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Figure 1. gRT-PCR analysis of the RIZ gene. NBM, normal bone marrow cells; NPB, normal peripheral blood; NB, normal peripheral B cells; and
NT, normal peripheral T cells. (A) Expression of RIZ in normal tissues (NBM 1= 10, NPB n =1, NB n= 3 and NT n = 3) and cell lines of lymphoid
tumors. Number represents each normal sample. (B) Expression of RIZI and RIZ] + 2 in NBM and all samples of ALL. Large boxes represent 25th
and 75th percentiles, upper and lower bars represent 10th and 80th percentiles of samples. Lines inside boxes represent median. (C) Expression of
RIZ1 and RIZ1 + 2 in NBM, NB, B-ALL, NT and T-ALL. Large boxes represent 25th and 75th percentiles, upper and lower bars represent 10th and
80th percentiles of samples. Lines inside boxes represent median. (D) Relationship between expressions of RIZ! and RIZ1 + 2 in each sample.
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Figure 1. (Continued).

MS-PCR analysis of the RIZ1 gene in normal samples and
leukemic cells
To investigate the RIZ1 promoter methylation status, we
performed MS-PCR for 71 of the 73 patients whose DNA was
available. Samples that showed only methylated bands were
regarded as completely methylated, and samples that had
both methylated and unmethylated bands were identified as
partially methylated. Methylation-negative samples had unm-
ethylated bands only. Methylation statuses of the RIZI gene
in normal samples and the lymphoid cell lines are shown in
Figure 2(A). No methylation of the RIZ1 gene was detected in
NBM and NPB cells from healthy controls. Of the four cell lines,
only MOLT-4 had methylation of the RIZ1 gene. Although RIZ1
mRNA expressions were decreased in Jurkat and Daudi, they
were not methylated [Figures 1(A) and 2(A)].

Methylation of the RIZ1 gene promoter was detected
in 11 of the 71 samples of ALL (15.5%). Figure 2(B)
shows all the methylation-positive ALLs and examples of

methylation-negative ALL. The characteristics of methyla-
tion-positive patients are shown in Table I

TableIll shows the RIZI methylation status and characteris-
tics of patients. Concordant with the result of RIZ1 expression,
correlation between RIZ1 methylation and phenotype of ALL
was found. Methylation was more frequent in T-ALL (63.6%)
than in B-ALL (6.7%) (p <0.0001). Many of the patients with
ALL with RIZ1 methylation had T-ALL (7/11, 63.6%), although
only a small proportion of the cases of ALL (11/71, 15.5%)
had T-cell phenotype. Furthermore, RIZI methylation was
more frequent in Ph— ALL (23.3%) than in Ph+ ALL (3.7%)
(p=0.027). No correlations were observed between RIZ]
methylation and other clinical characteristics of ALL.

To determine whether transcriptional silencing of RIZ1
is associated with promoter hypermethylation in ALL, we
assessed the correlation between methylation status and
RIZI mRNA expression. There was no difference in RIZ1
mRNA levels between methylation-positive (mean 0.818)

Table I. RIZ mRNA expression and characteristics of patients with ALL.

Number RIZ1 RiZ1+2

of mRNA level mRNA level

Variable samples* (mean * SD) p-Value {mean * SD) p-Value

Age =35 years 26 0.820 = 0.610 0.102 1.850 +2.331 0.011
> 35 years 41 1.165 * 0.866 3.840+4.720

Sex Male 35 1.067 = 0.870 0.821 3.1114.780 0.706
Female 32 1.017 £ 0.705 2977+3.174

Phenotype B-ALL 57 1.145+0.817 0.045 3.577 £ 4.252 <0.001
T-ALL 10 0.606 + 0.437 0.566 * 0.668

WBC(X10%L) =30 33 0.920 + 0.699 0.464 2.180 £ 2.900 0.115
>30 30 1.134 £ 0.882 3.934+5.081

LDH Normal 3 0.989 = 0.483 0.807 0.177 % 0.211 0.004
> Normal 56 1.070 £ 0.816 3.327 = 4.306

Karyotype Better/ 20 0.992+0.944 0.399 3.093+5.713 0.340

intermediate

Poor 33 1.122 + 0.669 2.871 £2.594

Ph Positive 26 1.189 £ 0.857 0.086 4.072+5,009 0.015
Negative 40 0.941 +0.706 2.505 = 3.293

Responset CR 53 1,057 = 0.811 0.543 2.752 +3.809 0.318
Non-CR 12 1.116 % 0.732 4.445+4.643

*67 samples were available for qRT-PCR.
tResponse to induction therapy.

