

Results. Although the incidence of FN or documented infections was similar between the three groups, hyperglycemia
was significantly associated with an increased risk of organ dysfunction, grade 11-1V acute GVHD, and NRM.
Conclusions. While the results suggested an association between the degree of hyperglycemia during neutropenia and
an increased risk of posttransplant complications and NRM, the possibility that intensive glucose control improves the

outcome after HSCT can only be confirmed in a prospective randomized trial.

Keywords: Allogeneic transplantation, Hyperglycemia, Nonrelapse mortality, Acute graft-versus-host disease.

(Transplantation 2007;84: 814-820)

Van den Berghe et al. showed with patients nursed in the
intensive care unit (ICU) that the rigid control of hypergly-
cemia with intensive insulin therapy to keep the blood glucose
level at 80-110 mg/dL reduced morbidity, including infec-
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tions, and mortality compared to patients who received stan-
dard care maneuvers that maintained the level at <200
mg/dL (1-3). Although these results have been confirmed in
several subsequent studies (4-7), the precise mechanism that
underlies this association is unclear. In animal models, it has
been shown that insulin itself has a direct inhibitory effect on
the inflammation process (8, 9). However in human studies,
it has been suggested that these benefits could be directly at-
tributed to intense glucose control rather than to any phar-
macological activity of administered insulin per se (3, 4).
Recipients of allogeneic hematopoietic stem cell trans-
plantation (HSCT) suffer from serious complications includ-
ing infection, graft-versus-host disease (GVHD) and organ
dysfunction. They are also at higher risk of hyperglycemia due
to the use of steroids for the treatment of graft-versus-host
disease (GVHD), prolonged total parenteral nutrition (TPN),
immunosuppressive drugs, and infectious complications (10,
11). This makes them susceptible to numerous serious compli-
cations, including multiple organ failure (12—14). In this study,
we evaluated whether hyperglycemia during the cytopenic pe-
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riod after conditioning for HSCT could be a significant risk fac-
tor for the subsequent clinical course.

PATIENTS AND METHODS

Patient Characteristics

A cohort of 112 consecutive adult patients who received
myeloablative allogeneic HSCT between January 2002 and
June 2006 at the National Cancer Center Hospital (Tokyo,
Japan) was reviewed retrospectively. Twenty-one patients
were excluded due to graft failure, pre-existing infectious dis-
eases or neutropenia before HSCT, and previous allogeneic
HSCT. The remaining 91 patients were subjected to further
analysis, and their characteristics are listed in Table 1. Their
median age was 36 years (range, 1857 years), and their di-
agnosis included acute myeloid leukemia (AML, n=41),
acute lymphoblastic leukemia (ALL, n=21), non-Hodgkin
lymphoma (NHL, n=13), myelodysplastic syndrome (MDS,
n=10), and chronic myelogenous leukemia (n=6). Standard-
risk patients included those with acute leukemia in first com-
plete remission, chronicleukemia in first chronic phase, MDS
in refractory anemia, and NHL in complete remission, and
the remaining patients were categorized as high-risk. Forty-
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six and 45 patients received a graft from a related donor and
an unrelated donor, respectively. Stem cell sources inclu-
ded bone marrow (n=46), peripheral blood (n=41), and cord
blood cells (n=4). In this study, only two patients were diag-
nosed as type 2 diabetes mellitus before HSCT, which reflects the
low prevalence of this condition in Japan, especially in younger
patients who can be the target of allogeneic HSCT with a myeloa-
blative conditioning regimen. These two diabetic patients were
included in the moderate and severe hyperglycemia group.
None of the patients, including these two patients, had major
organ dysfunction or diabetic complications before HSCT. For
the transplantation procedure, signed informed consent was ob-
tained according to the Declaration of Helsinki.

