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Objective: Systemic chemotherapy is an important treatment modality for metastatic hepato-
cellular carcinoma (HCC); however, the predictive factors of outcome and tumor response
have not been fully investigated. The aim of this study was to identify factors that could be
used to predict outcome and tumor response to systemic chemotherapy in patients with meta-
static HCC.

Methods: We retrospectively examined 82 consecutive patients with metastatic HCC under-
going systemic chemotherapy to investigate factors associated with outcome and tumor
response. The patients underwent 5-fluorouracil, mitoxantrone and cisplatin (FMP) therapy.
Results: The overall objective response rate was 22% (95% confidence interval, 14-32), and
the median survival time and 1-year survival for all patients were 11.2 months and 43.5%,
respectively. Multivariate analysis demonstrated that the absence of radiologically active intra-
hepatic disease (P = 0.02) and ascites (P = 0.002) was independent favorable prognostic
factors. Although multivariate analysis revealed no significant predictive factors of tumor
response, the response rates in patients without radiologically active intrahepatic disease
(response rate, 46%) tended to be higher than those in patients with active intrahepatic
disease (response rate, 17%) (P = 0.05).

Conclusion: Patients with metastatic HCC, who had sufficient hepatic function and no radi-
ologically active intrahepatic disease, might be good candidates for systemic chemotherapy.

Key words: hepatocellular carcinoma — prognostic factor — tumor response — chemotherapy —
metastasis

INTRODUCTION

with a single agent failed to show any overall survival advan-

The prognosis of patients with advanced hepatocellular
carcinoma (HCC) remains poor, particularly for those with
extrahepatic metastases (1). For patients with extrahepatic
disease, systemic chemotherapy is one of the most important
treatment modalities (2—6), but it has only limited value in
clinical practice. Various clinical trials conducted after 1980s
using different single agents reported overall response rates
of 0—20%. Combination chemotherapy with cytotoxic agents
yields higher response rates (2—7); however, a randomized
controlled study comparing a promising combination therapy
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tage (8). Recently, attention has focussed on molecularly
targeted agents for the treatment of advanced HCC, because
they have been reported to offer some degree of success for
the treatment of challenging cancers like renal cell carcinoma
(6,9,10). Among them, sorafenib, which is an oral multiki-
nase inhibitor targeting Raf kinase and receptor tyrosine
kinases, has been reported to confer an overall survival
advantage of 12 weeks, with manageable toxicity, in
comparison with placebo in a Phase III trial (11). These
encouraging results suggest that sorafenib promise as a
standard treatment for patients with advanced HCC.
Recently, combination therapy using sorafenib with cytotoxic
agents or other newly developed molecularly targeted agents
have been tested for the activity against HCC (6,10).

© The Author (2008). Published by Oxford University Press. All rights reserved.



676 Predictive factors of chemotherapy for HCC

Analysis of predictive factors of outcome and tumor
response can suggest the appropriate candidates for sys-
temic chemotherapy. Although those in patients with
advanced HCC, not limited to metastatic disease, have
often been reported (12—18), these factors have not been
investigated in patients with metastatic HCC receiving sys-
temic chemotherapy. Since there may be some differences
in predictive factors of outcome and tumor response
between the patients with metastatic HCC alone and those
with advanced HCC partially, including metastatic disease,
the present study was conducted to evaluate a number of
variables that may affect survival and tumor response in
patients with metastatic HCC alone treated by systemic che-
motherapy. To our knowledge, this is the first report con-
cerning predictive factors of outcome and tumor response
in patients with metastatic HCC alone receiving systemic
chemotherapy.

PATIENTS AND METHODS

PATIENTS

The study subjects were 82 consecutive patients with meta-
static HCC for whom surgical resection was not indicated,
and who underwent continuous infusion of 5-fluorouracil,
mitoxantrone and cisplatin (FMP therapy) between
September 1993 and January 2005 at the National Cancer
Center Hospital, Tokyo, Japan (Table 1). The FMP therapy
has been reported to show promising anti-tumor activity
(response rate: 27%, median survival time: 11.6 months) with
tolerable toxicity in a Phase II trial (19). HCC was diagnosed
on the basis of histological examination or distinctive findings
of computed tomography (CT) and/or angiography, along
with the elevated levels of serum alpha-fetoprotein (AFP) or
protein induced by vitamin K absence or antagonist-II
(PIVKA 1I). Pretreatment evaluation included a complete
medical history and a physical examination. The laboratory
procedures included a complete differential blood count, bio-
chemistry tests, viral markers including serum hepatitis B
surface antigen and serum hepatitis C antibody, urinalysis and
tumor markers including serum levels of AFP and PIVKA 1L
All patients underwent electrocardiography, chest radiography
and CT/magnetic resonance imaging within 4 weeks before
chemotherapy. Written informed consent was obtained from
all patients before treatment.

TREATMENT SCHEDULE

All patients received systemic chemotherapy using the FMP
regimen as follows: 5-fluorouracil, mitoxantrone and cispla-
tin were given as a continuous intravenous infusion at a
dose of 450 mg/m? on Days 1—5, 6 mg/m? on Day 1 and
80 mg/m? over a 2-h period on Day 1, respectively, with
standard hydration. If there was no evidence of tumor pro-
gression or unacceptable toxicity with dose adjustments
based on the toxic effects observed, the treatment was

Table 1. Patient characteristics

Number of patients (%)

Age (years)

Median (range) 61 (34-74)
Gender

Male 76 (93)

Female 6(7)
Performance status

0 72 (88)

1-2 10 (12)
History of blood transfusion

Present 18 (22)
Alcohol abuse®

Present 15 (18)
Smoking habit”

Present 39 (48)
Hepatitis B surface antigen

Positive 33 (40)
Hepatitis C virus antibody

Positive 43 (52)
Prior treatment

Hepatic resection 53 (65)

Local ablation 18 (22)

Transcatheter arterial chemoembolization 50 (61)

None 13 (16)
Organs affected by metastases

Lung 55 (67)

Lymph nodes 38 (46)

Bone 11 (13)

Adrenal gland 5(6)
Child-Pugh class

A 65 (79)

B 17 21)
Radiologically active intrahepatic disease

Absent 13(16)
Portal vein fumor thrombosis

Present 14 (17)

Alpha-fetoprotein (ng/dl)
Median (range}

PIVKA II (mAU/mI)
Median (range}

261 (3—959 300)

860 (10—418 000)

PIVKA 1I, protein induced by vitamin K absence or antagonist-II. “Alcohol
intake of >80 g/day x 5 years, "Smoking habit of >20 cigarettes/day for
>10 years.

repeated every 4 weeks until a maximum of six courses were
achieved. The patients who were refractory to this regimen



were allowed to undergo other anticancer treatments at their
physician’s discretion.

FACTORS ANALYZED

Pretreatment clinical variables were evaluated for their
relationship to the survival and tumor response by univari-
ate and multivariate analyses. The pretreatment variables
were chosen by considering possible effects on the progno-
sis and tumor response as indicated by previous investi-
gations (2—6,12—18) or suggested from our own clinical
experience. Each variable, which was classified as host- or
tumor-related, was divided into two subgroups in accord-
ance with clinically meaningful values as given in Table 2.
No radiologically active intrahepatic disease was defined as
complete tumor necrosis and no residual lesion in the
entire liver as a result of prior local therapy on contrast-
enhanced CT or magnetic resonance imaging before FMP
therapy.

Overall survival was measured from the date of initial
treatment to the date of death or last follow-up. The objec-
tive tumor response was assessed by CT or magnetic reson-
ance imaging every 4 weeks after the start of FMP therapy.
Response was evaluated according to the World Health
Organization guidelines. The best overall response was
recorded for each patient. Bone metastases were not regarded
as measurable lesions,

STATISTICAL ANALYSES

Survival curves were calculated by the Kaplan—Meier
method, and the differences in survival were evaluated by
log-rank test. The Cox proportional hazard model was used
to determine the most significant variables related to survi-
val. Differences in response rate were evaluated by the
chi-squared test as univariate analyses. The logistic
regression model was used to determine the most significant
variables related to tumor response. In the multivariate ana-
lyses, all variables considered in univariate analysis were
entered, and variable selection was not conducted. Statistical
analyses were performed using SPSS 11.0J (SPSS Inc.
Chicago, IL, USA). All P values presented in this report are
of the two-tailed type. Differences at P < (.05 were con-
sidered significant.

RESULTS
PATIENT CHARACTERISTICS

The characteristics of all 82 patients are given in Table 1.
The diagnosis of HCC was made on the basis of either histo-
logical examination (71 patients, 87%}) or distinctive findings
of CT and/or angiography with elevated serum levels of AFP
or PIVKA II (11 patients, 13%). Prior treatments included
hepatic resection in 53 patients (65%), local ablative therapy
in 18 (22%), transcatheter arterial chemoembolization in 50
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(61%) and no treatment in 13 (16%). Thirteen patients
(16%) had been judged as having no active intrahepatic
disease radiologically by two radiologists, and their prior
treatments for the primary tumor had been hepatic resection
in 12 patients, radiofrequency ablation therapy in one, percu-
taneous ethanol injection in one and transcatheter arterial
chemoembolization in two. The median period between the
latest prior treatment and the start of FMP therapy was 4.1
(range: 1.1-51.7) months. The median number of courses of
FMP therapy was 2 (range: 1—6).

