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Stenotrophomonas maltophilia infection in hematopoietic SCT
recipients: high mortality due to pulmonary hemorrhage

K Tada', S Kurosawa', N Hiramoto', K Okinaka', N Ueno', Y Asakura’, 5-W Kim", T Yamashita®, S-1 Mori', Y Heike', AM Maeshima?,

R Tanosaki®, K Tobinai' and T Fukuda'

To clarify the clinical features and outcome of Stenotrophomonas maltophilia infection among hematopoietic SCT (HCT) recipients,
we retrospectively reviewed the records of 1085 consecutive HCT recipients and identified 42 episodes in 31 HCT recipients with
S. maltophilia infection. We compared these recipients with 30 non-HCT patients with S, maltophilia infection. The mortality rate in
HCT recipients was significantly higher than that in non-HCT patients (relative risk 5.7, P=0.04), and we identified seven patients
with pulmonary hemorrhage due to S. maltophilia, exclusively in the HCT cohort. Six of these latter seven patients died within 1 day
from the onset of hemorrhage and the isolate was identified after death in most cases; one patient, who received empiric therapy
for S. maltophilia and granulocyte transfusion, survived for more than 2 weeks. The patients with pulmonary hemorrhage had a
more severe and longer duration of neutropenia, persistent fever despite of the use of broad-spectrum antibiotics, complication by
pneumonia and higher C-reactive protein levels than those without pulmonary hemorrhage. In conclusion, S. maltophilia was.
associated with fulminant and fatal pulmonary hemorrhage in HCT recipients. Empiric therapy with antibiotics before the onset of
pulmonary hemorrhage may be effective in HCT recipients who carry the conditions identified.
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INTRODUCTION

Stenotrophomonas maltophilia is a non-fermentative, Gram-nega-
tive bacnlus that is ubiquitous in the natural and hospital environ-
ment,"™ and exhibits intrinsic resistance to many antibiotics
including P-lactams, carbapenems and aminoglycosides.>®
Although S. maltophilia is not usually highly virulent, it is a
significant pathogen in immune-compromised patlents, and the
incidence of S. maltophilia infection is increasing.”

Previously, in a heterogeneous group that included recipients of
hematopoietic SCT (HCT) and non-HCT patients with solid tumor or
hematological malignancy, risk factors for acquiring S. maltophilia
infection were reported to be prolonged neutropenia, exposure to
broad-spectrum antibiotics, mucositis, indwelling medical devices
such as an intravascular catheter or ventilation tubes and long
hospital stays.®™*? In a similarly heterogeneous group, risk factors for
mortality of S. maltophilia infection were reported to be neutropenia,
hematological malignancy, immunosuppressive therapy, shock
status at infection onset and intensive-care unit stays.'>”"’
However, only limited information is available on HCT
recipients.'*'8* Many of the previously reported risk factors are
commonly seen in HCT recipients because of their severe
immunosuppressive status and mucositis due to preparative
conditioning and immunosuppressive therapy for GVHD prophylaxis.

Hence, S. maltophilia infection in HCT recipients may have a
different spectrum and greater severity compared with that in
patients with solid tumor or non-HCT setting hematological
malignancy. To clarify the clinical features and outcome of
S. maltophilia infection with a particular focus on HCT recipients,
we retrospectively analyzed clinical data on patients who had
S. maltophilia infection.

PATIENTS AND METHODS

Patients

We retrospectively reviewed the medical and microbiological records of all
the HCT recipients at the National Cancer Center Hospital (Tokyo, Japan)
between January 2001 and December 2010, and identified episodes of
S. maltophilia blood stream infection (BS!) among the HCT recipients. We
also reviewed the medical and microbiological records of all patients
whose blood cultures were positive for S. maltophilia at our institution in
the same period and identified episodes of S. maltophilia BS| among the
non-HCT patients. We then compared the clinical features and outcomes in
the HCT cohort with those in the non-HCT control cohort.

Definitions

An episode of 5. maltophilia BSI was defined as one or more positive
blood cultures for S, maltophilia with clinical signs of infection. When
S. maltophilia was again detected in the same patient at an interval of 8 or
more days after the first BSI episode had improved, the detection of the
isolate was regarded as a different episode of BSI, as previously
reported.”®? The severity of illness was assessed by the bacteremia
score according to the University of Pittsburgh (PITT score)"?? The
D-index and cumulative D-index, which were calculated as the area over
the neutrophil curve that is based on a graph plotting the absolute
neutrophil counts during neutropenia,®® were also investigated to evaluate
the impact of both duration and severity of neutropenia on S. maltophilia
infection.

Infection control in HCT recipients and microbiological
investigations

Among the HCT recipients, prophylaxis for infection consisted of
trimethoprim-sulfamethoxazole (ST), ciprofloxacin, fluconazole and acyclo-
vir. As therapy for febrile neutropenia, cefepim was first administered in
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most cases, and in cases that did not improve within 2-3 days, either it was
switched to carbapenem or vancomycin was added.

Two sets of blood culture samples from a double-lumen intravascular
catheter and another from peripheral blood were routinely taken at the
initial episode of fever. If fever persisted, one set of the blood culture
samples was taken daily from either the lumen of the intravascular
catheter or a peripheral vessel alternately. Blood culture samples were
processed using a BACTEC 9240 (before 2008) or BACTEC FX (after 2009)
system (Becton Dickinson Microbiology Systems, Sparks, MD, USA).
Susceptibility to antibiotics was tested by the broth microdilution method
according to the guidelines of the National Committee for Clinical
Laboratory Standards.

Statistical analysis

The end point was defined as death within 4 weeks from the onset of a
positive blood culture for S. maltophilia. Categorical variables were
analyzed using a Chi-squared test or Fisher’s exact test as appropriate.
Continuous variables were compared using the Mann-Whitney U-test. To
investigate risk factors for death within 4 weeks in all cases including both
HCT and non-HCT cases, a multivariate logistic regression analysis was
performed. The following factors were used as covariates: age (<45 vs
>45 y), severe neutropenia at BS! onset, PITT score (<1 vs > 1),
complication by pneumonia and therapy for underlying disease (HCT vs
non-HCT). The statistical analysis was performed with the SPSS 11.0
statistical software package (SPSS Inc, Tokyo, Japan).

RESULTS

Patient characteristics

In the study period between 2001 and 2010, a total of 1085 HCT
(847 allogeneic HCT and 238 autologous HCT) procedures were
performed in our institution. A total of 42 episodes (35 episodes in
allogeneic HCT recipients and 7 episodes in autologous HCT
recipients) of S. maltophilia BSI were identified in 31 HCT recipients
(2.9%). There was no obvious outbreak of S. maltophilia infection
in the study period.

The patient characteristics are shown in Table 1. Broad-
spectrum cefem or carbapenem was administered in 60% of the
episodes at BSI onset. With regard to the therapy for S. maltophilia
infection, the intravascular catheter was removed in 10 (24%)
episodes in which catheter-related BSI was suspected. When
S. maltophilia BSI was diagnosed, ST or fluoroquinolone was
started based on the susceptibility test in 19 episodes, whereas no
antibiotics were additionally administered in 7 episodes where
S. maltophilia was only detected in blood culture after death.

Clinical outcome

In all, 14 patients died within 4 weeks from the onset of a positive
blood culture for S. maltophilia. We divided causes of death into
two patterns; eight patients were judged to have died from a
single cause due to S. maltophilia infection, whereas six appeared
to have died of complex causes, which consisted of S. maltophilia
infection and some other cause (underlying disease progression in
two, GVHD in two, other infection in one and suffocation due to
vomiting in one). Pulmonary hemorrhage accounted for half of
the 14 deaths. Among the 847 allogeneic HCT recipients, 18
patients (2.1%) developed pulmonary hemorrhage (infection of
S. maltophilia: n=7, Aspergillus species: n=3, Pseudomonas
aeruginosa: n = 1, Staphylococcus species: n = 1, cytomegalovirus:
n=1, idiopathic pneumonia syndrome/diffuse alveolar hemor-
rhage: n = 2, disseminated intravascular coagulation: n =1, tumor
invasion: n =1 and unknown cause: n=1).