Transplantation Procedures

All patients received a myeloablative conditioning reg-
imen that included oral busulfan (BU) plus cyclophospha-
mide (CY, n=45), CY plus 12 Gy total body irradiation (TBI,
n=43) or cytarabine (CA) plus CY plus TBI (n=3: Table 1).
GVHD prophylaxis included cyclosporine- (n=62) and
tacrolimus-based regimens (n=29), with an additional short
course of methotrexate (MTX) in 89 patients. Granulocyte

TABLE 1. Patient characteristics
. Moderate and severe
Normoglycemia Mild hyperglycemia hyperglycemia
Variable (<110 mg/dl) (110—150 mg/dl) (>150 mg/dl)
N 28 49 14
Blood glucose, median mg/dl (range) 104 (81-109) 120 (110-150) 168 (150-211)
Age, median years (range) 31 (21-52) 36 (18-57) 45 (30-57)
<40 20 (71) 32 (65) 4(29)
=40 8 (29) 17 (35) 10(71)
Sex
Male 9(32) 34 (69) 8 (57)
Female 19 (68) 15 (31) 6(43)
Disease risk
Standard 16 (57) 18 (37) 6(43)
High 12 (43) 31 (63) 8 (57)
Conditioning
TBI-containing 11 (39) 26 (53) 9 (64)
Non-TBI-containing 17 (61) 23 (47) 5(36)
GVHD prophylaxis
Cyclosporine-based 24 (86) 33 (67) 5(36)
Tacrolimus-based 4(14) 16 (33) 9 (74)
Relation to donor
Related 19 (68) 24 (49) 3 (21)
Unrelated 9(32) 25 (51) 11(79)
Stem cell source
Bone marrow 11 (39) 24 (49) 11 (79)
PBSC 16 (57) 22 (45) 3(21)
Cord blood 1(4) 3(6) 0(0)
HLA match
Match 25 (89) 34 (69) 10 (71)
Mismatch 3(11) 15 (31) 4(29)

Data are n (%) unless noted.

TBI, total body irradiation; GVHD, graft-versus-host disease; PBSC, peripheral blood stem cells; HLA, human leukocyte antigen.
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colony-stimulating factor (G-CSF) was administered in all
patients from day +6 after transplantation until engraftment.
Most patients received ciprofloxacin (200 mg orally three
times daily) for bacterial prophylaxis until neutrophil en-
graftment. Fluconazole (100 mg once daily) was administered
for fungal prophylaxis. Low-dose acyclovir was given for pro-
phylaxis against herpes simplex virus and varicella zoster virus
until the cessation of immunosuppressive agents. Prophy-
laxis against Pneumocystis jiroveci infection consisted of
trimethoprim-sulfamethoxazole (400 mg of sulfamethox-
azole once daily) from the first day of conditioning to day —3
of transplantation, and from day +28 until day +180 or the
cessation of immunosuppressive agents. Patients who devel-
oped fever during the neutropenic period were treated with
cefepime, and additional agents including vancomycin, ami-
noglycosides and amphotericin B were given as clinically in-
dicated. Neutrophil engraftment was defined as the first of 3
consecutive days after transplantation that the absolute neu-
trophil count exceeded 0.5X10°/L.

Grouping of Patients

Patients were categorized according to the mean blood
glucose (BG) level in the preengraftment neutropenic period:
normoglycemia BG maintained at <110 mg/dL (group 1,
n=28), mild hyperglycemia at 110-150 mg/dL (group 2,
n=49), and moderate/severe hyperglycemia at >150 mg/dL
(group 3, n=14). Blood glucose level was routinely tested in
the morning at least three times a week. Daily caloric intake
was calculated by dietitian following the chart record.

Outcome Measures

The primary outcome measure was the occurrence of fe-
brile neutropenia (FN) and documented infection including
bacteremia, pneumonia and central venous catheter infection
in the neutropenic period. Secondary outcome measure-
ments were organ dysfunction in the neutropenic period,
acute GVHD, overall survival (OS) and nonrelapse mortality
(NRM). Organ dysfunction was defined with reference to van
den Berghe (5-7) as follows: 1) hypercreatininemia: serum
creatinine level =2.0 mg/dL or more than twice the base-
line; 2) hyperbilirubinemia: serum total bilirubin level
=2.0 mg/dL; and 3) increased inflammatory markers: serum
C-reactive protein (CRP) level =15 mg/dL. Acute GVHD was
graded by the Consensus Criteria (15).