SurvIvaL AND TUMOR RESPONSE

The median survival time, 1-year survival proportion and
median progression-free survival in all 82 patients were 11.2
months, 43.5%, 3.2 months, respectively (Fig. 1). At the
time of analysis, 70 patients had died, and the causes of
death were tumor progression and/or hepatic decompensation
(65 patients), rupture of esophageal varices (one patient),
cerebral bleeding from brain metastasis (three patients) and
treatment-related death (one patient).

Eighty-one patients were evaluable for response; the
remaining one patient could not be evaluated because of
treatment-related death on Day 22 of the first course of
FMP therapy. Although no patient achieved a complete
response, 18 patients achieved a partial response, giving an
overall response rate of 22% (95% confidence interval,
14—32). Forty-two patients (51%) showed no change and
the remaining 21 patients (26%) had progressive disease.
The median survivals of the patients with partial response,
no change and progressive disease were 22.3, 11.9 and 5.5
months, respectively (P < 0.01). After this chemotherapy,
two partial responders underwent surgical resection for
residual HCC lesions in the lung and liver, respectively.
These resections were successful and both patients achieved
complete clinical remission after surgery, and one of both
has survived with no recurrence over 7.5 years although
the remaining had died of hepatic failure 3 months after
resection.

ProGNosTIC FACTORS

Median survival times, hazard ratios and P values of survi-
val time for univariate analysis are given in Table 2. Among
host-related factors, absence of ascites and an alkaline phos-
phatase level of <333 U/l were significantly associated with
longer survival times. Among tumor-related factors, absence
of lymph node metastasis and active intrahepatic disease was
significantly associated with longer survival times. The
results of multivariate analysis are given in Table 3. Absence
of active intrahepatic disease and ascites was shown by
multivariate analysis to be significantly favorable prognostic
factors. The overall survival of patients without active intra-
hepatic disease (median: 22.3 months) was significantly
better than that of patients with active intrahepatic disease
{median: 10.6 months) (Fig. 2). The overall survival of
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Table 2. Predictive factors of outcome and tumor response to FMP therapy for metastatic HCC

Number of patients Median survival Hazard ratio (95% CI) P value* Response (%) P value
survival (months)
Host-related variables

Age (years)

>65 21 2.1 14.2

<65 61 12.1 0.69 (0.40-1.19) 0.18 24.5 0.50
Gender

Male 76 11.7 21.0

Female 6 7.3 2.15 (0.91-5.09) 0.07 333 0.85
Performance status

0 72 11.2 227

1-2 10 6.9 0.93 (0.46—1.89) 0.84 20.0 0.99
Alcohol abuse®

Present 15 12.1 200

Absent 67 10.5 1.06 (0.59—1.90) 0.86 224 0.99
Smoking habit®

Present 39 12.1 17.9

Absent 43 9.8 1.30 (0.81-2.10) 0.27 256 0.57
Blood transfusion

Present 18 14.8 278

Absent 64 10.0 1.66 (0.92—3.00) 0.09 203 0.72
Hepatitis B surface antigen

Negative 49 11.8 20.4

Positive 33 9.8 1.17 (0.72—-1.91) 0.52 242 0.89
Hepatitis C virus antibody

Negative 39 10.5 25.6

Positive 43 12.1 0.84 (0.52—1.35) 0.47 18.6 0.62
Ascites

Present 4 2.0 250

Absent 78 11.7 0.17 (0.06—0.48) 0.0002 21.8 0.99
White blood cells x 10° (fmm?)

>4.0 67 11.5 209

<4.0 15 9.1 1.21 (0.64—2.26) 0.56 26.7 0.89
Hemoglobin (g/dl)

>11 77 11.2 20.8

<11 5 9.3 1.07 (0.39-2.96) 0.90 40.0 0.65
Platelets x 10* (/mm?)

>10 69 11.5 24.6

<10 13 9.9 1.17 (0.63—2.20) 0.62 7.7 0.32
Total bilirubin (mg/dl)

>1.0 18 10.0 11.1

<1.0 64 11.5 0.73 (0.42—-1.28) 0.27 25.0 0.35
Albumin (g/dl}

>35 52 10.6 23.1

<35 30 11.7 0.99 (0.60—1.62) 0.96 20.0 0.96

Continued
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Table 2. Continued

Number of patients Median survival Hazard ratio (95% CI) P value* Response (%) P value
survival {months)

Aspartate aminotransferase (U/1)

>82 18 8.1 11.1

<82 64 11.7 0.76 (0.44—1.34) 0.35 25.0 0.35
Alanine aminotransferase (U/1)

>70 16 11.5 0.0

<70 66 10.6 1.19 (0.65-2.19) 0.57 273 0.13
Alkaline phosphatase (U/1)

>333 32 9.4 125

<333 50 10.1 0.59 (0.36—0.97) 0.03 28.0 0.17
Prothrombin time (%)

>80 31 11.7 225

<80 44 10.0 0.81 (0.49—-1.35) 0.42 20.5 0.99
Prior treatments

Absent 13 11.7 333

Present 69 11.2 0.78 (0.41—1.48) 0.44 20.0 0.51

Tumor-related variables

Metastatic site

Lung
Absent 27 9.9 18.5
Present 55 11.4 0.78 (0.47—1.30) 0.34 23.6 0.81
Lymph node
Absent 44 12.1 25.0
Present 38 9.8 1.71 (1.05-2.77) 0.03 18.4 0.65
Bone
Absent 71 11.1 20.2
Present 1t 147 0.77 (0.38—1.55) 0.46 36.4 0.40
Adrenal gland
Absent 77 10.6 23.4
Present 5 11.8 1.60 (0.64—4.04) 0.31 0.0 0.51
Radiologically active intrahepatic disease
Absent 13 223 46.1
Present 69 10.6 243 (1.17-5.03) 0.01 17.4 0.05
Portal vein tumor thrombosis
Absent 68 11.7 22.1
Present 14 10.0 1.49 (0.80—-2.80) 0.21 21.4 0.99
Alpha-fetoprotein (ng/dl)
>1000 32 8.1 18.8
<1000 50 12.1 0.76 (0.47—-1.24) 0.27 24.0 0.77
PIVKA II (mAU/ml)
>1000 38 11.7 26.3
<1000 40 11.2 1.24 (0.76—2.02) 0.40 17.5 0.94

HCC, hepatocellular carcinoma; FMP therapy, combination therapy of 5-fluorouracil, mitoxantrone and cisplatin; CI, confidence interval, —; reference
category. *Log-rank test. “Alcohol intake of >80 g/day x 5 years, ®Smoking habit of >20 cigarettes/day for >10 years.
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Figure 1. Overall survival and progression free survival curves of 82
patients who received 5-fluorouracil, mitoxantrone and cisplatin (FMP)
therapy for metastatic hepatocellular carcinoma (HCC).

Table 3. Significant prognostic factors determined by multivariate analysis
with the Cox proportional hazard model

Variable Hazard ratio P
(95% CI) value

Radiologically active 0.42 (0.21-0.89) 0.02

intrahepatic disease (—)

Ascites (—) 0.195 (0.07—0.54) 0.002

patients without ascites (median: 11.7 months) was signifi-
cantly better than that of patients with ascites (median: 2.0
months) (Fig. 3).

PrepicTIVE FACTORS OF TUMOR RESPONSE

The response rates of the two subgroups for each variable
are given in Table 2. Univariate and multivariate analyses
revealed no significant predictive factors of tumor response.
However, the response rates in patients without active

Survival proportion (%)
100

50
Hepatic viable lesion {(~)
" Hepatic viable lesion (+}
T T T T T T T T T T T T
0 1 2 3 4 5
Years after treatments

Figure 2. Comparison of overall survival in patients with metastatic HCC
receiving FMP therapy with and without radiologically active intrahepatic
disease.
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Figure 3. Comparison of overall survival in patients with metastatic HCC
with and without ascites receiving FMP therapy.

intrahepatic disease in the liver (response rate, 46%) tended
to be higher than those in patients with active intrahepatic
disease (response rate, 17%) (P = 0.05).

DISCUSSION

Systemic chemotherapy for metastatic HCC is an important
treatment modality (2—6), especially in view of the verified
survival benefit of sorafenib (10,11). In this Phase III trial
comparing sorafenib with placebo for advanced HCC (11),
the rate of response to sorafenib was low (complete
response: 0%, partial response: 2.3%), but the time-to-
progression and overall survival were significantly longer for
sorafenib than for placebo (median time-to-progression: 24.0
versus 12.3 weeks, hazard ratio 0.69, P = 0.000007, overall
median survival: 46.3 versus 34.4 weeks, hazard ratio 0.58,
P =0.00058). Sorafenib is the first agent that has been
proven to confer a survival benefit, and to show promise as a
standard treatment, for patients with advanced HCC (10). To
improve the treatment efficacy, development of further regi-
mens of systemic chemotherapy, such as combination
therapy comprising sorafenib and cytotoxic agents or other
molecularly targeted agents, remains challenging.