Seven cases with pulmonary hemorrhage

The details of the seven patients with pulmonary hemorrhage are
shown in Table 2. All the episodes of pulmonary hemorrhage
occurred during a period of profound neutropenia (neutrophil
count 0/pL).
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Table 1. Patients and clinical characteristics of HCT recipients who
developed S. maltophilia BSI
Total 31 patients %
(42 episodes)
Age, median, range 44 years, 4-67
(43 years, 4-67)
Sex (male/female) 25/6 (34/7) 81/19 (81/19)
Underlying disease
Leukemia 19 (24) 61 (57)
Lymphoma 709 23 (21)
MDS/myelofibrosis 3(3) 10 (7)
Solid tumor 2 (6) 6 (14)
Type of HCT
Allogeneic 28 (35) 90 (83)
Autologous 3(7) 10 (17)
Conditioning for allo-HCT
Myeloablative 15 (19) 54 (54)
Reduced intensity 13 (16) 46 (46)
Donor and source
Related PB 8 (9) 26 (21)
Related BM 1(1) 32
Unrelated BM 14 (18) 45 (43)
Cord blood 5(7) 16 (17)
Autologous PB 3(7) 10 (17)
Immunosuppressive agents
CSP + steroid 13 (16) 42 (38)
TAC * steroid 9 (11) 29 (26)
Steroid 4 (4) 13 (10)
None 5(11) 16 (26)
CV indwelling 30 41) 97 (98)
Antibiotics at BSI onset
Carbapenem * vancomycin 13 (18) 42 (43)
Broad cefem or penicillin 6 (7) 19(17)
Ciprofloxacin (prophylaxis) 8 (9) 26 (21)
ST (prophylaxis) 2 (4) 6 (10)
Other 1(1) 3(2)
None 1(3) 1(7)
Therapy for infection
CV removal 7 (10) 23 (24)
Granulocyte  Transfusion 2(2) 6 (5)
ST 5(5) 16 (12)
ST + quinolone 3(3) 10 (7)
ST + ceftazidime 1) 3(5)
Quinolone £ minocyclin 709 23 (21)
Ceftazidime 34) 10 (7)
None 9(9) 29 (21)
Abbreviations: BS|=blood stream infection; CSP=cyclosporine; CV=
central venous catheter; HCT = hematopoietic SCT; MDS = myelodysplastic
syndrome; PB = peripheral blood; ST=trimethoprim-sulfamethoxazole;
TAC =tacrolimus.

As initial symptoms, all patients showed persistent fever that
did not respond to broad-spectrum antibiotics. Other symptoms
included chest pain (n = 4), back pain (n = 2), hemosputum (n = 2)
or dyspnea (n=1). Imaging test findings of chest X-ray (n=5} or
computed tomography (n=5) in all patients showed consolida-
tion that was consistent with symptoms such as chest pain. Six
patients (cases 1-3 and 5-7) developed massive hemoptysis
within 1-4 days after the initial chest symptoms. At the onset of
massive hemoptysis, all the patients developed respiratory and
circulatory failure due to bleeding and sepsis. Six patients, but not
case 7, died within 1 day after hemoptysis.
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Table 2. Details of patients with pulmonary hemorrhage due to S. maltophilia
Case  Age/ Underlying Type of Conditioning Onset day” of Day’ of Day® of identification Treatment for
gender  disease HCT hemorrhage death of S maltophilia S maltophilia
infection
Sputum Blood
1 27/M AML CBT CA+CY+TBI 10 10 After After None
12Gy death death
2 37/M Myelofibrosis ~ U-BMT BU+CY 1 11 After After None
death death
3 54/M AML U-BMT CY+TBl 12Gy 15 16 12 After None
death
4 58/M AML CBT Flu+BU +TBI 18 18 9 After CAZ
(second 2Gy death
allogeneic
HCT)
5 43/M AML CBT Flu+ Mel 6 7 Previously After ST+ PZFX+CAZ
(second known death
allogeneic
HCT)
6 24/M  AML R-PBSCT BU +CY 445 (11)° 446 (12)° NA 445 (11)° ST
7 51/M AML U-BMT BU +CY 39 55 42 40 ST+ PZFX
granulocyte
transfusion
Abbreviations: CA = cytarabine; CAZ = ceftazidime; CBT=cord blood transplantation; Flu=fludarabine; HCT=hematopoietic SCT; Mel=melpharan;
NA =not assessment; PZFX = pazufloxacin; R-PBSCT =related PBSCT; ST = trimethoprim-sulfamethoxazole; U-BMT = unrelated BMT. ®Day after allogeneic
HCT. ®Day after chemotherapy using idarubicin and cytarabine for relapse after allogeneic HCT.

Because of the significantly rapid clinical course, S. maltophilia
was detected in blood culture after death or 1 day before death in
six patients (cases 1-6) and, similarly, S. maltophilia was detected
in sputum culture after death in two patients (case 1 and 2).

Therapy for S. maltophilia was not initiated in three cases (cases
1-3) because the isolate was identified after death. In case 7, the
administration of ST and pazufloxacin was started before the
onset of hemoptysis and the identification of isolate because
pulmonary hemorrhage due to S. maltophilia was suspected based
on a typical clinical course and imaging test findings. Granulocyte
transfusion was also started 38h after the onset of hemoptysis
and 28 h after the detection of S. maltophilia in blood culture. This
patient survived for 16 and 15 days after the onset of hemoptysis
and the identification of BSI, respectively. However, he eventually
died due to S. maltophilia infection associated with primary graft
failure. In case 5, the administration of ST and pazufloxacin was
started before hemoptysis because he had a past history of
S. maltophilia infection. The isolates exhibited resistance to the
antibiotics used and he died within 1 day after hemoptysis.
Bronchial arterial embolization was performed for pulmonary
hemorrhage in two patients (case 1 and 5), however, neither were
rescued.

Pulmonary hemorrhage due to S. maltophilia was diagnosed by
the detection of S. maltophilia in blood and sputum cultures,
histopathological findings of pulmonary hemorrhage and the
presence of massive infiltration of Gram-negative rods in lungs by
autopsy in three cases (cases 2, 3 and 5) (Figure 1). Cases 1 and 7
were diagnosed by the detection of S. maltophilia in blood and
sputum cultures and the confirmation of pulmonary hemorrhage
using bronchoscopy. Case 4 was diagnosed by the detection of
S. maltophilia in blood and sputum cultures and clinical symptoms
such as hemoptysis. Case 6 was diagnosed by the detection of
S. mailtophilia in blood culture and pulmonary hemorrhage
confirmed by bronchoscopy.

Although the histopathological findings at autopsy in case 2
demonstrated one focal small nodule of aspergillosis in the right
upper lobe, pulmonary hemorrhage was mainly found in the
bilateral lower lobes, and therefore was mainly assumed to be due
to S. maltophilia infection. There was no histopathological
evidence of fungal infection in the other autopsy cases. Serum
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galactomannan Ag and B-b-glucan were tested at around the
onset of pulmonary hemorrhage and results were negative in six
cases, but not in case 2. The clinical characteristics and outcome in
patients with and without pulmonary hemorrhage are compared
in Table 3. Patients with pulmonary hemorrhage were associated
with severe and longer duration of neutropenia, higher C-reactive
protein levels at BSI onset, a higher D- and cumulative D-index, a
higher incidence of complication by pneumonia and higher
mortality than those without pulmonary hemorrhage.

Comparison of HCT recipients with non-HCT patients

The clinical characteristics and outcomes of HCT recipients (42
episodes) were compared with those of 30 non-HCT patients (15
episodes with hematological malignancy and 15 with solid tumor)
who developed S. maltophilia infection (Table 3). HCT recipients
were more likely to be associated with severe neutropenia (< 100/pL),
use of immunosuppressive agents and a higher mortality within 4
weeks after S. maltophilia BSI than non-HCT patients.

Although there was no significant difference in the proportion
of patients with S. maltophilia pneumonia between the HCT
recipients and non-HCT patients, pulmonary hemorrhage was
seen only in HCT recipients. By a multivariate analysis in all the 72
episodes, including both HCT (n =42) and non-HCT cases (n = 30),
the independent risk factors for mortality within 4 weeks after
S. maltophilia BSI were HCT recipient (relative risk 5.7, 95%
confidence interval 1.1-30.1, P=0.04) and complication by
pneumonia (relative risk 10.7, 95% confidence interval 2.6-44.2,
P=0.001).

Susceptibility of strains of S. maltophilia from HCT recipients

A total of 41 strains of S. maltophilia isolated from HCT recipients
were tested with regard to their susceptibility to antibiotics. The
percentages of isolates that were susceptible to ST (81%),
minocycline (93%) and levofloxacin (68%) were relatively high,
whereas fewer isolates were susceptible to ceftazidime (26%),
amikacin (21%), cefepime (5%) and imipenem (3%). There were no
significant differences in susceptibility to each antibiotic between
isolates from HCT recipients and those from non-HCT patients.

© 2013 Macmillan Publishers Limited



Lung section from case 5 (autopsy). (a) Massive intraal-
veolar hemorrhage and disseminated foci of basophilic bacteria
(hematoxylin and eosin stain, x40). (b) Higher magnification of
hematoxylin and eosin staining showed a striking number of
basophilic bacilli (arrow) without infiltration of the alveoli neutro-
phils and lymphocytes ( x 400).

Figure 1.

DISCUSSION

This is a retrospective study reporting the clinical characteristics
and outcomes of S. maltophilia infection with a particular focus on
HCT recipients. Our data revealed that HCT recipients who had
S. maltophilia infection were more likely to be associated with
pulmonary hemorrhage, which was the main cause of death in
the cohort, and had a higher mortality within 4 weeks after
S. maltophilia BSI than non-HCT patients.