ALL, acute lymphoblastic leukemia; WBC, white blood cell count; LDH, lactate dehydrogenase; Ph, Philadelphia chromosome;
CR, complete remission; gRT-PCR, quantitative real-time reverse transcription polymerase chain reaction.
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Figure 2. Methylation status of the RIZ1 gene in adult ALL. Twenty-five uL of PCR products were separated by electrophoresis through 2% agarose
gel, stained with ethidium bromide and visualized by ultraviolet illumination. Upper panel indicates methylated bands (M), while lower panel
indicates unmethylated bands (UM). m, 100 bp DNA ladder marker; NBM, normal bone marrow cells; NPB, normal peripheral blood cells; (),
negative control; (+), positive control; and B, blank. {A) Methylation of RIZI gene in normal samples and cell lines of lymphoid tumors. Number
represents each normal sample. (B) Examples of methylation status of ALL samples. Number represents each patient with ALL. DNA methylation
was detected in AL-35, 42, 50, 68, 73, 74, 80, 81, 82, 90 and 98. AL-6, 16, 21, 22, 29, 46, 49, 89, 92, 94, 95 and 97 were methylation-negative ALL.

and -negative patients (mean 1.114) in total ALL samples
(p=0.151). A similar observation was also found in RIZI + 2
mRNA levels (mean 2.398 vs. 3.166, p = 0.111).

Mutation analysis of the RIZ7 gene in leukemic cells
A previous study demonstrated that frequent A563G mis-
sense mutation in exon 7 was restricted in DLBCL but not
in other malignant lymphomas [7]. However, this mutation
in other hematological neoplasms has not been analyzed.
Therefore, we performed PCR-SSCP analysis on exon 7 of
the RIZ1 gene in the 71 cases of ALL, and no abnormal SSCP
band was detected in any of the cases.

Frequentframeshift mutations were also reported in tumors
with microsatellite instability (MSI) [8,9]. The mutations are

located at two polyadenosine tracks within the coding region
of RIZ: one (A), track at coding nucleotide position 4273-4280
and one (A), track at 4462-4471 in exon 8. No frameshift muta-
tions were found in the 71 patients with ALL.

5-Aza-dC treatment of MOLT-4 cells

To determine whether promoter methylation is associated
with RIZI silencing in T-ALL, MOLT-4 cells were treated
with 5-Aza-dC. Numbers of cells and viabilities were not
statistically different between control and DMSO treatment.
Dose- and time-dependent inhibitions of cell growth and
viability due to 5-Aza-dC were observed [Figures 3(A) and
3(B)]. When the cells were treated with 3 UM 5-Aza-dC, cell
growth was completely inhibited [Figure 3(A)]. Cell death




Table II. Characteristics of patients with RIZI methylation.
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RIZ1 RiZ1+2

WBC BM blasts LDH mRNA mRNA
No. Age Sex Phenotype (% 10%L) %) (u/L) Karyotype Response* level level
AL-35 61 M T 9.1 82.0 434 Hyperdiploid, CR 0.070 0.650
der(13),
add(13),
del(13)
AL-42 57 M T 1.6 NE 239 46,XY CR 1.018 1.691
AL-50 83 F B 7.8 83.7 1896 Hypertetraploid, CR 0.179 1.138
add(14), i(17)
AL-68 60 F B 49 46.7 NE 46,XX CR 0.300 2.965
AL-73 54 F B 50.8 86.0 1169 46,XX CR 1.432 8.001
AL-74 21 M T 190.0 85.0 6110 46,XY, ins(17;1) CR 0.357 0.765
{p13;p11p22.3)
AL-80 31 F T 41.7 98.4 129 Complex, CR 0.963 0.051
t(10;11),
del(12), i(17)
AL-81 67 F B 7.6 97.8 781 t(9;22)(q34;q11.2) CR 1.829 5.377
AL-82 66 F T 0.9 95.7 163 Complex, CR 1.485 0.058
(10;11),
(10;12), r(12)
AL-S0 30 F T 2.6 88.0 276 Complex, del(6), Non-CR 0.468 0.082
del(10),
add(16),
add(18)
AL-98 34 M T 34.2 75.1 566 Complex, del(6) CR 0.248 0.081
*Response to induction therapy.