In this study, to clarify the appropriate candidates for sys-
temic chemotherapy, analysis of predictive outcomes and
tumor response was conducted in patients with metastatic
HCC receiving systemic chemotherapy. The study subjects
were patients with metastatic HCC receiving FMP therapy,
which has been shown in a Phase II trial to have promising
anti-tumor activity (response rate: 27%, median survival
time: 11.6 months) with tolerable toxicity for metastatic
HCC (19). This regimen consists of three kinds of cytotoxic
agents, not molecularly targeted agents like sorafenib. There
were some differences between conventional cytotoxic che-
motherapy and molecularly targeted agents. First, the tumor
responses to conventional cytotoxic chemotherapy were
greater than for molecularly targeted agents. Secondly, the
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toxicities of conventional cytotoxic chemotherapy, especially
hematological and hepatic toxicities, were more severe and
difficult to manage than those of molecularly targeted
agents. Thirdly, some conventional cytotoxic regimens need
to be administered on an inpatient basis with standard
hydration. However, many molecularly targeted agents are
orally active and can be taken by patients on an outpatient
basis. Therefore, there may be some differences in predictive
outcome and tumor response between combination therapy
comprising cytotoxic agents alone and therapy that includes
molecularly targeted agents. Recently, trials of combinations
of cytotoxic and molecularly targeted agents have been
reported increasingly (10), and it would be worthwhile to
analyze the predictive outcomes and tumor response in these
subjects.

Multivariate analysis of prognostic factors in this study
showed that absence of ascites and radiologically active
intrahepatic disease was independent favorable factors.
Presence of ascites is one of the most important factors to
consider when evaluating hepatic reserve, being included in
the Okuda staging system (20) and Child-Pugh classification
(21) and has been shown to be a prognostic factor in pre-
vious studies of patients with advanced HCC (3,12,18).
Although patients with massive or moderate ascites were not
included in the present study, the outcome for patients with
even a small amount of ascites was extremely poor, with a
median survival of only 2.0 months. In such patients with
impaired hepatic reserve, the toxicity of chemotherapy might
outweigh its benefits.

There were some possible reasons why patients without
active intrahepatic disease showed better survival than those
with active intrahepatic disease. First, those without active
intrahepatic disease might have a lower risk of hepatic failure
due to progression of the intrahepatic tumor compared with
those with active intrahepatic disease. Second, they might
have a smaller tumor burden than those with active intrahepa-
tic disease. A smaller tumor burden has been reported to be a
favorable, independent prognostic indicator for advanced
HCC (3,12,18). Finally, they might obtain a better tumor
shrinkage effect of FMP therapy compared with patients with
active intrahepatic disease, and this in turn might result in
longer survival. Therefore, we also analyzed the predictive
factors of tumor response to identify patients who might
obtain a tumor response to FMP therapy. In patients receiving
conventional cytotoxic agents/regimens like FMP therapy, it
is important to predict the tumor response, because patients
who achieve tumor shrinkage may show prolonged survival
and improvement of clinical symptoms, such as tumor-related
pain, and their general condition.

Among the variables investigated, the response rates in
patients without active intrahepatic disease tended to be
higher than those in patients with active intrahepatic disease,
although the differences did not reach significance in uni-
variate and multivariate analyses. The response rates in the
patients with active intrahepatic disease were also analyzed,
but no specific findings were obtained (data not shown). The
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precise reasons why patients without active intrahepatic
disease obtained a better tumor response than those with
such lesions remain unknown. There were no differences in
patient characteristics, such as performance status, hepatic
function, tumor burden outside the liver and tumor markers,
between patients with and without active intrahepatic
disease. The limited tumor heterogeneity in this population
might have been a factor: heterogeneity of HCC has been
reported to be closely related to chemoresistance (2—
6,10,22). Yang et al. (18) have also reported a better
response in patients with distant metastases than in those
without, the difference perhaps suggesting heterogeneity of
intrahepatic HCC. The limited heterogeneity in patients
without active intrahepatic disease might result in a better
response to FMP therapy. From these analyses of predictive
factors of outcome and tumor response in patients with
metastatic HCC receiving systemic chemotherapy, the best
candidates were considered to be patients without ascites and
active intrahepatic disease, although it may be considered
that the results merely reflect the patients’ conditions classi-
fied according to outcome. In such patients, FMP therapy
resulted in favorable survival (median: 22.3 months) and
tumor response (46%), although such patients comprised a
very small population (only 16% in this study). These
factors need to be considered in future clinical trials, includ-
ing randomized trials, for patients with advanced HCC.

In conclusion, patients with metastatic HCC who have suf-
ficient hepatic function and no active intrahepatic disease
might be good candidates for systemic chemotherapy. This
analysis may be helpful for predicting life expectancy and
tumor response, determining treatment strategies and design-
ing future clinical trials, including randomized trials for
patients with advanced HCC.
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Activation of Antigen-Specific Cytotoxic T Lymphocytes by
B,-Microglobulin or TAP1 Gene Disruption and the
Introduction of Recipient-Matched MHC Class I Gene in
Allogeneic Embryonic Stem Cell-Derived Dendritic Cells’

Yusuke Matsunaga,* Daiki Fukuma,™ Shinya Hirata,* Satoshi Fukushima,*® Miwa Haruta,**
Tokunori Ikeda,** Tzumi Negishi, Yasuharu Nishimura,* and Satoru Senju®**

A method for the genetic modification of dendritic cells (DC) was previously established based on the in vitro differentiation of
embryonic stem (ES) cells to DC (ES-DC). The unavailability of human ES cells genetically identical to the patients will be a
problem in the future clinical application of this technology. This study attempted to establish a strategy to overcome this issue.
The TAP1 or B8,-microglobulin (,m) gene was disrupted in 129 (H-2P)-derived ES cells and then expression vectors for the H-2K“
or B,m-linked form of K* (82m-K*) were introduced, thus resulting in two types of genetically engineered ES-DC, TAP1~/~/K?
ES-DC and B,m~'~/B,m-K® ES-DC. As intended, both of the transfectant ES-DC expressed K but not the intrinsic H-2"
haplotype-derived MHC class I. B,m™’~/g,m-K? and TAP1~'~/K® ES-DC were not recognized by pre-activated H-2-reactive
CTL and did not prime H-2" reactive CTL in vitro or in vivo. 8,m~'~/B,m-K* ES-DC and TAP1~/~/K* ES-DC had a survival
advantage in comparison to 8,m*’~/8,m-K® ES-DC and TAP1*/*/K* ES-DC, when transferred into BALB/c mice. K9-restricted
RSV-M2-derived peptide-loaded ES-DC could prime the epitope-specific CTL upon injection into the BALB/c mice, irrespective
of the cell surface expression of intrinsic H-2" haplotype-encoded MHC class L. B,m~'~/B,m-K* ES-DC were significantly more
efficient in eliciting immunity against RSV M2 protein-expressing tumor cells than B,m*'~/B,m-K* ES-DC. The modification of
the 8,m or TAP gene may therefore be an effective strategy to resolve the problem of HLA class I allele mismatch between human

ES or induced pluripotent stem cells and the recipients to be treated. The Journal of Immunology, 2008, 181: 6635-6643.

n efficient means for the activation of the CTL reactive
to tumor Ags is crucial for T cell-mediated antitumor
immunotherapy (1). Dendritic cells (DC)* are potent T
cell stimulators and cellular vaccination using Ag-loaded DC has
proven to be an efficient means for priming CTL specific to Ags (2,
3). This laboratory and others have established methods to gener-
ate DC from mouse and human embryonic stem (ES) cells (4—-8).
The capacity of ES cell-derived DC (ES-DC or esDC) to simulate
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alloreactive T cells and to prime Ag-specific CTL is comparable to
that of conventional bone marrow-derived DC (BM-DC). Genet-
ically modified ES-DC can be readily generated by introducing
expression vectors into ES cells and the subsequent induction of
their differentiation into ES-DC (9). The transfection of ES cells
can be done by electroporation with plasmid vectors and the use of
virus-based vectors is not necessary. Once an ES cell clone with
proper genetic modification is established, it then serves as an in-
finite source for genetically modified DC. Mouse models have
demonstrated that vaccination with genetically engineered ES-DC
expressing tumor Ags (10) and T cell-attracting chemokines (11) is
very effective for the induction of antitumor immunity.

In the future, the clinical application of ES-DC technology will
require a solution to the problem of histoincompatibility between
patients to be treated and the ES-DC. Specifically, the HLA allele
mismatch may cause a rapid immune response and rejection of the
inoculated cells (12), although a discrepancy in the minor histo-
compatibility Ag can also be a cause of alloreaction (13). The
present study addressed this problem by using the strategy of mod-
ification of the genes that control the cell surface expression of
MHC class I, i.e., B,-microglobulin (8,m) and TAP. TAP1~/~ and
B,m '~ ES cell clones were generated from the ES cell lines de-
rived from the 129 mouse (H-2°) embryo. The expression vectors
for H-2K9 and B,m-linked form of H-2K? (B2m-K") were then
introduced into TAP1™/~ and B,m ™'~ ES cell clones, respec-
tively. Subsequently, these genetically modified ES cells were sub-
jected to a differentiation culture to generate ES-DC. The MHC
class I molecules encoded by the genes in the H-2° haplotype were
either absent or at very low levels on the cell surface of these
genetically modified ES-DC. The effect of the alteration of cell
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shown.

surface expression of MHC class I on activation of alloreactive
(H-2° haplotype-encoded MHC class I-reactive) CTL was ana-
lyzed in both in vitro and in vivo experiments. After loading
ES-DC with the antigenic peptide having a capacity to bind H-2K®
molecule, these ES-DC were transferred into BALB/c mice (H-2¢
haplotype) to determine whether the peptide-specific, H-2K9-re-
stricted CTL could be primed in the recipient mice and whether
Ag-specific antitumor immunity could be induced.