Previous studies of S. maltophilia infection in HCT recipients
included many patients with catheter-related BSI and emphasized
the removal of an intravascular catheter and the administration of
appropriate antibiotics according to the results of a susceptibility
test.”®'®1 Our results were consistent with those of previous
studies because 28 out of 42 episodes (67%) of S. maltophilia
infection in this study were successfully treated. However, in
previous reports that included S. maltophilia infection in HCT
recipients, there was no information on pulmonary hemorrhage
due to S. maltophilia.">'®'® Additionally, in previous large studies
of post-transplant pulmonary hemorrhage, S. maltophilia had not
been detected as a cause of pulmonary hemorrhage.**® There
have been only a few reported cases in a non-HCT setting that
were associated with pulmonary hemorrhage due to S. maltophilia

© 2013 Macmillan Publishers Limited

S. maltophilia infection in HCT recipients
K Tada et al

after intensive chemotherapy against hematological malignancy.2’->°

Hence, this is the first report to comprehensively describe the overall
picture of pulmonary hemorrhage due to S. maltophilia with a
particular focus on HCT recipients, including the histopathological
findings of autopsy, incidence, typical clinical course, risk factors and
outcome.

By reviewing the medical records in detail, we identified the
clinical characteristics of post-transplant pulmonary hemorrhage
due to S. maltophilia. Risk factors for pulmonary hemorrhage due
to S. maltophilia were HCT recipient, prolonged days of
neutropenia, high C-reactive protein level at BSI onset and
complication by pneumonia. In addition to the duration of
neutropenia, the D- and cumulative D-index®® were also
considered to be factors that predicted pulmonary hemorrhage,
whereas a high PITT score at the onset of BSI was not associated
with pulmonary hemorrhage.

Typical findings that were recognized before pulmonary
hemorrhage were persistent fever despite of the use of broad-
spectrum antibiotics, chest symptoms, such as chest pain, and
apparent consolidation in imaging test. In many cases, it was
impossible to start antibiotic therapy based on the identification
of S. maltophilia infection in blood or sputum culture because
most patients developed a very aggressive clinical course and
died before the S. maltophilia infection was detected. Hence,
S. maltophilia infection should be predicted in the HCT recipients
based on the presence of risk factors for pulmonary hemorrhage
due to S. maltophilia, and treatment for S. maltophilia infection
should be considered before hemoptysis occurs.

In one of our cases (case 7 in Table 2), S. maltophilia infection
was suspected based on typical findings and risk factors for
pulmonary hemorrhage due to S. maltophilia, and empiric therapy
that consisted of ST and pazufloxacin was started before
hemoptysis and the detection of isolate. Granulocyte transfusion
was also started, which resulted in a long survival after pulmonary
hemorrhage was observed. This case suggests that empiric
therapy for S. maltophilia infection might be useful if typical
findings appear in HCT recipients who have risk factors for
pulmonary hemorrhage due to S. maltophilia.

Current treatment recommendations for antibiotics against
S. maitophilia are based on historical evidence, case series, case
reports and in vitro susceptibility tests because of the lack of
controlled trials."® In general, ST has been shown to have the most
potent and reliable in vitro activity against S. maltophilia, and
alternate agents are new fluoroquinolone, tigecycline and
ticarcillin-clavulanate. The isolates from both HCT recipients and
non-HCT patients in our study were confirmed to have a high
in vitro susceptibility to ST and new fluoroquinolone, however,
tigecycline and ticarcillin-clavulanate were not tested because
these drugs have not yet been approved in our country. Hence, ST
alone or in combination with other susceptible agents is
considered to be the treatment of choice for suspected or
culture-proven S. maltophilia infection in HCT recipients. However,
the myelotoxicity of ST might be a concern in the setting of HCT
before engraftment.

The mechanism of S. maltophilia-induced pulmonary hemor-
rhage remains uncertain. In vitro data demonstrated that
S. maltophilia produces proteases, which can break down the
protein components of collagen, fibronectin and fibrinogen,*'*2
and this may contribute to local tissue damage and hemorrhage.’
Because our present histopathological findings at autopsy
demonstrated alveolar hemorrhage and the massive infiltration
of Gram-negative rods in lungs without invasion by neutrophils or
lymphocytes, S. maltophilia itself might damage lung tissue, which
leads to pulmonary hemorrhage. In an HCT recipient with a highly
immunosuppressive background, it is speculated that S. maltophilia
infects and proliferates in lung tissue, which is fragile due to
chemotherapy or TBI as a preparative conditioning, and thus
leads to pulmonary hemorrhage with a coexisting tendency for
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Table 3. Comparison of clinical characteristics and outcomes
HCT cohort without HCT cohort with P HCT cohort Non-HCT P
pulmonary pulmonary n=42 (%) cohort
hemorrhage hemorrhage n=230 (%)
n=235 (%) n=7 (%)
Age, median, range 44, 4-67 43, 24-58 0.7 44, 4-67 49, 4-78 0.1
CRP (mg/dL) at BSI onset, median, range 3.0, 0.2-30.3 254, 5-31.2 0.001 49,0.2-31.2 5.3, 0.9
0.5-234
Neutropenia (<500/uL) at BSI onset 20 (57) 7 (100) 0.04 27 (64) 13 (43) 0.08
Profound neutropenia (< 100/uL) at BSI onset 19 (54) 7 (100) 0.03 26 (62) 10 (33) 0.02
Total days of neutropenia®, median, range 4, 0-143 25, 6-143 0.02 7, 0-143 0, 0-92 0.09
Total days of profound neutropenia®, median, 2,0-133 12, 4-133 0.02 4, 0-133 0, 0-84 0.05
range
D-index, median, range 1550, 0-70070 10400, 2600-70070 0.02 2950, 0, 0-44400 0.09
0-70070
Cumulative D-index, median, range 125, 0-46570 8400, 2600-64570 0.006 1550, 0, 0-30200 0.08
0-64570
PITT score >1 3(9) 7 (100) 0.2 10(17) 7 (23) 0.8
Coinfection 6(17) 2 (29) 0.4 8(19) 5(17) 0.9
Use of immunosuppressive agents 24 (69) 7 (100) 0.2 31 (74) 2(7) <0.001
Pneumonia 10 (29) 7 (100) 0.001 17 (40) 9 (30) 0.4
Pulmonary hemorrhage - - — 7(17) 0 (0) 0.02
Death within 4 weeks 7 (20) 7 (100) <0.001 14 (33) 3 (10) 0.02
Abbreviations: BSI =blood stream infection; CRP = C-reactive protein; HCT = hematopoietic SCT. *Day from onset of neutropenia (<500/uL) or profound
neutropenia (<100/pL) to recovery of neutropenia or profound neutropenia. If a patient died without recovery of neutropenia, days of neutropenia or
profound neutropenia were counted until the day of mortality.

bleeding due to a low platelet count and coagulation disorder.
Further molecular microbiological studies are warranted to
clarify the mechanism of S. maltophilia-induced pulmonary
hemorrhage.

Our results also showed that most patients who died without
pulmonary hemorrhage had complex causes of death, such as
underlying disease progression or uncontrolled GVHD in addition
to S. maltophilia infection. This might be due to the fact that
infections due to S. maltophilia occur often in patients in poor
condition.

Our study has some limitations; it includes a relatively small
number of patients in a single institution and uses a retrospective
study design. However, this is the largest study to focus on
S. maltophilia infection in HCT recipients and is the first study to
report the significance of pulmonary hemorrhage as a cause of
death.

In conclusion, we showed that S. maltophilia infection in HCT
recipients is associated with higher mortality than that in non-HCT
patients, and causes fulminant and fatal pulmonary hemorrhage,
which is a main cause of death in HCT recipients with
S. maltophilia infection. We also showed that patients with
pulmonary hemorrhage were associated with persistent fever
despite of the use of broad-spectrum antibiotics, complication by
pneumonia, severe and significantly longer duration of neutrope-
nia and higher C-reactive protein levels at the onset of BSI than
those without pulmonary hemorrhage. Empiric therapy before the
onset of pulmonary hemorrhage may be effective in HCT
recipients who exhibit these identified conditions because most
patients with pulmonary hemorrhage due to S. maltophilia die
within a short period without the detection of infection.
Multicenter prospective or retrospective studies that focus on
HCT recipients are warranted to evaluate the optimum therapeutic
strategy against this fatal and intrinsic multidrug-resistant
microbe.
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ARTICLE INFO ABSTRACT

Article history: Visualizing the in vivo dynamics of individual donor cells after allogeneic hematopoietic stem cell trans-
Received 28 December 2011 plantation (HSCT) will enable deeper understanding of the process of graft-versus-host disease (GVHD)
Recenve:cij 1: revrs;d2 (f)orzm 2 March 2012 and graft-versus-leukemia (GVL). In this study, using non-invasive in vivo fluorescence imaging of the ear
Accepted 4 March 201 pinna, we successfully visualized green fluorescent protein (GFP) donor cells at the single cell level in the

Avai line 15 March 2012 . . . . s . .
vailable online are skin, This imaging model enabled visualization of the movement of GFP cells into blood vessels in real