M, male; F, female; WBC, white blood cell count; BM, bone marrow; NE, not examined; LDH, lactate dehydrogenase; CR, complete remission.

was obviously induced after 72 h of treatment with 0.5 or
3 UM 5-Aza-dC [Figure 3(B)]. Treatment of MOLT-4 cells
induced demethylation of the RIZI promoter in a dose- and
time-dependent manner [Figures 3(C) and (D)]. Four days
of treatment induced demethylation in a concentration-
dependent manner [Figure 3(C)] and restoration of expres-
sion was induced by 3 pM 5-Aza-dC [Figure 3(D)].

Forced RIZ1 expression in T-ALL cell lines

To examine whether forced RIZ1 expression by DNA meth-
yltransferase inhibitor is associated with antiproliferative
effects, we transfected p3RIZRH1 plasmid into T-ALL cell
lines, whose RIZ] expression was decreased before transfec-

Table IT1. Methylation status of RIZI and characteristics of patients.

Number Methylation-positive
of —_—
Variable samples* n(%) p-Value
Age =35years 27 4(14.8) 0.591
> 35 years 4 7(15.9)
Sex Male 37 4(10.8) 0.210
Female 34 7(20.6)
Phenotype B-ALL 60 4(6.7) <0.0001
T-ALL 11 7(63.6)
WBC(X10%L) =30 35 7(20.0) 0.354
>30 30 4(13.3)
LDH Normal 3 2(66.7) 0.065
> Normal 59 8(13.6)
Karyotype Better/ 21 6(28.6) 0.114
intermediate
Poor 34 4(11.8)
Ph Positive 27 1(3.7) 0.027
Negative 43 10(23.3)
Responset CR 56 10(17.9) 0.335
Non-CR 13 1(72.7)

*71 samples were available for MS-PCR.

tResponse to induction therapy.

WBC, white blood cell count; LDH, lactate dehydrogenase; Ph, Philadelphia
chromosome; ALL, acute lymphoblastic lymphoma; CR, complete remission.

tion. RIZ1 expression in MOLT-4 and Jurkat were confirmed
by qRT-PCR and Western analysis. RIZ1 transfections into
these cells resulted in sustained mRNA expression level more
than that of the RIZ1 positive control 24-96 h after transfec-
tion [Figure 4(A)). RIZI protein expression in these cells
96 h after transfection is shown in Figure 4(B). In contrast,
RIZ1 mRNA and protein expression levels did not increase
in MOLT-4 or Jurkat cells, or empty vector transfected
controls [Figures 4(A) and 4(B)]. In comparison with the
controls, inhibition of cell growth was observed in both RIZ1
transfected MOLT-4 and Jurkat cells [Figure 4(C)]. Cell cycle
analysis showed that forced RIZ1 expression in Jurkat led to
a higher percentage of cells in G2/M phase (p=10.014) and
a lower percentage of cells in G0/G1 phase (p=0.010), 96 h
after transfection. A similar trend was found in MOLT-4 cells
(G2/M phase [p=0.09], GO/G1 phase [p=0.013]) [Figure
4(D)]. The percentage of apoptotic cells by annexin V assay
was significantly higher in MOLT-4 cells, 72 h (p = 0.036) and
96 h (p = 0.020) after RIZ1 transfection [Figure 4(E)]. In con-
trast, RIZ1 transfection did notlead to apoptosis significantly
in Jurkat cells (data not shown).