Materials and Methods
Mice

Six- to eight-week-old female BALB/c and 129/Sv (129) mice were pur-
chased from Japan SLC and Clea Japan, respectively. The mice were
housed at the Center for Animal Resources and Development (CARD,
Kumamoto University) under specific pathogen-free conditions. All studies
were performed under the approval of the animal experiment committee of
Kumamoto University.

Peptides and cell lines

The respiratory syncytial virus (RSV) M2, o, epitope (SYIGSINNI) re-
stricted to H-2K? has been described previously (14). H-2K“-restricted
HIV gag protein-derived p24,49_5y; epitope (AMQMLKETI) was used as
an irrelevant control peptide (15). The peptides were commercially syn-
thesized and supplied at >98% purity (Anygen). Murine mastcytoma P815
cells were used as target cells for a >'Cr release assay. A RSV-M2-trans-
duced colon26/luciferase (Luc) cell line (colon26/M2-Luc) was established
by the transfection of murine adenocarcinoma colon26 cells with an influ-
enza virus hemagglutinin (HA)-tagged RSV M2 expression vector (pCAG-
M2- internal ribosomal entry site (IRES)-neo®) and a firefly luciferase
expression vector (pCAG-luc-IRES-puro®) by electroporation. After the
transfection, G418 and puromycin were added to the culture medium for
selection and single clones were obtained by limiting dilution. The expres-
sion of firefly luciferase was verified by measuring the luciferase activity in
the cell lysates as described below. The expression of the HA-RSV-M2
protein in the selected transfectant clones was confirmed by a flow cyto-
metric analysis following intracellular anti-HA staining and also using
ELISA detecting IFN-y-production by M2y, o specific K%-restricted CTL
cocultured with the transfectants.

Generation of TAPI- or B,m-deficient ES cells and
differentiation of DC from ES cells

ES cells were cultured on primary mouse embryonic fibroblast (PEF)
feeder layers in complete ES cell medium, DMEM containing 20% Knock-
Out Serum Replacement (Invitrogen Life Technologies), 2-ME (50 uM),
and mouse leukemia inhibitory factor (1000 U/ml). A B,m*’~ ES cell
clone established from D3 cell line derived from a 129 mouse embryo
(H-2") was a generous gift from Dr. R. Jaenisch (Massachusetts Institute of
Technology, Cambridge, MA) (16). To generate 8,m '~ ES cells, B,m™'~
ES cells (5 X 10° cells/90-mm culture dish) were cultured on feeder layers
of neomycin-resistant PEF derived from GTPBP1~/~ mouse embryos (17)
in ES cell medium containing high dose G418 (1.5-2.0 mg/ml) for 10 days
(18). After a further culture for 7 days without G418, the surviving ES cell
colonies were picked up from the dishes, transferred to 24-well culture
plates, and then expanded. For each isolated ES cell clones, a part of the
expanded cells were cultured in gelatin-coated 6-well plates without PEF
feeders. Genomic DNA extracted from the feeder-free ES cells was used
for genotyping of the B,m locus by genomic PCR and B,m '~ ES clones
were selected. TAP1*/~ ES cells were generated from E14 ES cells de-
rived from 129 mouse embryo (H-2°). E14 cells were transfected with 30
ug of linearized targeting vector by electroporation (19). G418 and gan-
ciclovir were added to the culture medium 24 h after the transfection and
the surviving colonies were isolated during days 7-10 of selection. The
isolated clones were analyzed by PCR and Southern blotting to identify cell
clones with homologous recombination. Subsequently, one of the
TAP1"'~ clones was subjected to selection with high dose of G418 as in
the case of B2m ™'~ ES cells. The clones were expanded and analyzed by
Southern blotting to select TAP1~/~ clones. Expression vectors for H-2K¢
and B,m-linked form of H-2K? (82m-K“) were introduced into TAP1 ™/~
and B,m '~ ES cell clones, respectively. The induction of differentiation of
ES cells into ES-DC was done as described previously (20). On day 17-19
of cultures, the floating or loosely adherent cells were recovered from
culture dishes by pipeting and then were used for the experiments.

PCR

The initial screening of ES cells was done by PCR using the following
primers: the wild type TAP1 allele (5'-ATGGGACACATGCACGGC-3'
and 5'-CCACAGTAGCAGGCTCAG-3'), the mutant TAP1 allele (5'-TG
TAGCTTTGGCTCTTCTGGAA-3' and 5'-GGGCCAGCTCATTCCTC
CACTC-3'), B,m (5'-CCTCAGAAACCCCTCAAATTCAAG-3' and
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5'-GCTTACCCCAGTAGACGGTCTTGG-3"). The set of primers for
B,m was designed to amplify both the wild type and targeted loci.

Southern blot analysis

To analyze the genotype of ES cells, genomic DNA isolated from ES cells
was digested with Xhol and EcoR V. The DNA fragments were separated
by electrophoresis in 0.8% agarose gels. Subsequently, the DNA was trans-
ferred onto nylon membranes. Probes for the Southern blot analysis were
obtained by PCR with sets of primers for TAP1 locus (5'-GACCA
GACTCTGGACAGCTCAC-3' and 5'-AAGGCAAGAGAGAATCAA
GAG-3') from the genomic DNA of ES cells. Labeling of probe DNA with
32p_dCTP was done by using a Megaprime DNA Labeling Kit (GE Health-
care) and the standard Southern blot procedure was conducted.

Abs and flow cytometric analysis

FITC-conjugated anti-H-2K¢ (BD Pharmingen), H-2K" (Caltag Laborato-
ries), and H-2D® (Caltag Laboratories) Abs were purchased from the in-
dicated sources. A flow cytometric analysis was done on a FACScan flow
cytometer (BD Biosciences) and the data analysis was performed using the
CellQuest software program (BD Biosciences).

Preparation of BM-DC

Bone marrow cells prepared from BALB/c or 129 mice were cultured in
RPMI 1640 medium supplemented with 10% FCS, 500 U/ml GM-CSF,
and 50 uM 2-ME. On day 7 of the culture, the cells were recovered and
used as BM-DC for the experiments.

Analysis of stimulation of BALB/c -derived H-2"-reactive CD8"
T cell lines by DC

To generate BALB/c (H-2%)-derived H-2%-reactive CD8* T cell lines, 5 X
10° BALB/c spleen cells were cultured with 2 X 10° irradiated 129 (H-2)

spleen cells in 2 ml of RPMI 1640 medium supplemented with 10% FCS,
100 U/ml IL-2 and 50 uM 2-ME in a well of 24-well plates for 5 days (21)
and after that CD8" T cells were isolated by using anti-CD8 magnetic
beads (Miltenyi Biotec). The H-2%reactive CD8™" T cells (1 X 10%) were
cultured with the indicated stimulator DC (5 X 10%) for 16 h and the
activation of T cells was detected by IFN-y-production by using ELISPOT
(BD Biosciences). For the analysis of the priming of alloreactive (H-2°-
reactive) CD8" T cells by ES-DC, BALB/c spleen cells (5 X 10°) were
cultured with irradiated ES-DC (2 X 10°) for 5 days and then CD8* T cells
were isolated as described above. The magnitude of priming of H-2"-
reactive CD8% T cells was analyzed by IFN-y-production detected
by ELISPOT upon coculture with 129 mice-derived BM-DC as
stimulators.

Analysis of frequency of alloreactive CTL in ES-DC-injected
mice

Spleen cells were isolated from naive BALB/c mice or those that received
multiple ES-DC injections and CD8™ T cells were isolated by using anti-
CD8 magnetic beads (Miltenyi Biotech). To analyze the frequency of auto
(H-2%- or allo (H-2%-reactive CD8* T cells, the cells (5 X 10°) were
cocultured with BALB/c or 129 BM-DC (5 X 10%) for 16 h and IFN-y
producing cells were detected using the ELISPOT assay.

Detection of in vivo administered ES-DC in the draining lymph
nodes

The in vivo elimination of ES-DC was assessed according to the reported
procedures with some modification (22). In brief, ES-DC were labeled with the
10 uM chloromethyl-benzoyl-amino-tetramethyl-rhodamine (CMTMR; Mo-
lecular Probes) and BALB/c BM-DC were labeled with 10 uM chlorome-
tylfluorescein diacetate (CMFDA; Molecular Probes) according to the manu-
facturer’s instructions. The mice were injected s.c. in the forelimb with 2 X 10°
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Reduced in vitro stimulation of alloreactive CD8 ' T cells by 8,m or TAPI gene-deficient ES-DC. A, The response of H-2"-reactive CD§"

T cells to ES-DC was reduced by modification of the 8,m (middle panel) or TAP1 (right panel) gene. To generate alloreactive (anti-H-2") CTL, 5 X 10°
BALB/c (H-2¢) spleen cells were cultured with 2 X 10” irradiated 129 (H-2") spleen cells for 5 days and after that the CD8 ' cells were purified from the
culture. The alloreactive CD8" T cells (1 X 10%) were cultured with the ES-DC (5 X 10%) of the indicated genotype for 16 h. The 129 or BALB/c BM-DC
were used as additional controls (left panel). The number of IFN-vy producing cells was measured using an ELISPOT assay. B, Allogeneic MHC class
I-deficient ES-DC showed reduced potency to prime alloreactive CD8 " T cells in vitro. Splenocytes (5 X 10°) derived from BALB/c mice were cultured
with irradiated ES-DC (2 X 10°) of the indicated genotype for 5 days and after that CD8" T cells were purified from the culture. The IFN-vy producing
response of the CD8 " T cells was measured with an ELISPOT with 129 BM-DC as stimulators. The results of the experiments with 8,m deficient ES-DC
(left panel) and TAP1-deficient ES-DC (right panel) are shown. Data are representative of at least two experiments with similar results. The data are the
mean £ SD of triplicate assays. The asterisks indicate significant (p < 0.05, Student’s ¢ test) differences between the two groups. ND, not detectable.

cells containing equal numbers of CMTMR-labeled ES-DC and CMFDA-
labeled BM-DC. After 48 h, the draining axillary and brachial lymph nodes
were removed, digested with collagenase type IT and DNase I and analyzed for
the presence of fluorescent cells by flow cytometry. The number of ES-DC
was normalized to control syngeneic BALB/c BM-DC.