- time after allogeneic HSCT. At day 1, a few donor cells were detected, and the movement of donor cells
;{rg xzrf;l.]ular imaging in blood vessels was readily observed at day 4. Early donor cell infiltration into non-lymphoid tissue was
GEP increased by treatment with croton oil, as an inflammatory reagent. Treatment with dexamethasone, as
Allogeneic hematopoietic stem cell an anti-inflammatory reagent, suppressed donor cell infiltration. The in vivo cellular fluorescence imag-
transplantation ing model described here is a very useful tool for monitoring individual donor cells in real-time and for
Graft-versus-host disease exploring immunomodulatory reagents for allogeneic HSCT, as well as for understanding the mechanism

Immunomoduratory drug of GVHD.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction target tissues, such as the liver, gastrointestinal tract and skin
[6-11].
Allogeneic hematopoietic stem cell transplantation (HSCT) is an In vivo fluorescence imaging has been widely used for whole-

effective cell-therapy for hematological malignancies [1-3]. Donor body visualization in real time and multiple colors {12-20]. Further,
immune cells in the graft promote the elimination of leukemic single cell imaging can visualize lymphocyte trafficking in lym-
cells known as graft-versus-leukemia (GVL). However, donor T cells, phatic and blood vessels [21,22], as well as cell-to-cell interaction
which recognize major and minor histocompatibility antigenic in lymph nodes [23,24]. In a GVHD mouse model, donor cells were
disparity between donor and host, trigger host-tissue damage, tracked at the single-cell level in vivo [7,25].

termed graft-versus-host disease (GVHD), which is a potentially In this study, using in vivo fluorescence imaging with cellular
fatal adverse reaction of allogeneic HSCT [2-5]. The control of GVHD resolution, we evaluated the effects of immunomodulatory drugs
is one of the major challenges in clinical oncology. In vivo imag- on donor-cell migration at the single-cell level in non-lymphoid

ing techniques using green fluorescent protein (GFP) or luciferase tissue such as ear pinna. It was thus possible to assess the effects
transgenic mice as donors have been used to visualize the dynamics of the drug, and have a control, in the same animal when the drug
of donor immune cells after allogeneic HSCT. Imaging has demon- was painted on one ear pinna with the other serving as a control.
strated that donor T cells initially migrate into secondary lymphoid

tissues where they undergo activation and proliferation and enter ~ 2. Materials and methods

2.1. Mice
* Corresponding author at: Central Animal Division, National Cancer Center _ . g g _
Research Institute, 5-1-1, Tsukiji, Chuo-ku, Tokyo 104-0045, Japan. bleema}e F57BL/6’Tg (C/.\G EGFP) mice (termed B6-GFP-Tg, H
Tel.: +81 3452 2511x4452; fax: +81 3248 1631. 2b/5), ubiquitously expressing enhanced green fluorescence protein
E-mail addresses: yikarash@gan2.ncc.go.jp, yikarash@ncc.go.jp (Y. Ikarashi). [26], and (C57BL/6NCrSlc x DBA/2CrSlc) F; (termed BDF1, H-2b/d)

0165-2478/$ - see front matter © 2012 Elsevier B.V. All rights reserved.
doi:10.1016/j.imlet.2012.03.004
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Fig. 1. Invivo fluorescence imaging of donor cells in opened mice after allogeneic HSCT. Spleen and bone marrow cells from B6-GFP-Tg donor mice were injected intravenously
into BDF1 mice. (A-C) Mice were sacrificed and opened. GFP donor cells in whole body were visualized with the OV110 Small Animal Imaging System (A: control, B: 1 day,
C: 14 days). (D) Thirty five days after transplantation, shaved mice were anesthetized and imaged with the OV110. Arrows indicate GFP+ cells in organs.

mice, were purchased from Japan SLC, Inc. (Hamamatsu, Japan).
All mice were maintained in specific pathogen-free conditioned
animal facilities at the National Cancer Center Research Institute.
Mice between 8 and 12 weeks of age were used for all transplan-
tation experiments. Animal studies were carried out according to
the Guideline for Animal Experiments and approved by the com-
mittee for ethics of animal experimentation at the National Cancer
Center.

2.2. Allogeneic HSCT mice model and treatment with
immunomoduratory reagents

A mixture of 5 x 107 spleen cells and 5 x 10 bone marrow cells
from B6-GFP-Tg mice was injected intravenously via the tail vein
into untreated BDF1 mice as described previously [27,28]. Croton
oil, used as an inflammatory regent, and dexamethasone, used as
an anti-inflammatory reagent, were obtained from Sigma-Aldrich
(St. Louis, MO). At 3 h or 7 days after allogeneic HSCT, the mice were
painted on the right ear pinna with croton oil (acetone 1 1/20 p.l)or
dexamethasone (acetone 0.5 ng/20 1), respectively. As a control,
the same mice were painted on the left ear pinna with 20 p.lacetone
alone.

2.3. Variable magnification in vivo fluorescence imaging

The OV110 Small Animal Imaging System (Olympus, Tokyo,
Japan) with a cooled charge-coupled device CCD color camera and
a GFP-bandpass filter, was used for non-invasive imaging from
macro to micro [13]. The mice were anesthetized with isoflu-
rane by inhalation, and sequentially imaged for the GFP donor
cells in the ear pinna and shaved skin. Exposure times were

optimized and identical for each experiment. Video was acquired
at 10 frames/s. All images and video were obtained with OV110
software. To assess the effects of drugs on donor cell infiltra-
tion after allogeneic HSCT, GFP donor cell infiltration in the ear
pinna was quantitatively analyzed. GFP donor cells in the ear pinna
were initially counted and calculated as the number of donor
cells per mm2. At later stages after transplantation, the fluores-
cence intensity of GFP was calculated with OV110 software. To
avoid contamination of autofluorescence from hair, images were
obtained from the hairless areas in the ear pinna. When video of
the movement of GFP cells in the blood vessels was made, hair
in the ear pinna was removed by epilation to avoid autofluores-
ence.

2.4. Donor cell imaging in tissue sections and
immunofluorescence staining

Tissues were fixed with 4% paraformaldehyde in PBS at 4°C for
1h followed by transfer into 10% sucrose in PBS for 12-24h and
20% sucrose in PBS over 12 h. The tissues were embedded into an
0.C.T. compound (Miles Laboratory, IN), and quickly frozen in cold
isopentane. For immunofluorescence staining, the frozen block
was cut into 5 wm thick sections with a cryostat (Sakura Finetek
Japan, Tokyo, Japan). The sections were air-dried and incubated
with blocking solution (5% normal goat serum and 1% bovine
serum albumin in PBS) for 30 min and then incubated overnight at
4:C with anti-CD3e (500A2, eBioscience, San Diego, CA). Sections
were then incubated with Alexa Fluor 594-conjugated goat anti-rat
IgG antibody (invitrogen) for 1h at room temperature, After each
incubation, sections were washed with PBS containing 0.01%
Triton X. Sections were mounted with VECTASHIELD with DAPI
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Fig. 2. Quantitative in vivo fluorescence imaging of donor cells in the ear pinna and the effects of inflammatory agents. (A) At 3 h after transplantation, croton oil (right panels)
and acetone alone as a control (left panels), were painted on right and left ears, respectively. At day 1, GFP donor cells in the ear pinna were imaged. Low magnification
images are in upper panels (scale bar, 2mm) and high magnification images are in lower panels (scale bar, 250 wm.). Data are representative of 7 mice. (B) At day 1 after
transplantation, GFP cells were counted in the ear pinna with high magnification and the number of GFP cells per 1 mm? was calculated. The data were from 13 fields from

5 mice and show meanz SD. **p <0.01. Arrow indicates GFP+ cell.

(Vector Laboratories, Inc., Burlingame, CA). The sections were
observed under fluorescence microscopy (Eclipse E1000, Nikon,
Tokyo, Japan) equipped with a QICAM FAST1394 CCD camera
(QImage, Surrey, BC, Canada) and Meta Morph software (Universal
Imaging Corp., Buckinghamshire, UK). In the tissue sections, the
number of donor cells was quantitated by manually counting
GFP cells.

2.5. Statistical analysis

The statistical significance of differences between experimental
groups was determined using the Student’s t-test.

3. Results
3.1. Fluorescence imaging of donor cells after allogeneic HSCT

Using a fluorescence macro~microscopic imaging system
(0V110), we could clearly visualize GFP donor cell localization in
mice with open abdomens (Fig. 1A-C). GFP fluorescence was easily
distinguished from orange autofluorescence in the gastrointestinal
tract (Fig. 1). Similar to previous reports [7], donor cells immedi-
ately localized to secondary lymphoid tissues and then infiltrated
into the whole body in the allogeneic HSCT recipients. We read-
ily detected GFP cells in the shaved skin, ear pinna and forelimb
at day 35 after transplantation (Fig. 1D). GFP donor cells were also
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Fig. 3. In vivo imaging of exacerbation of donor cell infiltration by treatment with croton oil. (A) At 3 h after transplantation, croton oil (right panels) and acetone alone as
control (left panels) were painted on right and left ears, respectively. At 7 (upper panels) and 14 (lower panels) days after transplantation, GFP donor cells in the ear pinna
were imaged with the OV110 (scale bar, 2 mm.). Data are representative of 8-12 mice. (B) Fluorescence intensity of GFP was measured with the OV110 software. The data

were from 8 mice and show mean=SD. *p<0.05, **'p<0.01.

detected in the liver, small intestine, lymphnode and Peyer’s patch
at the single-cell level in the dissected mice (data not shown).