Discussion

RIZ1 is a tumor suppressor gene that is mapped to chromo-
some band 1p36.2 and frequently undergoes deletion, rear-
rangements and loss of heterozygosity in a broad spectrum
of tumors [26]. Its expression is decreased in MDS, AML,
CML and DLBCL. However, in adult ALL, the role of RIZ1 has
not been well examined. We examined RIZ] expression and
evaluated whether hypermethylation was related to RIZI
silencing in adult patients with ALL.

In the present study, RIZ1 expression in the total ALL sam-
ples and lymphoid cell lines was decreased compared with
that in normal bone marrow mononuclear cells. Expressions
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Figure 3. Treatment with 5-Aza-dC in T-ALL cells. Bars represent mean of three independent experiments. NT, no treatment; DMSO, only DMSO
added. (A) Number of MOLT-4 cells (mean) is indicated according to treatment (*p < 0.05, **p < 0.005 vs. control). (B) Cell viability (mean) isindicated
according to treatment (*p < 0.05, **p < 0.005 vs. control). {C) Methylation status of MOLT-4 cells at different times after 5-Aza-dC treatment. Upper
panel indicates methylated bands (M), while lower panel indicates unmethylated bands (UM). B, blank; (+), positive control; {—), negative contro};
and m, 100 bp DNA ladder marker. (D) Expression of RIZ! mRNA in MOLT-4 cells at different times after 5-Aza-dC treatment.

of RIZ1 and RIZ1+ 2 were correlated in the all samples,
and RIZ1+ 2 in ALL was also significantly decreased com-
pared with that in normal samples. Furthermore, the ratio
RIZ1/RIZ1 + 2 varied among patients. Our results revealed
that decreased expression of RIZI but not overexpression of
RIZ2 was related to adult ALL. Sasaki et al. showed that RIZ1
expression was decreased in only four of 11 (37%) patients
with ALL. They speculated that increased RIZ2 expression
might be related to leukemic transformation in ALL [12}.
However, the number of patients was relatively small, and
most of the patients in the study had B-cell phenotype.
Correlations between RIZI expression and clinical char-
acteristics were also examined. Significantly decreased RIZ1
expressionwas found in T-ALL. RIZ1 has been independently
isolated as GATA-3 binding protein G3B [2]. Since GATA-3 is
a transcription factor known to be expressed very specifically
in the T-cell lineage at its early developmental stage, it may
be important in T-cell development {2], and decreased RIZ1
expression may induce dysregulation of GATA-3. Therefore,
RIZ1 is potentially important in leukemogenesis of T-ALL.

Although RIZ is a downstream effector of estrogen action
[27] and estrogen receptor co-activator {5}, no relationship
was found between sex and its expression. The expression
was not significantly different among cytogenetic risk groups.
RIZ1 + 2butnot RIZ1 expression was significantly different in
other characteristic groups (age, LDH and Ph chromosome).
This indicates that the difference in RIZ2 is prominent for
these characteristics. Further investigation may clarify the
role of RIZ2in ALL.

Methylation of the RIZI gene was detected in 11 of
the 71 patients (15.5%), but not in the healthy controls.
Decreased RIZI expression in all cases of ALL was not sta-
tistically associated with methylation. Several possibilities
may account for this, First, some cell lines (Jurkat or Daudi)
and samples without methylation had lower levels of RIZI1
expression. Thus, methylation-independent mechanisms
of RIZI silencing may occur in some ALLs. Mutation in
promoter sequences, loss of heterozygosity, histone methy-
lation, microRNA (miRNA) and alteration of transcription
factors may account for the low RIZI expression. Second, a




few samples with methylation showed higher RIZI expres-
sion. This may be related to the high sensitivity of MS-PCR.
Third, the above might be related to a substantial proportion
of cases of ALL having partial methylation. Another expla-
nation is heterogeneity of ALL regarding methylation. In
unknown entities of ALL, hypermethylation of RIZI might
be important in silencing.