Priming of RSV-M2 specific CD8" T cells by ES-DC

ES-DC were incubated with RSV-M2;, ,, peptide (10 uM) for 3 h and
then washed three times with FCS-free DMEM. Ag-loaded ES-DC were
injected i.p. (1 X 10° cells/injection/mouse) into the mice twice, with a
7-day interval. In some experiments, non-Ag-loaded ES-DC were injected
five or ten times with 7-day intervals before the injection of Ag-loaded
ES-DC. Seven days after the last injection of ES-DC, the mice were sac-
rificed and the spleen cells were isolated. After hemolysis, the spleen cells
were cultured in the presence of M2y, o, peptide (1 uM). Six days later, the
cells were recovered and cytotoxic activity against M2, ,, peptide pulsed-
P815 target cells were measured using the standard °'Cr- release assay.

Tumor challenge experiments

The mice were immunized with ES-DC and, 7 days after the immunization,
colon26/M2-Luc (1 X 10%mouse) cells were injected into the mice i.p. Ten
days later, the mice were sacrificed and the luciferase activity of the lysates
of the abdominal organs was measured to quantify tumor growth. The
tissue specimens were homogenized in 3 ml of lysis buffer (0.05% Triton
X-100, 2 mM EDTA, 0.1 M Tris (pH 7.8)) and the homogenates were
cleared by centrifugation at 10,000 X g for S min. Fifty ul of the super-
natant was mixed with 50 ul of dilution buffer (PBS containing 2.4 mM
CaCl, and 0.82 mM MgS80O,) and 100 pl of luciferase assay buffer (Stea-
dyliteplus, PerkinElmer) and at 5 min after the mixing the light produced
was measured for 1 second in a luminometer (Tristar LB941, Berthold
Technologies).

Statistical analysis

Student’s ¢ test was used for the statistical analysis of data except for the
data regarding the tumor invasion experiments. Because some of data in the

tumor invasion experiments did not follow a normal distribution, the data
were analyzed using the Mann-Whitney U test, a nonparametric test. A
value of p < 0.05 was considered to be significant.

Results
Generation of ES-DC expressing recipient-matched MHC
class I but not intrinsic MHC class 1

The present study evaluated a strategy to prime Ag-specific CTL
by transfer of genetically engineered 129 (H-2")-derived ES-DC
into BALB/c (H-2") recipient mice, thus avoiding the recognition
of ES-DC by allo (H-2")-reactive CD8* T cells. To modify the cell
surface expression of MHC class 1, two strategies were tested in
parallel: 1) disruption of the 8,m gene in ES cells and introduction
of B,m-linked form of recipient-matched MHC class I (8,m-K)
(Fig. 1A), 2) disruption of TAP1 gene, introduction of recipient-
matched MHC class I (K“) and loading of K“-binding epitopes to
the ES-DC (Fig. 24). .

B-m " ES cells were generated by the selection of the previously
established B,m "'~ ES cells (16) with high dose (1.5-2 mg/ml) of
G418. Two of the 39 clones were found to have a 82m ™' genotype
by genomic PCR (Fig. 1B). Subsequently, an expression vector for
B-m-K? (Fig. 1C) was introduced into both 8,m™"~ and B,m /" ES
cells to generate B,m ™' ~/B,m-K“ and B,m™~’"/B,m-K9 ES cells, re-
spectively. The genetically modified ES cell clones were subjected to
differentiation culture to generate ES-DC. Theoretically, B,m-K¢ is
the only MHC class I molecule expressed on the cell surface of 8,m ’
~/B,m-K? ES-DC. In the flow cytometric analysis, the cell surface
expression of MHC class I molecules of H-2" haplotype, H-2D" and
K was detected in B,m™’"/B8,m-K¢ ES-DC but not in S,m '~/
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B,m-K¢ ES-DC. Expression of K¢ was detected in the both types of
ES-DC, as expected (Fig. 1D).

To mutate the TAP1 gene in ES cells, the targeting vector (Fig.
2B) was introduced into E14 ES cells to make several TAP1*/~
ES cell clones. Subsequently, one of the TAP1"'~ clones was
subjected to selection with high dose of G418 as in the case of
B,m '~ ES cells and TAP1™'~ ES cell clones were isolated. Eight
of the 88 surviving clones were found to be of TAP™'~ genotype
by genomic PCR (Fig. 2C, leff) and Southern blotting (Fig. 2C,
right). Next, an expression vector for K* (Fig. 2D) was introduced
inte both TAP1"’* and TAP1™/~ ES cells to generate TAP1*/*/
K¢ and TAP1~/~/K° ES cells, respectively. Intrinsic MHC class I
molecules, D and K, as well as transgene-derived K9, were not
detected on the cell surface of TAP1~/~/K® ES-DC (Fig. 2E). A
low level of cell surface expression of K¢ on TAP1™/ /K ES-DC
was observed after incubation of the ES-DC with K%-binding pep-
tide (RSV-M2g, ) at 26°C for 12 h followed by the incubation at
37°C for 4 h (Fig. 2E).

Collectively, ES-DC expressing only transgene-derived K¢ but
not intrinsic (H-2° haplotype-derived) MHC class I molecules on
the cell surface were generated by the two methods of genetic
modifications of ES cells.
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FIGURE 5. The survival advantage of B,m or TAP1 gene-deficient
ES-DC in allogeneic recipient mice. BALB/c mice were injected s.c. into
the forelimb with CMFDA-labeled BALB/c BM-DC (1 X 10° and
CMTMR-labeled ES-DC (1 X 10°). After 48 h, the mice were killed and
the number of labeled BM-DC and ES-DC in the axillary and brachial
lymph nodes was determined by flow cytometry. The number of detected
ES-DC was normalized to control syngeneic BALB/c BM-DC [(CMTMR*
ES-DC/CMFDA™* BM-DC) X 100]. The results of experiments with ,m-
deficient ES-DC (left) and TAP1-deficient ES-DC (right) are shown. Data
are representative of two experiments with similar results. The data are the
mean * SD (5-6 mice per each group). Asterisks indicate significant (p <
0.05, Student’s ¢ test) differences.

Avoidance of recognition by alloreactive CD8" T cells by
genetic modification of ES-DC

H-2° MHC class I-reactive CD8" T cells were prepared by a
5-day-culture of BALB/c (H-2%) spleen cells with irradiated 129
(H-2%) spleen cells. They produced IFN-y in response to 129
mouse-derived BM-DC but not against BALB/c BM-DC, confirm-
ing that they responded specifically to H-2® MHC class I (Fig. 34,
left panel). The four types of ES-DC derived from H-2° ES cells
with genetic modification described above were cocultured with
the H-2°-reactive CD8 ™ T cell line and the activation of the T cells
was analyzed. Fig. 3A shows that 8,m ™/~ /B,m-K* ES-DC (middle
panel) and TAP1*/*/K® ES-DC (right panel), expressing MHC
class I of H-2" haplotype along with K were recognized by the
H-2 ®-reactive CD8™ T cells, thus resulting in IFN-vy production at
the magnitude similar to that observed in the case of 129 BM-DC.
In contrast, H-2°-reactive CD8™ T cells showed practically no re-
sponse to $2m '~ /B2m-K® ES-DC or TAP1~/~/K* ES-DC. These
results indicate that ES-DC that were not recognized by alloreac-
tive CD8 " T cells could be generated by the modification of 8,m
or TAP1 gene to inhibit surface expression of intrinsic MHC class
1 molecules.

Reduced priming of H-2"-reactive CD8" T cells in vitro by
genetically modified ES-DC

Next, the in vitro priming of alloreactive CD8 ™" T cells by ES-DC was
examined. Spleen cells from BALB/c mice were cocultured with ei-
ther of the four types of genetically engineered ES-DC for 5 days.
After that, CD8" T cells were isolated from the culture and their
reactivity to 129-derived BM-DC (Fig. 3B) was measured to assess
the magnitude of priming in vitro of H-2>-reactive CD8™ T cells by
the ES-DC. CD8" T cells cultured with 8,m™*"~/8,m-K* or TAP1"/
+/K® ES-DC in the induction phase responded to 129-derived BM-
DC, indicating that both 8,m™*'~/B,m-K? and TAP1"*/K® ES-DC
primed H-2°-reactive CD8* T cells. In contrast, CD8" T cells cul-
tured with 8,m ’~/B2m-K or TAP1~/~/K® ES-DC in the induction
step exhibited reduced or no response to 129-derived BM-DC, thus
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indicating that the H-2°-reactive CD8* T cells had not been well
primed. These results suggest that the in vitro priming of allo-MHC
class I-reactive T cells by ES-DC can be reduced through the genetic
modification of 8,m or TAP1.