3.2. Non-invasive in vivo fluorescence imaging of donor cells in
the ear pinna at the single-cell level after allogeneic HSCT

To sequentially monitor donor cell infiltration after transplan-
tation in the same mouse, we imaged the donor cells in the ear
pinna. We determined whether donor cells could be non-invasively
imaged in the ear pinna at the single-cell level. At day 1 after trans-
plantation, donor cells were detectable at that site (Fig. 2A, lower
left panel). Further, we could observe the movement of GFP donor
cells into the blood vessels in the ear pinna. At day 4, GFP donor
cells rapidly flowing, rolling or attaching to the vessels in the ear
pinna were observed (supplemental video 1). These results indicate

that it is possible to non-invasively monitor the dynamics of donor
cells in the skin at the single-cell level.

3.3. Imaging the efficacy of immunomodulatory agents

We assessed whether non-invasive in vivo fluorescence imag-
ing would be useful for screening immunomodulatory drugs for
GVHD in the skin, which is a major target for GVHD. First, we tested
the effect of croton oil as an inflammation stimulator after allo-
geneic HSCT. At 3 h after transplantation, the mice were painted
with croton oil on the right ear with the left ear serving as a
control. At day 1 after transplantation, increased infiltration of
donor cells was clearly observed at high magnification in the ear
pinna treated with croton oil (Fig. 2A). Moreover, it was possi-
ble to count GFP cells in the field and calculate the number of
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Fig. 4. Quantitative analysis of donor cell infiltration in frozen sections. (A) At 3 h after transplantation, croton oil (right panels) and acetone alone as control (left panels)
were painted on right and left ears, respectively. At day 7 after transplantation, GFP cells in the frozen tissue sections were observed by fluorescence microscopy (scale bar,
50 p.m.). (B) At day 7 after transplantation, GFP cells were counted in the frozen sections. Data were from 20 fields from 3 mice and show mean+SD. **p<0.01.

donor cells per area. At day 1, a few GFP cells were observed in
the control ear pinna, whereas approximately 90 GFP cells per
mm? pinna accumulated in the ear after treatment with croton oil
(Fig. 2B).

At 7 and 14 days after transplantation, donor cell infiltration
was obviously increased in the ear pinna by treatment with croton
oil (Fig. 3A). Since counting the number of infiltrating donor cells
with the OV110 was difficult, due to the accumulation of many
donor cells in the ear pinna, we calculated the fluorescence inten-
sity per area using OV110 software. The analysis showed that donor
cellinfiltration was significantly increased in croton-oil-treated ear
pinna at 7 and 14 days after transplantation (Fig. 3B). To validate
the quantification of donor cell infiltration using in vivo imaging, we
compared it with the conventional method of counting the num-
ber of GFP cells in frozen sections. Similar to in vivo imaging, GFP
cells were found to be significantly increased in the frozen sections
from croton-oil-treated tissue (Fig. 4). These results indicated that
non-invasive in vivo fluorescence imaging is able to evaluate the
effects of immunomodulatory drugs on donor-cell infiltration after
allogeneic HSCT.

In order to determine whether anti-inflammatory drugs
suppress donor-cell infiltration in allogeneic HSCT recipients,
dexamethasone, as an anti-inflammatory drug, was painted on
the right ear at day 7 after transplantation and monitored for
alteration of donor cell infiltration (Fig. 5A). In vivo fluores-
cence imaging revealed that dexamethasone could significantly
suppress donor cell infiltration at 14 days after transplantation

(Fig. 5).

3.4. Identification of infiltrating cell subsets using
immunofluorescence staining

Next, we identified the subsets of infiltrating cells. At day 7 after
transplantation, CD3* and GFP cells were observed in the croton oil-
treated ear pinna, using immunofluorescence staining (Fig. 6A and
B). At day 14, dexamethasone treatment suppressed GFP-cell and
CD3*-cell infiltration in the skin (Fig. 6C and D). GFP~ CD3*-cells
derived from the host were also observed (Fig. 6B and C).

4. Discussion

An analysis of the in vivo dynamics of donor cells is useful for
understanding the process of allogeneic HSCT, such as GVHD, GVL
and reconstitution of hematopoietic and immune systems. In vivo
imaging techniques are suitable for an analysis of the dynamics of
donor cells after allogeneic HSCT and have revealed their migration
and expansion patterns [6-11]. In the present report, we showed
that a non-invasive in vivo macro-micro fluorescence imaging sys-
tem is a very useful tool for monitoring donor cells at the single
cell level and in real time, and for exploring inhibitory drugs and
exacerbating factors of GVHD.

The skin is a major target tissue of GVHD and cutaneous
involvement is the most frequent GVHD manifestation [4,5]. To
monitor the skin after induction of GVHD, it was possible to non-
invasively and sequentially visualize individual GFP donor cells in
mice [3]. Further, using the ear pinna, GFP donor cells infiltrating
the immunomodulatory drug-treated ear were able to be compared
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Fig. 5. The effect of dexamethasone on donor cell infiltration. (A) At 7 days after transplantation, dexamethasone (right panels) and acetone alone as control (left panels)
were painted on right and left ears, respectively. Before treatment (upper panels) and at day 14 after transplantation (lower panels), GFP donor cells in the ear pinna were
imaged with the OV110 (scale bar, 2 mm.). Data are representative of 8 mice. (B) Fluorescence intensity of GFP was measured with the OV110 software. The data were from

7 mice and show mean + SD. **p<0.01.

with those in the untreated ear in the same animal, enabling the
determination of the effects of immunomodulatory drugs for skin
GVHD at the local level. It has been previously reported that donor
cells could be detected in lymph nodes at 6h [7,29]. Using fluo-
rescence macro-microscopy, we could image individual GFP donor
cells in whole ear pinna including the trafficking of donor cells in
the blood vessels. .
Fluorescence imaging as well as conventional methods for
counting GFP cells in frozen sections revealed that GFP cell infil-
tration was significantly increased by croton oil. The advantages of
in vivo fluorescence imaging are its ability to count individual GFP
cells in the large area of the ear pinna and evaluate the degree of
donor cell infiltration in real-time without having to make frozen
sections. Moreover, we could sequentially monitor GFP cells in the
same animal to compare treated and untreated ear pinna in the

same mouse to evaluate the effects of drugs on skin GVHD in real
time.

Regarding selectivity of donor cells recruitment, Panoskaltsis-
Mortari et al. [7] reported that donor cells were observed in
lymphoid tissues at 7 days after transplantation in syngeneic mice,
but they are not present or present only at low levels in target tis-
sues such as skin, liver and lung compared with allogeneic mice.
Therefore, we suggest that donor cells which are observed in the
skin in our report are selectively recruited.

Immunofluorescence staining analysis enabled identification
of the infiltrating donor and host cell subsets in the lesions
and increased our understanding of the pathogenesis of GVHD.
Immunofluorescence staining revealed that at day 1 after trans-
plantation, GFP cells detected in the ear pinna treated with croton
oil were Gr1* cells, and that a large number of recipient Gr1* cells
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Fig. 6. ldentification of infiltrating donor cell subsets using immunofluorescence staining. (A and B) At 3 h after transplantation, croton oil (B) and acetone alone as control
(A) were painted on right and left ears, respectively and analyzed at day 7 after transplantation. (C and D) At day 7 after transplantation, dexamethasone (D) and acetone
alone as control (C) were painted on right and left ears, respectively and analyzed at day 14 after transplantation. (A-D) Frozen sections of ear pinna were stained with
CD3 monoclonal antibody and GFP and CD3* cells were observed by fluorescence microscopy (scale bar, 100 um). Arrows indicate GFP CD3"* cells (donor T cells). Data are

representative of 3 mice.

(GFP~ cells) also infiltrated (data not shown). Croton oil stimula-
tion is known to induce neutrophil accumulation [30,31]; therefore
early recruitment of both donor- and recipient-type Gri1* cells
could be elicited by croton oil stimulation rather than allogeneic
responses. Activated neutrophils produce several chemkines such
as CXCL9, CXCL10 and CXCL11 which attract CXCR3-expressing T
cells [32-34]. Furthermore, on day 3 after transplantation, CXCL10
and CXCL11 produced in target tissues, directed the early recruit-
ment of activated CXCR3-expressing donor T cells [35]. Our resuits
showed that increased donor cell infiltration was observed in the
ear pinna treated with croton oil after transplantation. We sug-
gest that increased donor cell infiltration could be dependent not
only on inflammatory responses by croton oil, but on allogeneic
responses as well. Immunofluorescence staining of CD3, infiltrat-
ing T cells showed they were both donor and recipient. In this
study, we used non-myeloablative allogeneic HSCT mouse models.
Recipient immune cells were not depleted by conditioning; thus,
recipient T cells might be involved in the lesions [22]. Treatment
with corticosteroid alleviates skin GVHD, which was demonstrated
by fluorescence imaging in real time.