Similar to expression, we found a strong relationship
between RIZI methylation status and ALL phenotype.
Although methylation of the RIZI promoter was infrequent
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RIZ1 in acute lymphoblastic leukemia 1607
in total ALL, it was frequently detected in T-ALL. Many
patients with RIZI methylation had T-ALL. As RIZ1 expres-
sion in patients with T-ALL was lower than that in patients
with B-ALL, and methylation of the RIZI promoter was more
common in T-ALL, it is suggested that RIZI promoter methy-
lation is important for silencing in T-ALL.

MOLT-4 cells were treated with 5-Aza-dC, a known DNA
methyltransferase inhibitor. It induced demethylation of the
RIZ] promoter, and suppression of cell proliferation and
viability in a dose- and time-dependent manner. Restoration
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Figure 4. Forced RIZ1 expression in T-ALL cell lines. Bars represent mean of three independent experiments. (A) Expression of RIZI mRNA in
MOLT-4 and Jurkat cells after RIZI transfection. p3RIZRH], transfected with RIZI plasmid; pcDNA3.1, transfected with empty vector for control.
(B) RIZ1 protein expression of MOLT-4 and Jurkat cells 96 h after transfection. (+), transfected with RIZI plasmid; (—), transfected with empty
vector. (C) Cell proliferation of RIZI-transfected MOLT-4 and Jurkat cells {(mean). Inhibition of cell growth was observed in both MOLI-4 and
Jurkat (*p < 0.05, **p <0.005 vs. control). p3RIZRH]1, transfected with RIZI plasmid; pcDNA3.1, transfected with empty vector for control. (D) Cell
cycle analysis of RIZ1-transfected MOLT-4 and Jurkat cells. Forced RIZ1 expression led to an increase of cells in G2/M arrest and a decrease of cells
in GO/G1 phase, 96 h after transfection (*p<0.1, **p <0.05 vs. control). (+), transfected with RIZ1 plasmid; (), transfected with empty vector.
(E) Annexin V assay in RIZ1-transfected MOLT-4 cells. Percentage of apoptotic cells was significantly increased 72 and 96 h after RIZ1 transfection
(*p<0.05 vs. control). (+), ransfected with RIZI plasmid; (- ), transfected with empty vector.
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Figure 4. (Continued).

of RIZ1 expression was induced in cells treated with a high
concentration of 5-Aza-dC. These results suggest that aber-
rant DNA methylation affects silencing of RIZ1 expression in
T-ALL. Previous reports revealed that the p73 [28] and Lyn
[29] genes are frequently methylated in T-ALL in compari-
son with B-ALL. One possibility is that expression of DNA
methyltransferase enzymes (DNMTs) is elevated in T-ALL
and hypermethylation is not restricted to a single gene. Nev-
ertheless, with re-expression of RIZ1I in T-ALL cell lines, inhi-
bition of cell growth, G2/M arrest and increase of apoptotic
cells were observed. These results were consistent with a
previous report in breast cancer [6]. Antiproliferative effects
by the DNA methyltransferase inhibitor in MOLT-4 could be
related to RIZI re-expression. Moreover, although there are
methylation-independent mechanisms of RIZ1 silencing in
Jurkat, cell growth inhibition and G2/M arrest were observed
with forced RIZI1 expression. Therefore, RIZ1 inactivation is
assumed to be involved in pathogenesis in T-ALL.

Regarding other clinical characteristics, RIZI methylation
was more frequent in Ph— ALL than in Ph+ ALL. Methyla-
tion of RIZ1 might play a role in leukemogenesis in Ph— ALL.
A previous study reported that methylation of certain genes

was associated with aging [30]. However, we found no cor-
relation between RIZ1 methylation and patient age.

ALL is a heterogeneous group of lymphoid disor-
ders, and many patients are incurable despite intensified
chemotherapy or hematopoietic stem cell transplantation,
particularly in adult ALL. An earlier study revealed that
aberrant methylations of p73, p15 and p57KIP2 are common
abnormalities in adult ALL, and these methylation patterns
predict for prognosis [31]. Thus, the methylation profile may
further divide the classification of adult ALL, and recognition
of distinct gene expression profiles may identify new patient
subgroups with response to therapies and prognosis.