Statistical Analyses

Standard descriptive statistics were used. The Student’s
t-test, chi-square, and Wilcoxon rank-sum tests were used to
compare clinical and patient characteristics. Multiple logistic
regression analysis was conducted to ascertain odds ratios
(ORs) and 95% confidence intervals (Cls). OS was estimated
using Kaplan-Meier curves. The cumulative incidences of
NRM were estimated based on a Cox regression model for the
cause-specific hazards by treating progressive disease or re-
lapse as a competing event. Cox proportional hazard models
were used for multivariate analysis of variables on NRM and
OS after HCT. Clinical factors that were assessed for their
association with NRM and OS included patient age, sex, con-
ditioning regimen (TBI-based vs. non-TBI-based), donor [hu-
man leukocyte antigen (HLA)-matched vs. HLA-mismatched,
related vs. unrelated], GVHD prophylaxis (cyclosporine-based
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vs. tacrolimus-based) and disease risk (standard vs. high).
Factors with P<<0.10 in the univariate analyses were subjected
to a multivariate analysis. A level of P<0.05 was defined as
statistically significant. All P values are two-sided. All anal-
yses were performed using SPSS 10.0 statistical software
(Chicago, IL).

RESULTS

Patients and Transplantation Characteristics

The median ages of the patients in the normoglycemia,
mild hyperglycemia, and moderate/severe hyperglycemia
groups were, respectively, 31, 36, and 45 years. The percent-
ages of patients who received graft from an unrelated donor
were 32%, 51%, and 79%, and the percentages of patients
who received GVHD prophylaxis with tacrolimus were 14%,
33%, and 74%. To clarify the risk factor to be included in
moderate and severe hyperglycemia group, logistic analysis
was performed, which showed older age and GVHD prophy-
laxis with tacrolimus were associated with moderate and se-
vere hyperglycemia [P=0.04, OR 3.9 (1.1-14.0), and P=0.01,
OR 5.5 (1.5-20.3), respectively], and there was a trend that
patients who received stem cell from unrelated donor were
associated with moderate and severe hyperglycemia [P=0.07,
OR 3.6 (0.9-14.2)]. Multiple logistic analysis showed age
more than 40 years old and GVHD prophylaxis with tacroli-
mus were associated with moderate and severe hyperglycemia
[P=0.042,0R4.1(1.1-15.7),and P=0.01, OR 5.8 (1.5-22.1),
respectively].

Although in practice we generally keep the parenteral
glucose dose relatively low to avoid severe metabolic compli-
cations including hyperglycemia and hyperlipidemta during
the acute phase of allogeneic HSCT, the possibility that the
dose of parenteral nutrition affects the blood glucose level
should be explored. We calculated the total caloric intake by
combining both oral and parenteral nutrition. Although the
mild hyperglycemia group received significantly more paren-
teral nutrition than the normoglycemia group (group 1
694+322 kcal/day vs. group 2 969+383 kcal/day), overall
there was no essential difference in caloric intake between the
three groups (1070+303 kcal/day, 1190+393 kcal/day,
1045+530 kcal/day, respectively). The median duration of
the follow-up time in surviving patients was 809 days (range,
132-1530days) in group 1, 369 days (105-1550 days) in group
2, and 587 days (170-774 days) in group 3. Described as
hydrocortisone-equivalent dose, the median dose of cortico-
steroid used during neutropenia was 0 mg (0-1610 mg) in
group 1, 100 mg (0-9700 mg) in group 2, and 375 mg (0—
2468 mg) in group 3. Statistically more dose of corticosteroid
was used in group 2 and group 3, compared with group 1.