In conclusion, non-invasive and single cell in vivo imaging using
a fluorescence macro-microscope is very useful for drug screening
for early- and late-stage GVHD in real time.
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SHORT COMMUNICATION
A simple detection system for adenovirus receptor expression

using a telomerase-specific replication-competent adenovirus

T Sasaki', H Tazawa®*?, J Hasei', S Osaki ', T Kunisada'*, A Yoshida', Y Hashimoto®, § Yano?, R Yoshida®, S Kagawa® F Uno®, Y Urata®,

T Ozaki' and T Fujiwara®

Adenovirus serotype 5 (Ad5) is frequently used as an effective vector for induction of therabeutic transgenes in cancer gene
therapy or of tumor cell lysis in oncolytic virotherapy. Ad5 can infect target cells through binding with the coxsackie and

adenovirus receptor (CAR). Thus, the infectious ability of Ad5-based vectors depends on the CAR expression level in target cells.
There are conventional methods to evaluate the CAR expression level in human target cells, including flow cytometry, western
blotting and immunohistochemistry. Here, we show a simple system for detection and assessment of functional CAR expression

in human tumor cells, using the green fluorescent protein (GFP)-expressing telomerase-specific replication-competent
adenovirus OBP-401. OBP-401 infection induced detectable GFP expression in CAR-expressing tumor cells, but not in CAR-
negative tumor cells, nor in CAR-positive normal fibroblasts, 24 h after infection. OBP-401-mediated GFP expression was
significantly associated with CAR expression in tumor cells. OBP-401 infection detected tumor cells with low CAR expression
more efficiently than conventional methods. OBP-401 also distinguished CAR-positive tumor tissues from CAR-negative tumor
and normal tissues in biopsy samples. These results suggest that GFP-expressing telomerase-specific replication-competent
adenovirus is a very potent diagnostic tool for assessment of functional CAR expression in tumor cells for Ad5-based antitumor

therapy.
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INTRODUCTION

Adenovirus serotype 5 (Ad5) is widely and frequently used as an
effective vector in cancer gene therapy and oncolytic virother-
apy.”® Adenovirus-mediated transgene transduction is a highly
efficient method for induction of ectopic transgene expression in
tumor cells.'? The p53 tumor suppressor gene, which is a
potential therapeutic transgene that may induce a very strong
antitumor effect, has been transduced into tumor cells using a
replication-deficient adenovirus vector (Ad-p53, Advexin, Intorgen
Therapeutics, Inc,, Austin, TX, USA), and Ad-p53 has been reported
to induce an antitumor effect in clinical studies.*”” Recently, an
Ad5-based replication-competent oncolytic adenovirus has been
developed as a promising anticancer reagent for induction of
tumor-specific cell lysis.>® Ad5-based vectors infect human target
cells through binding with the coxsackie and adenovirus receptor
(CAR).'® Thus, the infection efficiency of Ad5-based vectors mainly
depends on the CAR expression level in tumor tissues.'' ™"’
Increased CAR expression has been fre%uently shown in tumor
cells in various organs such as the brain,'® thyroid,'® esophagus,®
gastrointestinal tract,”’ prostate,' bone and soft tissues.2"%*
However, tumor cells often show reduced CAR expression
following tumor progression.'®?'?*?¢ Decreased CAR expression
has also been shown in tumor tissues after repeated injection of
Ad-p53.27%8 It is therefore necessary to assess the CAR expression
level of target tumor tissues before and after Ad5-based cancer
gene therapy and oncolytic virotherapy.

There are some conventional methods for evaluation of the
CAR expression level in tumor tissues, such as flow cytometry,
immunohistochemistry, western blotting and reverse trans-
cription (RT)-PCR. Flow cytometry is mainly used to detect
CAR-positive human tumor cell lines.'***?%%° immunohistochemistry
is frequently used to assess CAR expression in various human
tumor tissues.' 422323 Western blotting is usually performed to
confirm the expression of many types of proteins including CAR
in molecular biological experiments. Quantitative RT-PCR is also a
useful method for evaluation of the mRNA expression of CAR.'%%2
Although these conventional methods can detect CAR expression
in tumor tissues, it still remains unclear whether Ad5-based
vectors really infect target tumor cells through binding with the
CAR that is detected using conventional methods. Therefore, the
development of a novel method for assessment of the level of
expression of functional CAR in tumor tissues, which is what the
Ad5-based vectors really bind, is required for Ad5-based anti-
cancer therapy.

We previously developed a telomerase-specific replication-
competent adenovirus OBP-301 (Telomelysin, Oncolys BioPharma,
Inc,, Tokyo, Japan) that drives the ETA and E1B genes under the
human telomerase reverse transcriptase (hTERT) promoter.8'29’3‘
OBP-301 infects both normal and tumor cells that express CAR, but
replicates only in CAR-positive tumor cells in a telomerase-
dependent manner. Furthermore, we recently generated a green
fluorescent protein (GFP)-expressing telomerase-specific replication-
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competent adenovirus OBP-401, which induces ectopic GFP
expression in tumor cells, but not in normal cells.*? OBP-401
infection efficiently induces GFP expression in metastatic tumor
cells at regional lymph nodes>? and liver,®® circulating tumor cells
in blood flow®* and disseminated tumor cells in the abdominal
cavity.>® These results suggest that OBP-401 is a highly sensitive
tool for the detection of tumor cells. Furthermore, Ad5-based OBP-
401 would also be useful for induction of GFP expression in CAR-
positive tumor cells, but not in CAR-negative tumor cells.

In the present study, we evaluated whether induction of GFP
expression by OBP-401 infection is associated with CAR expression
in tumor cells. OBP-401-mediated GFP induction was further
examined in xenograft tumor tissues that have different levels of
CAR expression and in surrounding normal tissues.

RESULTS AND DISCUSSION

Assessment of an OBP-401 infection protocol for the detection of
CAR-positive tumor cells

We recently demonstrated that the level of CAR expression that
was detected using flow cytometry was significantly associated
with OBP-301-mediated cytopathic activity in human bone and
soft tissue sarcoma cells.”® Furthermore, OBP-401 infection has
been shown to induce GFP expression 24h after infection of
human sarcoma cells.>* To evaluate whether GFP expression that
is induced by OBP-401 infection is associated with CAR expression
in tumor cells, we used three human sarcoma cell lines (OST,
NMFH-1 and OUMS-27) that have different levels of CAR
expression, as previously reported.”® Flow cytometric analysis
confirmed that OST cells showed detectable CAR expression,
whereas cells of the NMFH-1 and OUMS-27 sarcoma cell lines had
no detectable CAR expression (Figure 1a).

To determine suitable conditions for OBP-401 infection in order
to detect CAR-positive tumor cells, OST sarcoma cells were
infected with OBP-401 at multiplicity of infections (MOIs) of 1, 10
and 100 plaque-forming units (PFU) per cell over 24 h (Figure 1b
and c¢). Twelve hours after infection, only OBP-401 infection
at an MOI of 100 had induced GFP expression in all of the OST
cells. Twenty-four hours after infection, OBP-401 infection at MOls
of 10 and 100 had induced ectopic GFP expression in all of the
OST cells, whereas OBP-401 infection at an MOI of 1 had induced
GFP expression in about 80% of the OST cells. These results
indicate that OBP-401 infection at an MOI of greater than 10 is
necessary to efficiently detect CAR-positive tumor cells 24 h after
infection. :

To subsequently determine a suitable condition for OBP-401
infection that would exclude CAR-negative tumor cells, the NMFH-1
and OUMS-27 sarcoma cells that do not express CAR were
infected with OBP-401 at MOls of 10 and 100 for 60 h (Figures 1d
and e). NMFH-1 cells expressed GFP at 24 and 48 h after OBP-401
infection at MOls of 100 and 10, respectively. In contrast, OUMS-27
cells exhibited no GFP expression after OBP-401 infection. To
investigate the different GFP expression between these CAR-
negative tumor cells, expression of integrins, avp3 and avp5, was
further examined by flow cytometry. NMFH-1 cells showed
twofold higher expression of integrin avB3 compared with
OUMS-27 cells, whereas avp5 expression was similar in these
cells (Supplementary Figure S1a). These results indicate that
OBP-401 infection at an MOI of 10 for 24 h is a suitable protocol
for distinguishing CAR-negative tumor cells from CAR-positive
tumor cells, when CAR-negative tumor cells express integrin
molecules.