We found no cases showing missense mutations in exon
7 or frameshift mutations at (A), and (A), tracks in exon 8
by PCR-SSCP analysis. The reasons for the difference in the
incidence of the RIZI-exon 7 mutations in DLBCL and other
hematological malignancies including ALL are not clear
However, another PR domain-containing protein, PRDM], is
also mutated in DLBCL.

In conclusion, decreased expression of RIZ1 but not
overexpression of RIZ2is related to leukemogenesis in adult
ALL. Aberrant methylation is associated with decreased




expression of RIZ1 in T-ALL. Therefore, RIZ1 is one of the
candidate target tumor suppressor genes particularly in
T-ALL, and further study to determine the mechanism of
RIZ1 inactivation will help to understand the variety of
pathogenesis in ALL.
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Abstract

Lung resistance-related protein (LRP) and
P-glycoprotein (P-gp) are associated with mul-
tidrug resistance. P-gp overexpression reduces
intracellular anticancer drug concentrations
and is correlated with low remission rates.
However, whether the presence of LRP influ-
ences the response to induction chemotherapy
remains controversial. Therefore, we investi-
gated the relationship of LRP and P-gp overex-
pression with the response to induction
chemotherapy. Univariate analysis revealed
that there was a significant difference
between complete remission rates for acute
myelogenous leukemia patients depending on
their blast cell expressions, between LRP posi-
tive versus negative, P-gp positive versus neg-
ative, and LRP/P-gp double positive versus
other groups. Crude odds ratios (ORs) for com-
plete remission were 0.390, 0.360, and 0.307
for LRP positive, for P-gp positive, and LRP/P-
gp double positive patients, respectively. After
controlling the confounding variables by step-
wise multivariate logistical regression analy-
sis, the presence of LRP/P-gp double positivity
and P-gp positivity were found to be independ-
ent prognostic factors; adjusted ORs were
0.233 and 0.393, respectively. Furthermore, the
monoclonal antibody against LRP significantly
increased  daunorubicin  acumulation
(P=0.004) in the nuclei of leukemic blast cells
with LRP positivity in more than 10% of the
cells. An LRP reversing agent, PAK-104P, was
found to increase the daunorubicin content
with marginal significance (P=0.060). The
present results suggest that not only the pres-
ence of P-gp, but also LRP in leukemic blast
cells is a risk factor for resistance to induction
chemotherapy. Inhibiting LRP function, simi-
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lar to the inhibition of P-gp function, will be
necessary to improve the effectiveness of
induction chemotherapy.

Introduction

Although the clinical outcome of acute myel-
ogenous leukemia (AML) has improved with
advancements in chemotherapy, treatment is
still problematic. One of the major challenges
for treatment is the resistance of leukemia
blast cells to anticancer drugs. The most well-
known proteins associated with multidrug
resistance to anticancer drugs are P-glycopro-
tein (P-gp), lung resistance-related protein
(LRP), and multidrug resistance-associated
protein. P-gp overproduction reduces intracel-
lular drug concentrations by binding to the
drugs and acting as an adenosine triphos-
phate-dependent efflux pump.! Several stud-
ies, including ours, found that P-gp overex-
pression in AML is correlated with a low remis-
sion rate.2” However, whether the presence of
LRP influences the response to induction
chemotherapy remains controversial3!! Qur
previous study showed that the co-existence of
LRP and P-gp significantly decreases the effec-
tiveness of induction chemotherapy whereas
the isolated presence of LRP or P-gp does not.’
Scheper et al.1? identified LRP as a drug resist-
ance-associated protein in a P-gp-negative
multidrug-resistant lung carcinoma cell line.
LRP is the human major vault protein; vaults
are localized in nuclear pore complexes and
are involved in nucleocytoplasmic transport.
Nuclear pore complexes are multicomponent
structures that allow bidirectional nucleocyto-
plasmic exchanges of molecules and parti-
cles.3 A decrease in the nucleus/cytoplasm
ratio of doxorubicin content has been demon-
strated in an LRP positive non-small cell lung
cancer cell line.1 No pharmacological study for
LRP has been reported. Therefore, in the pres-
ent study, we investigated the effects that the
presence of LRP has on daunorubicin (DNR)
content in the nuclei of leukemic blast cells.
We also assessed whether LRP and P-gp affect
the response to induction chemotherapy in
AML patients.