Primary Endpoints

The incidence of FN and documented infections is
summarized in Table 2. The incidences of FN and docu-
mented infections including bacteremia, pneumonia, and
central venous catheter infection in groups 1, 2 and 3 were,
respectively, 89% and 32% (25%, 4% and 11%), 88% and
20% (16%, 6% and 6%), and 98% and 43% (36%, 14% and
14%). Overall, no statistically significant difference was ob-
served between the three groups in the incidence of infectious
episodes, including FN and documented infections.
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TABLE 2. Endpoints

Moderate and severe

Normoglycemia Mild hyperglycemia hyperglycemia
Variable (<110 mg/dl) (110—-150 mg/dl) (>150mg/d])
N 28 49 14
Febrile neutropenia 23 (89) 43 (88) 13 (98)
Documented infection 9(32) 10 (20) 6 (43)
Bacteremia 7 (25) 8 (16) 5(36)
Pneumonia 1(4) 3(6) 2(14)
Central-venous catheter infection 3(11) 3(6) 2(14)
Organ dysfunction
Hypercreatininemia 1(4) 4 (8) 4 (29)
Hyperbilirubinemia 3(11) 11(22) 6(43)
Increased inflammatory markers 4(14) 15 (31) 9 (64)

Data are n (%).

Hypercreatininemia, serum creatinine level =2.0 mg/dl or more than twice of baseline; hyperbilirubinemia, serum bilirubin level =2.0 mg/dl; increased

inflammatory markers, serum C-reactive protein level =15 mg/dl.

Secondary Endpoints

The incidence of hypercreatininemia was 4% in group
1, 8% in group 2 and 29% in group 3, as summarized in Table
2, and that in group 3 was significantly higher than those in

TABLE 3. Multiple logistic regression analysis for
organ dysfunction and multiple variate analysis for acute
GVHD, nonrelapse mortality, and overall survival

Odds/hazard
Outcomes and variables ratio 95% ClI  Pvalue
Multiple logistic regression
analysis
Hypercreatininemia
Hyperglycemia 52 1.1-24.6  0.039
Hyperbilirubinemia
Hyperglycemia 49 1.6-149  0.005
Increased inflammatory
markers
Hyperglycemia 67 2.2-203  0.001
Tacrolimus-based 6.9 1.6-30.5  0.011
Multivariate analysis (Cox-
proportional hazard
model)
Acute GVHD
Hyperglycemia 23 1.2-4.3 0.013
Disease risk (high) 23 . 1.0-5.1 0.047
HLA mismatch 2.8 1.3-5.9 0.009
Nonrelapse mortality
Hyperglycemia 29 1.2-6.6 0.013
Disease risk (high) 2.7 0.9-8.7 0.091
Overall survival .
Hyperglycemia 20 1.1-3.6 0.019
TBI-containing 23 1.1-5.0 0.035
Disease risk (high) 19 0.9-4.1 0.10

Odds ratios are presented for multiple logistic regression analysis; hazard
ratios are presented for multivariate analysis.
GVHD, graft versus host disease; TBI, total body irradiation.
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group 1 (OR 10.8, 95% CI 1.1-108.6; P=0.018) and group 2
(OR 4.5, 95% CI 1.0-21.1; P=0.043). The incidence of hy-
perbilirubinemia was, respectively, 11%, 22% and 43%, in the
three groups, and that in group 3 was significantly higher than
that in group 1 (OR 6.3, 95% CI 1.3-30.9; P=0.017). The
incidence of increased inflammatory markers was, respec-
tively, 14%, 31% and 64%, and that in group 3 was signifi-
cantly higher than those in group 1 (OR 10.8, 95% CI 2.4—
49.5; P<0.001) and group 2 (OR 4.1, 95% CI 1.2-14.3;
P=0.022). Multiple logistic regression analysis showed that
the degree of hyperglycemia was associated with hypercreat-
ininemia, hyperbilirubinemia, and increased inflammatory
markers (Table 3).