Relationship between OBP-401-induced GFP expression and CAR
expression )

To evaluate whether OBP-401-induced GFP expression correlates
with CAR expression in tumor cells, six human sarcoma cell lines

© 2013 Macmillan Publishers Limited
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(OST, U20S, NOS-10, MNNG/HOS, NMFH-1 and OUMS-27) and
normal human lung fibroblasts (NHLF) cells that have different
levels of CAR expression (Figure 1a and Supplementary Figure
S1b) were infected with OBP-401 at an MOI of 10 for 24 h, and the
GFP-positive cells in each cell type were analyzed under
fluorescence microscopy (Figures 2a and b). OBP-401 infection-
induced GFP expression from 12h after infection and, after 24 h,
more than 40% of all CAR-positive tumor cells (OST, U20S, NOS-10
and MNNG/HOS) were detected as GFP-positive cells. However, no
GFP-positive cells were detected in the CAR-negative tumor cells
(NMFH-1, OUMS-27), or in the normal NHLF cells, 24h after
infection. Furthermore, OBP-401-mediated GFP induction in CAR-
positive tumor cells was suppressed by blocking CAR proteins with
anti-CAR antibody (Supplementary Figure S2). To assess the GFP
expression level in all tumor and normal cells in a more
quantitative manner, we quantified the level of GFP fluorescence
in each cell type 24h after infection using a fluorescence
microplate reader (Figure 2c). We also quantified the level of
CAR expression in these cells by calculating the mean fluores-
cence intensity in flow cytometric analysis (Figure 2d). GFP
fluorescence was detected in CAR-positive tumor cells, but not in
either CAR-negative tumor cells or in CAR-positive normal cells.
There was a significant relationship between the CAR expression
level and the GFP fluorescence level (r=0.885; P=0.019)
(Figure 2e). These results indicate that OBP-401-mediated GFP
expression is highly associated with CAR expression in tumor cells.

Comparison of the potential of OBP-401-mediated GFP induction
and of conventional methods for CAR detection

To estimate the potential of OBP-401-mediated GFP induction for
the detection of CAR-positive tumor cells, we compared the above
protocol using OBP-401 with western blot analysis and immuno-
cytochemistry. CAR expression was detected in OST, U20S and
NOS-10 sarcoma cells, but not in CAR-positive MNNG/HOS
sarcoma cells, using western blot analysis (Supplementary Figure
S3a). In contrast, only OST cells displayed a positive CAR signal
using immunocytochemistry, whereas the CAR signal of the other
three CAR-positive tumor cells was almost as weak as that from
CAR-negative tumor cells (Supplementary Figure S3b). CAR
expression was also not detected in CAR-positive NHLF cells by
either western blot analysis or by immunocytochemistry. These
results suggest that the GFP induction protocol using OBP-401 is
more sensitive for the detection of CAR-positive tumor cells than
conventional methods.

OBP-401-mediated GFP induction was detected in MNNG/HOS
sarcoma cells that expressed a low level of CAR (Figure 2c),
although neither western blot analysis nor immunocytochemistry
detected CAR in these cells (Supplementary Figure S3). Further-
more, although conventional methods may be able to detect high
CAR expression in tumor cells, whether the CAR expression that is
detected by conventional methods is really functional for binding
with Ad5-based vectors still remains unclear. In contrast, as OBP-
401 is an Ad5-based vector that expresses a fluorescent GFP gene,
OBP-401-induced GFP expression directly proves that the CAR that
is expressed is functional for Ad5-based vector binding. Thus, the
OBP-401-mediated GFP induction strategy is a potential diagnos-
tic method that can efficiently and directly assess functional CAR
expression in tumor cells.

OBP-401-mediated GFP induction in xenograft tumor and normal
tissues with different CAR expression

Finally, to investigate the potential of the OBP-401-mediated
method for the detection of CAR expression in tumor and normal
tissues, we used this method to analyze CAR expression of human
xenograft tumor tissues, that do or do not express CAR, as well as
of surrounding normal muscle tissues, which have been previously
shown to lose CAR expression.>® CAR-positive OST sarcoma cells or
CAR-negative OUMS-27 sarcoma cells were inoculated into nude

Gene Therapy (2013) 112-118
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Figure 1. Establishment of a suitable protocol for the detection of CAR expression using OBP-401. (a) The level of CAR expression on

three human sarcoma cell lines (OST, NMFH-1 and OUMS-27) was analyzed using flow cytometry. The cells were incubated with a monoclonal
anti-CAR (RmcB) antibody and the signal was detected using a fluorescent isothiocyanate (FITC)-labeled secondary antibody. The mean
fluorescence intensity (MFI), which is a measure of CAR and integrin expression, was calculated for each cell and is shown at the top right
of each graph. (b) Time-lapse images of OST cells, which displayed the highest CAR expression, were recorded for 24 h after OBP-401 infection
at MOIs of 1 and 10PFU per cell. Representative images taken at the indicated time points and MOIs show cell morphology that was
analyzed using phase-contrast microscopy (top panels) and GFP expression that was analyzed using fluorescence microscopy (bottom panels).
Original magnification: x 80. (c) The percentage of GFP-positive cells was counted in OST cells at the indicated time points after OBP-301
infection at MOls of 1, 10 and 100 PFU per cell. (d) Time-lapse images of non-CAR-expressing OUMS-27 and NMFH-1 cells were recorded
for 60 h after OBP-401 infection at MOls of 10 and 100 PFU per cell. Representative images taken at the indicated time points and MOls

show cell morphology that was analyzed using phase-contrast microscopy (top panels) and GFP expression that was analyzed using
fluorescence microscopy (bottom panels). Original magnification: x 80. (e) The percentage of OUMS-27 and NMFH-1 GFP-positive cells
was counted at the indicated time points after OBP-301 infection at MOIs of 10 and 100 PFU per cell.

mice to develop xenograft tumors. After resection of the OST
tumors, the OUMS-27 tumors and normal muscle tissue, the
tissues were subjected to the protocol for OBP-401-mediated GFP
induction using a three-step procedure (Figure 3a) as follows; step
1: OBP-401 .infection for 24 h, step 2: washing with PBS and step 3:
observation under a fluorescence microscope. As shown in
Figure 3b, OBP-401 infection-induced GFP expression in CAR-
positive OST tumor tissues, but not in CAR-negative OUMS-27
tumor tissues or in normal muscle tissue. These results suggest
that OBP-401-mediated GFP induction is a simple and useful
method for the detection of CAR expression by tumor tissues.
Flow cytometry is a highly sensitive conventional method for
the detection of cell surface CAR expression, which is associated
with the therapeutic efficacy of Ad5-based vectors in tumor

Gene Therapy (2013) 112-118

cells."*2*252° However, as many tumor cells tightly bind to each
other or to normal stromal cells within tumor tissues, the
preparation of single tumor cells is not easy, and therefore flow
cytometry is an inadequate method for the detection of CAR
expression in tumor tissues. In contrast, the preparation of single
tumor cells is not necessary for the OBP-401-mediated GFP
induction protocol. Furthermore, assay of OBP-401-induced GFP
expression was more sensitive than flow cytometry (Figure 2d) in
distinguishing CAR-positive normal cells from CAR-positive tumor
cells (Figure 2c). Thus, the OBP-401-mediated GFP induction
method is a simple and tumor-specific system for the detection of
CAR expression in tumor tissues.

Fluorescent proteins including GFP have great potentials to
visualize tumor cells in real time on the in vivo setting.®’=®

© 2013 Macmillan Publishers Limited



OST

Detection of biomarker for adenovirus therapy
T Sasaki et al

u20Ss NOS-10

MNNG/HOS

Oh 24h

Oh 24h Oh 24h Oh

24h

100 - S
£ 80! ¢
a B
3 .
S 60 :
g A
3 401 m NMFH-1 OUMS-27 NHLF
o ! 3 oh 24h oOh 24h Oh 24h
L E !
0] 20 N A
‘ Rors IR
0 6 12 18 24
Time after infection (h)
c 4000 - d 350, 350 -
@
= 3001
5 c 300 .
= 250 -
8 2 5 2501 .
Q 4 1]
2 o 200 2 2001
3 & 150 | g
= o @ 150
2 & 1001 T ,
= S 1007 o P=0.019
o 50 =0.
T 50+, r=0.885
[V
0

0 1000 2000 3000 4000
Relative fluorescent units (RFU)

Figure 2. In vitro CAR-dependent GFP expression induced by OBP-401 infection. (a) The percentage of GFP-positive cells in all tumor and
normal cells was counted at the indicated time points after OBP-301 infection at an MO! of 10 PFU per cell. (b) Time-lapse images of all tumor
and normal cells were recorded for 24 h after infection with OBP-401 at an MOI of 10 PFU per cell. Representative images taken at the
indicated time points show cell morphology that was analyzed using phase-contrast microscopy (top panels) and GFP expression that was
analyzed using fluorescence microscopy (bottom panels). Original magnification: x 80. (¢) Quantitative assessment of the level of GFP
fluorescence in all tumor and normal cells 24 after OBP-401 infection at an MOI of 10 PFU per cell, using a fluorescent microplate reader with
excitation/emission at 485 nm/528 nm. The intensity of GFP fluorescence was evaluated based on the brightness determinations used as
relative fluorescence units (RFU). (d) The mean fluorescent intensity (MF1) of (CAR) expression on human sarcoma cells and normal fibroblasts.
The cells were incubated with a monoclonal anti-CAR (RmcB) antibody, followed by a FITC-labeled secondary antibody, and were analyzed
using flow cytometry. (e) Relationship between the level of GFP fluorescence and CAR expression in all tumor and normal cells after OBP-401
infection. The slope represents the inverse correlation between these two factors. Statistical significance was determined as P<0.05, after

analysis of Pearson’s correlation coefficient.