Reduced priming of allo-MHC class I-reactive T cells in vivo by
TAPI or B,m-deficient ES-DC

The next experiments assessed whether or not priming of alloreac-
tive CD8™ T cells upon in vivo administration of ES-DC could be
avoided by the current strategy. The frequency of primed H-2°-
reactive CD8" T cells in mice was quantified by an ex vivo ELIS-
POT assay detecting the production of IFN-y upon stimulation
with 129-derived BM-DC. CD8" T cells from naive BALB/c mice
showed little response to 129-derived BM-DC. CD8™ T cells iso-
lated from BALB/c mice injected 5 or 10 times with 8,m™’~/
B2m-K® (Fig. 44) or TAP1*/*/K* ES-DC (Fig. 4B) clearly re-
sponded, thus indicating the priming of H-2-reactive CD8" T
cells. The magnitude of the response of the mice injected ten times
was lower than those injected five times, in both the g2m™’'~/
B,m-K® ES-DC and TAP1*/*/K? ES-DC-injected mice, thus sug-
gesting that there is probably a limit in the frequency of alloreac-
tive CD8™ T cells. In contrast, the frequency of H-2"-reactive CD8 ™"
T cells in mice inoculated with 8,m ’~/B8,m-K® or TAP1~/~/K®
ES-DC was very low, indicating that alloreactive CD8* T cells were
hardly primed in vivo by these ES-DC.

Surviving advantage of B,m or TAP1 gene-modified ES-DC in
vivo

According to a previous study by another group (23), BM-DC
inoculated into allogeneic recipient mice are eliminated within a

few days and the number of DC detected in the draining lymph
node is lower than that of DC syngeneic to the recipient mice. In
such circumstances, the rapid elimination of APC is mainly me-
diated by CD8™ T cells reactive to allogeneic MHC class I (24).
As described so far, the 8,m™'~/8,m-K ES-DC and TAP1~/~ /K¢
ES-DC did not express intrinsic H-2°-derived MHC class I mol-
ecule and escaped recognition by H-2"-reactive CD8* T cells.
Therefore, they were expected to have an advantage in surviving in
allogeneic BALB/c mice, in comparison to ES-DC expressing
H-2° gene encoded MHC class I on the cell surface.

To examine the effect of genetic modification on the survival of
ES-DC upon injection into allogeneic mice, equal numbers of
CMTMR-labeled ES-DC and CMFDA-labeled BALB/c derived BM-
DC, as a control, were mixed and injected in the right forelimb foot-
pad of BALB/c mice. After 48 h, a single cell suspension was made
from the axillary and brachial lymph nodes and the fluorochrome-
labeled DC were detected by using flow cytometry (Fig. 5). The num-
ber of 8,m’~/8,m-K* ES-DC in the draining lymph nodes was ~3
times higher than that of 8,m™’"/8,m-K? ES-DC. In the similar ex-
periments, the number of detected TAP1~'~/K® ES-DC was ~4
times higher than that of TAP1™/*/K® ES-DC. These results suggest
that ES-DC without cell surface expression of intrinsic MHC class I
molecule can thus escape elimination by alloreactive CTL.

Priming of Ag-specific CTL by genetically modified ES-DC in
allogeneic recipients

It has been noted that the CTL-mediated elimination of DC has a
notable effect on the magnitude of immune responses in vivo (25)
and the results so far described indicate that the S,m or TAP1
gene-modified ES-DC expressing only recipient-matched MHC
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class I could thus avoid elimination by CTL upon transfer into
allogeneic recipients. Therefore, the ability of such ES-DC to elicit
more robust Ag-specific immune responses in allogeneic recipients
than ES-DC expressing intrinsic MHC class I was examined.
The priming of a RSV M2 protein epitope (M2g4,_g)-specific
and H-2K%restricted CTL by ES-DC administered into BALB/c
mice was examined. M2y, o, peptide-loaded ES-DC were injected
i.p. into BALB/c mice twice with a 7-day interval. The spleen cells
were isolated from the mice 7 days after the second injection and
cultured in vitro in the presence of M2, ¢, peptide. After 6 days,
the cultured spleen cells were recovered and assayed for their ca-
pacity to kill P§15 mastcytoma cells (H-2) prepulsed with the M2
peptide. M2 peptide-specific and K% restricted CTL was primed in
BALB/c mice immunized with either of the 4 types of genetically
modified ES-DC (Fig. 6A). Therefore, ES-DC expressing K¢ could
prime K% restricted Ag-specific CTL, irrespective of cell surface ex-
pression of intrinsic MHC class I encoded by the H-2° haplotype.
To determine whether or not ES-DC could prime M2g, 4, spe-
cific CTL in the presence of preprimed H-2°-reactive CTL, ES-DC
without peptide loading were injected in BALB/c mice five (Fig.
6B) or ten times (Fig. 6C) with 7-day intervals and then the same
ES-DC loaded with M2, ,, peptide were injected. In addition, in
this case, the specific CTL were primed by all of the four types of
ES-DC. These results indicate that even in the presence of pre-
activated alloreactive CTL, ES-DC expressing recipient-matched
MHC class I are able to prime the Ag-specific CTL, whether or not
the ES-DC express intrinsic MHC class I on their cell surface.

Induction of antitumor immunity by genetically modified ES-DC
in allogeneic recipients

Next, antitumor immunity induced by the genetically modified
ES-DC was assessed. To this end, a tumor cell line colon26/M2-
Luc, a BALB/c-derived colon carcinoma cell line colon26 express-
ing RSV-M2 along with firefly luciferase, was generated. After the
inoculation of the tumor cells, it was possible to quantify the num-
ber of cancer cells in mouse tissues by measuring the luciferase
activity of tissue homogenates as reported (26). The luciferase ac-
tivity in the homogenates of colon 26/M2-Luc cells was linearly
correlated with the number of the cells in the range from 150 to
350,000 counts per second (Fig. 7A). In a pilot study, when the
tumor cells were injected into the mice i.p., most tumor cells were
detected in the greater omentum and the mesenterium, and the
luciferase activity of these two organs were in parallel (data not
shown). Therefore, the Iuciferase activity of the greater omentum
was chosen to be measured in the following studies.

BALB/c mice were injected i.p. with ES-DC loaded with
M2g, o, peptide and other mice were injected with ES-DC pre-
pulsed with irrelevant control peptide (HIV gag p24,45_,o;) With
K9-binding affinity. One week after the ES-DC injection, the mice
were challenged i.p. with colon26/M2-Luc. After 10 days, the
growth of tumor cells was evaluated by measuring the luciferase
activity in the homogenate of the greater omentum. In the mice
injected with either of the 8,m’~/82m-K® ES-DC (Fig. 7B) or
TAP1~/~/K® ES-DC (Fig. 7C) loaded with M2 peptide, tumor
growth was significantly reduced in comparison to the mice in-
jected with the same ES-DC loaded with the control peptide.
Therefore, the two types of genetically modified ES-DC could in-
duce Ag-specific antithmor immunity. The antitumor effect in-
duced by B.m~’~/8,m-K? ES-DC was significantly stronger than
that induced by 8,m™'~/8,m-K° ES-DC, indicating that the dis-
ruption of intrinsic B,m gene and introduction of B,m-linked
MHC class Iin ES-DC may provide an advantage in the induction
of Ag-specific antitumor immunity.
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FIGURE 7. Induction of protective immunity by Ag-loaded genetically
modified ES-DC against peritoneally disseminated tumor cells in alloge-
neic recipients. A, Homogenates were made from the indicated numbers of
in vitro cultured colon26/M2-Luc cells and the luciferase activity was mea-
sured. r, correlation coefficient. B and C, BALB/c mice were injected with
M2, oo peptide- or control HIV p24,4,_,4; peptide-loaded ES-DC (1 X
10°/mouse) i.p. on day ~7 and challenged with colon26/M2-Luc (1 X 105/
mouse) i.p. on day 0. On day 10, the mice were sacrificed and luciferase
activity of the greater omentum was measured. Luciferase activity of tissue
lysates was converted to tumor cell number in the greater omentum based on
the standard curve shown in A. The results of mice treated with B,m™'~/
B,m-K® ES-DC or 8,m~’~/8,m-K* ES-DC are shown in B. The results of
mice treated with TAP1**/K* ES-DC or TAP1~*~/K ES-DC are shown in
C. All data are representative of at least two experiments with similar results.
Values for individual mice injected with M2g, o, peptide-loaded ES-DC (O)
and HIV p24,49_07 peptide-loaded ES-DC (@) are shown; bars indicate me-
dian values. The asterisks indicate significant (p < 0.05) differences between
two groups based on the Mann-Whitney U test. NS, not significant.

Discussion

To induce T cell-mediated anticancer immunity, vaccination with
DC loaded with tumor Ag-derived peptides or tumor cell lysates
are being clinically tested (27, 28). For such purposes, DC are
generated from monocytes obtained from peripheral blood of the
patients. However, monocytes are not easily propagated in vitro
and apheresis, a procedure sometimes invasive for the patients, is
necessary to obtain a sufficient number of monocytes as the source
of DC. In addition, the culture to generate DC should be done
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separately for each patient and for each treatment and thus the
presently used method is too labor-intensive and costly to be
broadly applied.