The cumulative incidence of grade 1I-IV acute GVHD
is shown in Figure 1. The degree of hyperglycemia was asso-
ciated with a higher incidence of grade I1-1V acute GVHD
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2 group 3 (n=14)
§ 044+ . _ group 2 (n=49)
E ol )
< i -
0.2 4 'Ir group I (n=28)
g
£
0 o
° 50 100
Days post-HSCT
FIGURE 1. Curmulative incidence of acute GVHD grade

LI-1V stratified according to the mean glucose level during
neutropenia. Group 1 included patients with normoglyce-
mia, group 2 included patients with mild hyperglycemia,
and group 3 included patients with moderate and severe
hyperglycemia.
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FIGURE 2. Cumulative incidence of treatment-related
mortality stratified according to the mean glucose level
during neutropenia.

(P=0.002). A Cox proportional hazard model showed that hy-
perglycemia, high-risk underlying disease, and HLA mismatch
were risk factors for grade 1I-1V acute GVHD (Table 3).

The cumulative incidence of NRM was, respectively,
5%, 17%, and 35% at 1 year, and was significantly related to
the degree of hyperglycemia (P=0.014; Fig. 2). The probabil-
ity of OS was, respectively, 88%, 70%, and 56%, and was
significantly associated with hyperglycemia (P=0.008; Fig.
3). A Cox proportional hazard model showed that the degree
of hyperglycemia was associated with NRM and OS (Table 3).

DISCUSSION
In this study, we evaluated whether hyperglycemia dur-
ing the cytopenic period after conditioning for HSCT could
be a significant risk factor for the subsequent clinical course.
Infectious diseases remain a major cause of morbidity and
mortality in patients who receive HSCT, and we speculated
that this might be exaggerated in the presence of hyperglyce-
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FIGURE 3. Overall survival stratiied according to the
mean glucose level during neutropenia.
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mia. Alternatively, hyperglycemia can be caused by infectious
diseases and also aggravates infectious diseases to lead to a vi-
cious cycle, with resultant morbidities that include organ dys-
function and mortality. Theoretically, strict glucose control
should prevent this vicious cycle and help to reduce morbid-
ity and mortality in patients after HSCT, as shown previously
in ICU settings (1, 2). However, in this study the incidences of
FN and documented infections were not different among the
three groups. On the other hand, we found that hyperglycemia
was associated with organ dysfunction and increased inflam-
matory markers, which was consistent with previous reports
that demonstrated the impact of hyperglycemia on clinical
outcomes of patients suffering from nonhematological dis-
eases (1-3, 12-14). Additionally, a multivariate analysis
showed that hyperglycemia was a risk factor for acute GVHD.
The reason for the association between early hyperglyce-
mia and late complications needs to be clarified. The increase in
the levels of circulating cytokines due to hyperglycemia may
further aggravate hyperglycemia itself (16-21). Therefore,
this condition which occurs during the critical period of neu-
tropenia before engraftment may influence the afferent phase
of acute GVHD, as suggested by Ferrara et al. Elevated cyto-
kine levels during the afferent phase then lead to subsequent
acute GVHD in the effector phase (22, 23). Teshima et al.
reported that the effector phase of acute GVHD is not antigen-
specific and inflammatory cytokines mediate target destruc-
tion (24), and other reports have shown that inflammatory
cytokines were required in acute GVHD and these molecules
can cause tissue damage (25-27). With these reports in mind,
it is reasonable to speculate that the aggravated production of
inflammatory cytokines by hyperglycemia may be a risk factor
in the pathogenesis of acute GVHD and organ dysfunction.
This study has several limitations, including heteroge-
neous patient populations and a retrospective nature. First,
hyperglycemia can be caused by infection itselfand it has been
previously shown that the level of hyperglycemia was corre-
lated with the severity of illness (4). In this retrospective
study, we could not confirm whether hyperglycemia directly
influenced organ dysfunction or increased inflammatory
markers. Furthermore, statistically more corticosteroid was
used in the group of moderate and severe hyperglycemia, and
statistically more parenteral nutrition was used in the group
of mild hyperglycemia. However, the observation that hyper-
glycemia and the severity of illness were independently asso-
ciated with a worse prognosis has been well confirmed in the
ICU setting (4), and several prospective studies have shown
that intensive glucose control reduced both morbidity and
mortality (1, 2). Considering these findings, we suggest that
our data still support the possibility that the degree of hyper-
glycemia was associated with morbidity and mortality in the
allogeneic HSCT setting. Second, we must consider that the
patients who developed moderate and severe hyperglycemia
included older patients, those who received more unrelated
grafts, and those who received tacrolimus compared to other
groups. In terms of immunosuppressive drugs, tacrolimus
has recently become a preferred immunosuppressive drug for
GVHD prophylaxis in unrelated or HLA-mismatched HSCT,
based on the results of two Japanese studies, which showed
that, compared to cyclosporine, tacrolimus was associated
with a lower incidence of acute GVHD and better overall
survival, which were similar to those in related HSCT, even
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after HSCT with alternative donors, including unrelated do-
nors (28, 29). Therefore, the effect of unrelated graft and ta-
crolimus on the incidence of acute GVHD and NRM might
not be significant in this study.