We previously reported that OBP-401 can efficiently induce GFP
expression in small populations of metastatic tumor cells at
various regions in vivo.*?~3% In this study, we further demonstrated
that OBP-401-mediated GFP expression provides us the important
information for detection of CAR-positive tumor cells. OBP-401
with hTERT gene promoter-induced GFP expression in CAR-
positive tumor cells with telomerase activity, but not CAR-positive
normal cells without telomerase activity (Figure 2c). There was
significant relationship between the CAR expression and the GFP
expression in tumor cells (Figure 2d). Among the four CAR-positive
tumor cells, U20S cells showed low GFP expression compared
with high CAR expression (Figure 1a and 2c). As we recently
reported that U20S cells showed low hTERT mRNA expression, the
low activity of hTERT gene promoter in tumor cells would affect
OBP-401-mediated GFP expression. However, as various types of
human cancer cells frequently show high telomerase activities,>
OBP-401-mediated GFP induction system would be widely useful
method to evaluate CAR expression in tumor celis.

© 2013 Macmillan Publishers Limited

Previous reports have suggested that ex vivo infection of human
cancer specimens with a GFP-expressing replication-deficient
adenovirus*® or a replication-selective oncolytic adenovirus*' is a
useful method for assessment of the transduction efficacy or
cytopathic activity, respectively, of Ad5-based vectors in individual
tumor tissues. In this study, we confirmed that the GFP-expressing
telomerase-specific oncolytic adenovirus OBP-401 is useful for
detection of CAR-positive tumor tissues through induction of GFP
expression (Figure 3b). Interestingly, OBP-401-infected OST tumor
tissues showed heterogenous GFP expression (Figure 3b),
although GFP expression was induced in all OBP-401-infected
OST cells in vitro (Figure 2b). Our finding of heterogenous GFP
expression in tumor tissues, which indicates heterogenous CAR
expression, is consistent with a previously reported heterogeneity
in CAR expression.*? As several factors such as hypoxia®® and cell
cycle status** have been suggested to affect CAR expression in
tumor cells, factors in the tumor microenvironment may be
involved in the heterogenous CAR expression in tumor cells.
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Figure 3. A simple method for detection of CAR expression in tumor
tissues using OBP-401 infection. (@) Outline of the 3-step procedure;
step 1: infection with OBP-401, step 2: washing with PBS and

step 3: observation under a fluorescence microscope. Tumor tissues
{2 x 2 x 2mm?) were infected with OBP-401 at a concentration of
2.4 x 10°PFU for 24 h, were washed with PBS and were observed
using fluorescence microscopy. (b) Assessment of GFP expression in
the CAR-positive OST tumor (left panel), the CAR-negative OUMS-27
tumor (middle panel) and normal muscle tissues (right panel) under
a fluorescence microscope. Original magnification: x 30.

Furthermore, as OBP-401 induces tumor-specific GFP expression,
normal stromal or epithelial cells may be involved in hetero-
genous GFP expression in tumor tissues.

In conclusion, we have demonstrated that the GFP-expressing
telomerase-specific replication-competent adenovirus OBP-401
is a promising fluorescence imaging tool for the detection
of functional and tumor-specific CAR expression in tumor
tissues. OBP-401-mediated GFP induction is a simple and highly
sensitive method for analysis of tumor cells compared with
conventional methods. This novel CAR detection system using
OBP-401 has the potential of being widely applicable to
assessment of predictive biomarkers for Ad5-based vector-
mediated anticancer therapy.

MATERIALS AND METHODS

Cell fines

The human osteosarcoma cell fine OST was kindly provided by Dr Satoru
Kyo (Kanazawa University, Ishikawa, Japan). The human osteosarcoma cell
line U20S and the transformed embryonic kidney cell line 293 were
obtained from the American Type Culture Collection (ATCC; Manassas, VA,
USA). The human osteosarcoma cell line NOS-10* and the human
malignant fibrous histiocytoma cell line NMFH-1"® were kindly provided by
Dr Hiroyuki Kawashima (Niigata University, Niigata, Japan). The human
osteosarcoma cell line MNNG/HOS was purchased from DS Pharma
Biomedical (Osaka, Japan). The chondrosarcoma cell line OUMS-27 was
previously established in our laboratory.”” The normal human lung
fibroblast cell line NHLF was obtained from TaKaRa Biomedicals (Kyoto,
Japan). These cells were propagated as monolayer cultures in the medium
recommended by the manufacturer. All media were supplemented with
10% heat-inactivated fetal bovine serum, 100unitsml™' penicillin and
100pgml ' streptomycin. The cells were maintained at 37°C in a
humidified atmosphere containing 5% CO,.

Recombinant adenoviruses

We previously generated and characterized OBP-401, which is a
telomerase-specific replication-competent adenovirus variant, in which
the hTERT promoter element drives the expression of E1A and E1B genes
that are linked to an internal ribosome entry site, and in which the GFP
gene is inserted into the E3 region under a cytomegalovirus promoter.3%?*
The virus was purified by ultracentrifugation using cesium chloride step
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gradients. Viral titers were determined by a plaque-forming assay using
293 cells and viruses were stored at —80 °C.

Flow cytometry

The cells (5 x 10° cells) were labeled with the mouse monoclonal anti-CAR
(RmcB; Upstate Biotechnology, Lake Placid, NY, USA) antibody for 30 min at
4°C. The cells were then incubated with fluorescent isothiocyanate-
conjugated rabbit anti-mouse 1gG second antibody (Zymed Laboratories,
San Francisco, CA, USA) and were analyzed using flow cytometry (FACS
Array; Becton Dickinson, Mountain View, CA, USA). The mean fluorescence
intensity of CAR for each cell line was determined by calculating the
differences between the mean fluorescence intensity in antibody-treated
and non-treated cells in triplicate experiments.

Time-lapse confocal laser microscopy

The cells (1 x 10° cells per dish) were seeded in 35 mm glass-based dishes
20 h before virus infection. OST cells were infected with OBP-401 at an MOI
of 1, 10 or 100PFU per cell for 24h. NMFH-1 and OUMS-27 cells were
infected with OBP-401 at an MOI of 10 or 100 PFU per cell for 60 h. Other
cells were infected with OBP-401 at an MOI of 10 PFU per cell for 24 h.
Phase-contrast and fluorescence time-lapse recordings were obtained to
concomitantly analyze cell morphology and GFP expression using an
inverted FV10i confocal laser scanning microscopy (OLYMPUS; Tokyo,
Japan). Photographic images were taken every 5min. The percentage of
GFP-positive cells in each field was calculated using the formula: the
number of CAR-positive cells / the total number of CAR-positive and CAR-
negative cells x 100.

Fluorescence microplate assay

The cells (5 x 10° cells per well) were seeded on 96-well black bottomed
culture plates and were incubated for 20 h before virus infection. The cells
were infected with OBP-401 at an MOI of 10 for 24h. The level of
expression of GFP fluorescence was measured using a fluorescent
microplate reader (DS Pharma Biomedical; Osaka, Japan) with excitation/
emission at 485 nm/528 nm. The mean expression of GFP fluorescence in
each cell was calculated in triplicate experiments, as previously reported.>*

Animal experiments

Animal experimental protocols were approved by the Ethics Review
Committee for Animal Experimentation of Okayama University School of
Medicine. OST and OUMS-27 cells (5 x 10° cells per site)} were inoculated
into the flank of female athymic nude mice aged 6 to 7 weeks (Charles
River Laboratories, Wilmington, MA, USA). Palpable tumors developed
within 14 to 21 days and were permitted to grow to ~5 to 6 mm in
diameter. At that stage, tumor and normal muscle tissues were resected.
The tumor and normal tissues (2 x 2 x 2mm>) were placed in 96-well plates
with culture medium. As single tumor cell is about 10 um in diameter, we
considered that there are 2.4 x 10° cells on the surface area of each sample
tissue. Then, we infected each sample tissue with 2.4 x 10° PFU (10MOI per
sample) of OBP-401 for 24 h. After washing with PBS, tumor and normal
tissues were again placed in 96-well plates with culture medium and
analyzed using an inverted fluorescence microscope (OLYMPUS).

Statistical analysis

Data are expressed as means * s.d. Student’s t-test was used to compare
differences between groups. Pearson’s product-moment correlation
coefficients were calculated using PASW statistics software version 18
(SPSS Inc,, Chicago, IL, USA). Statistical significance was defined as when
the P value was less than 0.05.

ABBREVIATIONS

Ad5, Adenovirus serotype 5; CAR, coxsackie and adenovirus
receptor; GFP, green fluorescent protein; RT-PCR, reverse
transcription-polymerase chain reaction; hTERT, human telo-
merase reverse transcriptase; MOI, multiplicity of infection;
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