ES cells exhibit the remarkable properties of self-renewal and
pluripotency. This capacity allows for the production of sizeable
quantities of therapeutic cells of the hematologic lineage, including
DC (29). If the ES-DC method is clinically applied, it will be
possible to generate genetically engineered DC-expressing target
Ags or immunostimulatory molecules, without use of virus-based
vectors. However, considering the medical application, one draw-
back of the ES-DC method is the unavailability of human ES cells
genetically identical to the patients to be treated (12). Specifically,
an HLA allele mismatch between ES cells and patients is a crucial
problem.

In previous studies, it was shown that allogeneic BM-DC are
rapidly eliminated from the draining lymph nodes during the
course of a primary alloreactive responses (23, 30). Another study
revealed that the elimination of transferred APC in allogeneic re-
cipients is mainly mediated by T cells reactive to allogeneic MHC
class I but not MHC class II (24). Therefore, if the expression of
the intrinsic MHC class I by ES-DC could be blocked, then ES-DC
inoculated into allogeneic recipients would escape elimination by
the alloreactive T cells of the recipients. However, the genomic
region including the MHC class I genes spans more than 1,000 kb
in both the mouse and human genome and complete elimination of
such a large genomic region by gene-targeting technique is cur-
rently infeasible. The feasible candidates for genetic modification
are the genes that encode 8,m and TAP, which regulate MHC
class I expression (31, 32). Therefore, the present study adopted a
strategy to block the cell surface expression of the MHC class 1
molecules by elimination of the 8,m or TAP1 gene.

Both alleles of the TAP1 or 8,m gene were disrupted in 129-
derived ES cells (H-2°) and subsequently expression vectors for
the recipient (BALB/c)-matched K¢ or 8,m-linked form of K¢
were introduced. The genetically modified ES cells were subjected
to the differentiation culture to generate TAP1~/~/K® ES-DC and
B,m '/B,m-K! ES-DC. As intended, the B8,m ' /B,m-K9
ES-DC expressed only K molecule as MHC class I molecules on
the cell surface. TAP1™/7/K® ES-DC hardly expressed any clas-
sical MHC class I and a low level of cell surface expression of K¢
was observed after incubation with K%-binding peptide. In vitro,
B.m~’~/B,m-K? and TAP1~/~/K® ES-DC were not recognized by
pre-activated H-2-reactive CD8 T cells and the ES-DC did not
prime H-2P-reactive CD8* T cells (Fig. 3). When these cells were
inoculated into BALB/c mice, they did not prime H-2" reactive
CD8™" T cells in vivo (Fig. 4).

Consistent with these results, 8,m™'~/82m-K¢ ES-DC and
TAP1~/~/K® ES-DC had a survival advantage in comparison to
B,m™*'"/B,m-K? ES-DC and TAP1*/*/K* ES-DC, when trans-
ferred into BALB/c mice (Fig. 5). The results suggest that ES-DC
deficient in 8,m or TAP] and expressing only recipient-matched
MHC class I were resistant to elimination by alloreactive CTL. It
has been shown that CTL-mediated elimination of DC has a no-
table effect on the magnitude of immune responses in vivo (25,
33). Therefore, 3,m- or TAP1-deficient ES-DC should be able to
elicit more robust priming of Ag-specific CTL in allogeneic recip-
ients than ES-DC expressing intrinsic MHC class I. When loaded
with RSV-derived peptide and inoculated into BALB/c mice, not
only 8,m " /8,m-K* and TAP1~"~/K? ES-DC but also 8,m™’~/
B,m-K¢ and TAP1*/*/K* ES-DC primed K restricted, RSV pep-
tide-specific CTL (Fig. 6). Unexpectedly, there was no significant
difference in the magnitude of priming of Ag-specific CTL among
these ES-DC. CTL-mediated allogeneic DC elimination is mainly
dependent on the perforin/granzyme B pathway (24, 30). There-
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fore, the result shown in Fig. 6 may be due to resistance of ES-DC
to killing by CTL that is attributed partly to the high level of
expression of SPI-6, the granzyme B-specific protease inhibitor, in
ES-DC (34). In addition, in the experiments shown in Fig. 6, we
cultured spleen cells isolated from immunized mice for 5 days in
the presence of RSV-M2 peptide to amplify RSV-specific CTL
before the cytotoxicity assay, because we could not detect RSV-
specific CTL activity in a direct ex vivo killing assay. Probably, in
the data shown in Fig. 6, difference in the CTL activity induced in
vivo by the different genotype of ES-DC may have been masked
by this culture procedure.

In the present study, the MHC class II haplotype of ES-DC was
always b while that of the recipient mice (BALB/c) was d. There-
fore, there was mismatch in MHC class II haplotype between
ES-DC and the recipient mice in all of the experiments. Because
the mismatch of the MHC class II allele has been reported to not
cause any acute elimination of transferred APC (24), the class II
mismatch may not have negatively affected the priming of Ag-
specific CTL in the present study. Instead, alloreactive helper T
cells are expected to enhance the CTL response via cytokine pro-
duction, although we did not experimentally address this issue in
the present study.

Theoretically, the issue of histocompatibility related to the ES
cell-based medical technology may be resolved by the recent de-
velopment of induced pluripotent stem (iPS) cells that can be gen-
erated by introduction of several defined genes into somatic cells
(35-38). However, the medical application of iPS cells neverthe-
less has some drawbacks. The use of virus vectors is necessary to
generate iPS cells and generation of iPS cells for individual pa-
tients may be too costly, time consuming, and labor-intensive to be
broadly applied. The genetic modification of ES cells or iPS cells
to modify cell surface HLA class I by the presently reported meth-
ods may be more economical, faster and thus, more realistic than
the individual generation of “fully personalized iPS cells”.

Although targeted gene disruption of OCT4 and HPRT in hu-
man ES cells has been reported (39), the methodology of gene
targeting for human ES cells has not been well established at
present. Therefore, as an alternative strategy, we are planning to
generate iPS cells from patients with Type I bare lymphocyte syn-
drome caused by mutation of the TAP 1 or TAP 2 gene (40, 41).
Once a clone of TAP- or 8,m-deficient human ES or iPS cells is
established, a premade library of pluripotent stem cell clones ex-
pressing various types of HLA class I can be generated by the
introduction of various HLA class I genes. Such a pluripotent stem
cell bank may serve as a source of not only DC but also of various
kinds of differentiated cells that may be useful in the field of re-
generative medicine.
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Usefulness of a novel oncofetal antigen, Glypican—3, for diagnosis and immunotherapy of
hepatocellular carcinoma
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summary

We identified glypican-3 (GPC3), as a novel oncofetal antigen, overexpressed specifically in hepatocellular carci-
noma (HCC) and melanoma in humans by utilizing genome-wide cDNA microarray analyses of HCC tissues and nor-
mal fetal and adult tissues. We also found that GPC3 is a novel tumor marker for HCC and melanoma, and that the
pre-immunization of BALB/c mice with dendritic cells pulsed with the H-2K%-restricted mouse GPC3 298-306
(EYILSLEEL) peptide prevented the growth of tumor expressing mouse GPC3. Because of similarities in the binding
peptide motifs between H-2K4 and HLA-A24 (A*2402), the H-2K%-restricted GPC3 298-306 peptide thus seemed to
be useful for the immunotherapy of HLA-A24* patients with HCC and melanoma. We investigated whether the GPC3
298-306 peptide could induce GPC3 reactive CTLs from the peripheral blood mononuclear cells (PBMCs) of HLA-
A24 (A*2402)t HCC patients. In addition, we used HLA-A2.1 (HHD) transgenic mice (Tgm) to identify the HLA-
A2 (A*0201)-Ttestricted GPC3 epitopes to expand the applications of GPC3 based immunotherapy to the HLA-A2+
HCC patients. We found that the GPC3 144-152 (FVGEFFTDV) peptide could induce peptide-reactive CTLs in HLA-
A2.1 (HHD) Tgm without inducing autoimmunity. In 5 out of 8 HLA-A2+ GPC3+ HCC patients, the GPC3 144-152
peptide-reactive CTLs were generated from PBMCs by in vitro stimulation with the peptide and the GPC3 298-306 pep-
tide-reactive CTLs were also generated from PBMCs in 4 of 6 HLA-A24+ GPC3* HCC patients. The inoculation of
these CTLs reduced the human HCC tumor mass implanted into NOD/SCID mice. We have recently started a phase I

clinical trial of GPC3 peptide vaccine-based immunotherapy of patients with advanced HCC.

We have also succeeded in inhibition of growth of tumors expressing mouse GPC3 by immunization of mice with
dendritic cells differentiated in vitro from mouse embryonic stem cells and pulsed with the GPC3 peptides. Our study
raises the possibility that these GPC3 peptides may therefore be applicable to cancer immunotherapy for a large number

of patients with HCC and melanoma.