The effects of tacrolimus on hyperglycemia, hyperbil-
irubinemia, and hypercreatininemia need to be clarified. It is
well known that hyperglycemia occurs more often in patients
receiving tacrolimus than in those receiving cyclosporine
(30-32). In the present study, patients receiving tacrolimus
were more likely to have moderate to severe hyperglycemia.
However, the association of hyperbilirubinemia with tacroli-
mus has not been previously reported and two other studies
(33, 34) showed that cyclosporine was more likely to cause
hyperbilirubinemia than tacrolimus after allogeneic HSCT or
kidney transplantation. Although the relative nephrotoxicity
attributed to tacrolimus compared to cyclosporine has been
controversial (30, 33, 35), studies that have reported such
nephrotoxicity used a higher target tacrolimus level (>20 ng/
ml) (30, 35). On the other hand, it has been reported that the
use of lower levels of tacrolimus (10-15 ng/ml in our hospi-
tal) was associated with reduced complications in allogeneic
HSCT (36, 37), with no difference in the incidence of hyper-
creatininemia compared to cyclosporine (33). Based on a
consideration of all of these results, we think that tacrolimus
might not be the direct cause of hypercreatininemia in this
study. Finally, due to the nature of this retrospective study,
during the period evaluated we did not apply any consistent
protocol for glucose control and nutritional support, al-
though we tried to avoid severe hyperglycemia (BG =200
mg/dl), which certainly biases the interpretation of the data,
although it has been reported that the overall glucose level,
rather than the dose of insulin administered, directly influ-
enced the outcome of patients (3).

Even with these limitations, we believe that our obser-
vation is still of value in considering the clinical impact of the
strict control of hyperglycemia during the early phase of
HSCT. To confirm our preliminary observation, a prospec-
tive pilot study is underway to assess the effect of intensive
glucose control after HSCT. If this pilot study shows a bene-
ficial effect of intensive glucose control, a prospective ran-
domized trial would be warranted to confirm the possibility
that intensive glucose control improves the outcome after
HSCT. Additionally, in this ongoing pilot study, we evaluate
the diurnal blood glucose and insulin levels, including post-
prandial levels, to detect hyperglycemia more precisely before
transplantation since the level of HgAlc is affected by both
the blood glucose level and the turnover rate of red blood
cells, and would not precisely correlate with the true mean
" blood glucose level in patients who received courses of blood
transfusion for anemia.

In conclusion, the association of the degree of hyper-
glycemia during neutropenia and an increased risk of post-
transplant complications and NRM was suggested, but the
possibility that intensive glucose control improves the out-
come after HSCT would only be confirmed in a prospective
randomized trial.
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Abstract

Wé report the first.case ot T-cell largé granular lymphocyte leukemia of donor origin after-a-second cord biged transplantation-for acute myeloid
leukemia, and review the literature regarding-rare cases of T-cell-origin posttransplantation lymphopraliferative discrders.
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Introduction

T-cell large granular lyrbphocyee leukemia (LGL; LGLL) is
characterized by the monaclonal proliferation “of CD3+, and
CD8 1.GVs, with abundant cytoplasm and fine or coarse
zzurophilic granules.’? Reactive expansion of LGL in the
peripheral blood has been occasionally reported during, viral
infection and in recovery phase of allogencic hematopoiedic
stem eell transplanuaion (HSC).34

Posuransplamation lvmphoproliferative disorder (I"TLD) s
a characreristic lymphoid proliferation or dthe development of
lymphoma in a seaing of decreased T-cell immune sutveillance,
rypically in recipients of solid organ transplantarion or allogeneic
HSCT Mast reporied cases of PTLLDY are of B-cell origin, in
assaciation with Epstein-Barr virus (EBV) infecuon, which
leads to moenoclonal o, less frequendy, polyclonal proliferation
of B cells. Most of the rare cases of T-cell PTLD were reported
afrer solid organ transplantation, with very rare cases after
allogencic HSCT.

In this repor, we deseribe the unique clinical and
laboratory findings of u patient with Y9 T-cell LGLL of cord
denar arigin after & second cord blond wansplantation for

acure mycloid leukemia.
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Case Report

A SS—yw—(:_tld Japanese man wich acute mweloid lenkemia
(lelch-Anlc1‘ican-B}igiﬁh classificarion; M2) in sccond éomplere
remission received allogencic HSCT from an unrelated fenale
cord bleod danor. The conditinning. regimen consisied of wal
body- irradiaion of 12 Gy in 6 fractions from day =6 o
—4, and cydophosphamide 60 mg/kg once daily intravenausly on
cays—3 102 (taral dose, 120 mg/kg). He reecived human lenkocyic
andgen—lod mismarched (2 by scérology and 2 by DNA ryping)
urirelated cord blood, which cotimined 3.03 « ¥ nvicleated cellstkg
in January 2003. Cyclasporine and short-ierm methovrexaw were
used as graft-versus-host disease prophylaxis. However, hemarologic
recovery was nnt observed u;; w day 40, and we concluded that
this was a case of primary grafi failure withoue leukemia relapse
because the results of interphase flunrescence in sit hybridization
analysic on davs 23, 30, and 37 on bane marrow (BM) samples
were negatdve. Because his condition remained gpod, we planned
a second cord blood wansplantartion with a reduced-intensity
regimen, which consisted of fludarabine 300 mg/kg once daily
intravenously from days ~8 to -3 (tatal dose 180 mg/lg), busulfan
4 mg/kg orally on days ~6 and -5 (roul dose 8 mg/kg), and rowl
body irradiadon of 4 Gy in 1 fraction on day 1. Cyclesporine and
mycophenolae mofetil 15 mglky rwice duily were administered.

.On day 51 of the initial transplantarion in Marck 2003, hunan

lenkocyte antigen—loci mismarched (2 hy serology and 3 by DNA
typing) male cord blood, containing 2.6 x 107/kg nucleared
cells, was infused. Neutrophil' engraftment was observed by
day 33 after second wransplanadon. Acute and chronic grafi-
versus-host discase did nor develop, and evdosparine was apered
off in Naveniber 2003.
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1-Cell LGLL After Cord Blood Transplantation

Figure 1 T-Cell Large Granular Lymphocyte Leukemia
Stained with May-Giemsa on the Peripheral
Blood Smear