Key words— Tl (HCC) ; SEEHIK ; Glypican-3 (GPC3) ; A& H L ; ES-DC

p #®

b ORGSR L EEHRKICKITA DNAS Z7ET VL BEHICEY, FEREBECERRTLEETEL
T Glypican-3 (GPC3) %#REL/A. GPI 7 V/A—HEHETH S GPC3 I, HFHREEEZEOW 0% OmEFIC
BHESh2FHBB M TS0, o7 x FEA, PIVKA-II C2oSHABEOE 3 OBE~— 11—+ LTHA
THAIE®RLA. i, TR GPCINTF FEAM LIcERERERE Lcic, <7 A GPC3 #%E
THEMAMKEBET A L, BCHEHSEHES LR ENLBEBOHMEINE L A FHROEESFE T,
EBIT, HLA-A2 F S VRV 2z Dy 79 AR, BREOMEHELZFE LT, HLACA2HH Wi AMIZEDL
F o FS—THRICRRENS GPCIRTF FERELE. ChOoORTF FTEBEDY VAKEZH# TS
LIk, GPC3IRHAL FFEMRKLZEBET AL  F5-THREFETEL. ThHDGPCIRTF
Fafuvre, FMBROREREIcBE T ABRRB YA LA 4, Red<y2AEHE (BS) Mlad Sk

#ia (ES-DC) %4t #E T+ 5 HEABREL, ~T7AGPC3 2 RHET A ES-DC AT ARREL-LIA,

GPC3 RH < AfMIakRiCHN 3 5 in vivo UEESROFELBEE I hi-.

REA K FRFABER L IRPEE - BB F 0
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L &I

AR OARB T AR ERETHILICK
D, BAMRYRELCHETS THEREHETS
RIS LA TSI T 572010, B RBHEREY 75V
DOEXEBRAOLNTWA. K, EFEHAKCEAY
ROTEMBICHERANICERER T 2R 2 RET
HCLIIRETH 2B, DNARA 70T LA
RMTIC & AEERE EERRICRBT B/ ATUA F
ORBRETFRB 7 4 —IVEHIC LD, BERIE
DOFREDRBIICEAL. RxZ, TOFEZALV
TERORBRENFEEREL, ChrHVEBRE
FHEOBRKABR LB L TS, AR TR, ik
BCERETAHEER BRI TH % Glypican—
3 (GPC3) DHER L, ZTOERBREANDLBIIC?
WTRRNT 5.

ST, FEOLIE, Mlav 5V E LTHVYSH
FRlaOfHETE & L CEME (ES) MiliCEE L,
ES Mg bk Ol (ES-DC) % V7 st
BEORRICETAERMELT > TD. ART
i3, =~ ADEEET VA H W/ ES filas a1t
7% L7- ES-DC & &k 3 [EB & OFHEICEAT 5
REE, RO, RAAFELAE F ES-DC D5
{EBEEICOWTLENT 5.

I B4R (HCC) (CXMTZR/HEEDOTR

frfifiafs (HCC) OBERIL, BRBIUTV
THEICBWTEKRAE LTEMLTWAS. HCCiZ
BEELEHAECHEREZRD BT -OFERRLE
THY, BRBIUCHFLLE, ZhIC5I&/KW
TRIETHHEE» OGRAET S, I HOEITH
TARIEREC, BREOBRTHOLDICED
TR ORI PE TN TV 5.

T4, HEEEBEICIBT S HCC ORIE P
2, HCC fiikic B3 Sl RER, VW2
F® FICH%. HCC ITHHT BHBRREIC OV TS,
1990 448, X » lymphokine-activated killer (LAK)
cells, tumor-infiltrating lymphocytes (TIL), peri-
pheral blood mononuclear cell (PBMC) #H\W/-&
TRk, DCU 7 F ViR, o7« FMEAES
RORNTF FT 7 F /BEREDAA LN TN 5.
F 72 HCC KB W TEHABR 2B E RIOHUR LK
HWEINTBY, FREFTEZOEAESRFTSHT
Wwah,

1. ¥R S HUE Glypican-3 (GPC3) ORA

1. DNAVA707L18RICLS HCCHR
B REREORR

B4, ERARFERYHERC LT/ AV
Z—OFFHEE LS & ORRIFRICLD, mEE
FEREIRIC I3 B cDNA <A 707 VA {7 — 52
AW CHARE (HCC) BHENCEREAT &
£+ & LT Glypican-3 (GPC3) *REL~Y. M
IAKRT £ DI, GPC3 IEH frMlifa L L
T HCC D 80% DIEFID HCC KTV TaEF
BLTWAS, BRADEFEKICIT, FLALRR
LTWaW. Wolf 5> GPC3 ZHRB LR IEH DR
B WH5VEIFRCERRELTEY, WbWaE
BRI E (Carcinoembryonic antigen & 5 W X
Oncofetal antigen) OEFIZASEHETH 5.

2. GPC3 DEEELBEE

BEAREEROE TH 5 Glypican 7 7 2 U —
i3, REFTOLIA 6EEIREINTWAY.
GPC3 %, 580 7 X /BaH» 6725 60kD D 7EH
BIi~RS VEREEHEES S - EEAE T,
CRMBGPI 7 v A—C X O HBEBRICKEESLTY
5. Pilia Hid, X FHh (Xq26) HEERETHS
BEAED—>T#%, Simpson-Golabi-Behmel fE &
BBWT, GPC3I OBREFERZHEL TV 5.
%7z, GPC3 /v 2777 +F<7AT%, Simpson-
Golabi-Behmel FEEH & FRICADE KILZ ¥ DR
BRI ZRTZ EBBEINTHAS.

GPC3 i3, & AEOEEMIE CIIHA A IH L/
D, BHEVIITR =V AOFEICEELD D Lk
HaANTWBY, W%, GPCI a7 EHEDVEE
Wnt bREATHIEICED, Wnt V7 FVEES
L, HHlFEOMMERET S L BREINT
W59,

III. HCC fER#(CEHT3 GPC3 ORERE &
BE~Y—H—&LTORRY

R xit, GPC3BIETORREDER, XTORIE
TEYWTHIBEABRDEL LTRBEENTWSE D
B2 DWTRT-PCR &, % OUKMAKIAICE
B REEBRCENE AV THERE LA (R 1B,
C). ZOHERE, GPC3REBHELVAILEBWT
b, RBIEHOFBEKICRE T8 HARRER Lk
{70, HCCRBWTHURBRITLZ L xHEL
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A ~
R
30— %e %0 =
#RN
257 e& 20
BS 20 < E%® 10
R T
8g 15 g Sh
ZE® 40—
g 101X
<5 fif
Sk 57
1.
Frifas E%
2 O fE FFIE

FF#fEE ¢ 2 3 4 s
BE TNTNTNTNTN

GPC3
B-actin Ee e ————

T: &0, N: JEER

M1 HCC 20 fEFIOBE, M LU SHZ EFBSICHT 5 GPCI BETRIAD DNA XA 707 L A @7 —22 L
HCC ##%1- 351+ % GPC3ImRNA 3 L UERHEDRE,

A : HCC B3 20 SEFIOREER ¥ IEERIC 31T 5 23,040 FEIOBE T ORBEA ERA L, S OIRERO 4 =& 23
DIEEHBIC BT, FBETFOFRETOT + — V@K L. GPC3 ik, @B 20 fEGI 16 fE 6 TR/ FFEMOFES O
W5 e (GF#9396.2) T, BaiEo it il LOBBICRE T 5 ME, 13 A EOBADIEFBRICRERZRDL\,
IR FE A 0 — K3 A BET CTH o 7. B: HCC HEOREH (T) »IEEH (N) KB 5 GPC3 mRNA OFEROFES
RT-PCR BEIC TR L7 & T A, FBICB\WTOA GPC3 ORBE R 7. C: HCC BT 1B % GPC3EHEDOHR,

%, #i GPC3 Hifk% i\ /o B HOMEATIC & D iR L /e,

7o
X 6 HCC BFE D 40% O Il 1 F I 7] % i
GPC3 Bt s h 52, BEA, BHEFE, ZOff
DIFEBTRASHREIN T, HCC O MEEE
X—H—L L THRATHAIEERRALLY.
HCC DA BHY R #%IC, M GPC3 BEARD 5
WEEAT A0, BESREOHER EDEK
~DILADBRRFINS.

IV. BRERFEDY—4F v FELTD
GPC3 DK A

1. TYR(CHT I REEEEDRERR
FKEOMBEBEREISEN TSI L6, AR
FERE RHEBUR GPC3 23, HARMY 7z &5 HE M H1R I
HVBAELEIPDIOVWTIIATHWTHER L
7o. BAADK 60% BFiH 3 %5 HLA-A24 &,
BALB/c X7 ADIZ S AL 5 FOKIHEETHN
T FOBEEF—7I, FEFITHLMLTBHI L
BbhoTWA., 6T, B e AD GPC3
Tk, 73/ BEFIOLVNIVTIS% LU EOHRED

V—HROBHELE, EFEITTADGPC3 T
7 X JBESIBEEIC—HK L, HLA-A24 5 XU
K¢EOWThIZH#EET S LTINS GPC3 Hisk
ORTF R HER LIz, TOXRTF ¥ % Bk
KM A L, BALB/c < AICHEE L TR
HIEICED, K TICKEE L CHIREGEET M
fa (CTL) xR h5 K stk CTL T F—
TRTF FaRREEL.

COIY b—=TRTF FEAR LB SRR
M 7 F v % BREPIC FRIRICE: 5 L 72 BALB/c
I AT, TV =BT A GPC3
SBIET I REL S B 7o < 7 AR ik OB FE
BFERICHE S, X561 A04FHEORER
BEERINID. TOIY F—TXTF Fid HLA-
A4 12 k> THHRRSN, B FTLREKICCIL T
Vr—T e BEESH B L Bbh.

2. HCC BEIZHTS GPC3 15EM CTL OFE
HAAD HLA-7 S AT XM BIETFDOS b,
HLA-A24 (A*2402) (3 BAADK 60% B3FFA L,
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