The predominant colts were tvpical of LGLy with abundant cvtaplasmeand fing or course
azurophilic granutes:
Hrmatozylin ang €osin Stains originat magnification x 1000,

lu Febroary 2004, 10 months after the sccond cord blood
transplancaition, he developed anorexia, abdominal distendon
with fluid accumnuladion, and edema in the lower extremidies.
A computed womography scan showed gross ascites and mild
pleural effusion but no sign ol cnlarged lymph nodes or
hepatosplenomegaly. The peripheral whire blood cell coumt
was 10,300/l (10.3 » 109/1), and 30% of the cells had a
morphology of medium to large lymphocytes with abundam
azurophilic granules in the cytoplasm, as shown in Figure 1. The
hemoglobin level was B.8 g/dL {88 g/1.), and the plarelet count
was 192 < 103/pL (1.92 < 107/1.).

A retrospective review of the peripheral blood smears disclosed

thar the appearance of LGL coincided with the rapering off of

immiunosuppression 3 momhs before the admission.

Flow cytometry examination of the peripheral bloud
manonuchear cells showed a homogeneous population of 1-cell
LGLs paositive for CD2, CD3, CD8. CD56. and T-cell recepros
(TCR)~-¥5, but negative for CD4 and TCR-0f. The DM biopsy
specitnen histologically showed 10% of hypocdllular gelatinous
marrow with diffuse infiltration of medium 10 large lymphoid
cells. Immunnperexidase studies on sections of BM showed
strong cxpression of T-cell-restricted intracellular antigen-1,
partially positive sraining of CD8 and granzyme B. but no
expression of CD3 or CN20. Southern blot analysis of the BM
cells revealed a clonal rearrangement of the TCR-B chain, as
thown in Figure 2 and TCR-8 chain (data not shown).

Abdominal paracentesis was performed with milky chylous fluid,
and a flow cytometry examination showed results similar to dhose in
the peripheral blood. Muliprimer-hased polymerase chain reaction
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Figure 2 Southern Blots of T-Cell Receptor |3-Chain

Gene Rearrangements

Control
B E H

DNA liom BM of this patient was hybridized-with & TER CB1 probe.
Arows inticale rearrangad bands.
Aubrevigtions: B = Bam H1: E.= £co R: H = Hind i

(PCR)} analysis of ascitic cells alsg showed clonal rearrangement.
of the TCR-8 chain, as shown in Figure 3. The primer sets were
used in the following locations: V81, 5-AAA GTG GIC GCT
ATT CTG TC-3; V824, 3'-GCA CCA TCA CAG AGA GAT
GA-3 18, 5- TGG 1T'TC CAC AGT CAC ACG GG-3'; D3R,
3.TTG TAG CAC CG'F GCG TAT CC-3'. The amplified 200
base-pair PCR producrs of the TCR-S chain were then cloned into
the pCR-TOPQ vector. The DNA sequences of 3 dones amplified
by vecrors were identical and had high hemology w TCR-5
chain including a 197 base-pair sequence {daa not shown). This
sequence also involved the forward and reverse primers V8! and
9. respectively, described previously.

The resules of all of the previously menrioned smudies
indicated the clonal expansion of T cells compatible with a
diagnosis of T-cell LGLL with 8 T-cell phenotype involving
peripheral blond, BM, and ascites.

Donor-recipient DNA chimerism was analyzed by comparing
the shorc iandem repear findings for the donor blood sample
and pretransplantation recipient samples. Fleven short randem
repear loci were analyzed Hy PCR using ar: AmpFISTR SGM
Plus” kit. The peripheral blood sample (containing 30% T-LGL)
and the second cord blaod sample showed the same peaks at the
locus (11165539). as shown in Figure 4. These resules further
confirmed that the expanded ¥8 T-LGL cells were exclusively of
second cord blood uansplantation donor origin.

Serologic examination showed no evidence of viral
infection. Real-time PCR analysis revealed a high load of EBV
(7.9 » 102 copies/ 108 cells). However, in situ hvbridization studices
of BM cells did not reveal EBV-encoded small RNA, and

Southern bloc analvsis of BM cells also showed no band for