Materials and Methods

Patients

The study cohort was made up of 151 previ-
ously untreated AML patients, including 138
patients with de novo AML and 13 patients
with overt leukemia transformed from
myelodysplastic syndrome (MDS). All patients
provided written informed consent for induc-
tion chemotherapy. The leukemic subtypes of
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de novo AML were determined according to the
French-American-British classification as fol-
lows:15 2, 34, 57, 19, 23, and 3 cases of M0, M1,
M2, M4, M5, and M6, respectively. Patient age
ranged from 16 to 84 years (mean 49 years).
The immunophenotype (CD34 and CD7) of
blast cells was examined with a flow cytometer
and defined as positive when more than 20% of
the blasts were stained. Cytogenetic analysis
was performed using the Q-banding method
and assessed according to International sys-
tem for human cytogenetic nomenclature
guidelines.’6 Chromosomal abnormalities
were classified into three categories according
to the report by Slovak ef al.l” The favorable
risk category included patients with abnormal-
ities of inv(16)4(16;16)/del(16q) or (15;17)
with any additional abnormalities, or t(8;21)
without either a del(9q) or a complex kary-
otype. The intermediate risk category included
patients characterized by +8, -Y, +6, del (12p),
or a normal karyotype. The unfavorable risk
category was defined by the presence of one or
more of -5/del(5q), -7/del(7q), inv(3q), abnor-
malities 11q, 20q or 21q, del(9q), t(6;9),
t(9;22), abnormalities 17p, and a complex
karyotype defined as 3 or more abnormalities.

Chemotherapy

For de novo AML patients and patients with
overt leukemia transformed from MDS, three
regimens were used. Thirty-nine de novo AML
patients and 2 patients with overt leukemia




transformed from MDS were treated with
behenoylcytarabine, DNR, and 6-mercaptop-
urine according to the Japan Adult Leukemia
Study Group (JALSG) AML92 protocol.!
Ninety-six de novo AML patients and 8 patients
with overt leukemia transformed from MDS
were treated with idarubicin and arabinosyley-
tosine according to the JALSG AML95 and MDS
protocols.!%20 The remaining 3 de nove AML
patients and 3 patients with overt leukemia
transformed from MDS were treated according
to the CAG protocol.2! The response to treat-
ment was assessed after one course of induc-
tion therapy. Complete remission (CR) was
defined as the achievement of a morphologi-
cally normal marrow, a granulocyte count of
1.5x10% L or over, and a platelet count of
100x10%L or over. Remission failure was
defined according to the classification pro-
posed by Preisler.22 Relapse was defined as the
presence of more than 5% blasts in marrow
aspirates or development of extra-medullary
leukemia in patients with previously docu-
mented CR after one course of induction
chemotherapy according to National Cancer
Institute criteria.2

Separation of leukemic blast cells

Mononuclear cells were separated through
Ficoll-Conray (specific gravity: 1.077) density
gradient centrifugation from bone marrow or
peripheral blood taken at the initial diagnosis.
The leukemic blast cells thus prepared were
either used immediately or cryopreserved in
liquid nitrogen with 10% dimethylsulphoxide
and 50% fetal calf serum (FCS; Intergen,
Purchase, NY, USA) until used as previously
described.” The presence of more than 80%
leukemic blast cells in each sample was con-
firmed by cytospin preparation.

Detection of lung resistance-related
protein and P-glycoprotein expres-
sion on leukemic blast cells

The avidin-biotin-glucose oxidase method
was carried out on the cytospin preparations.
The slides were fixed with paraformaldehyde
and incubated with 10% normal rabbit serum
(Nichirei, Tokyo, Japan) in order to block non-
specific reactions, and stained with a mono-
clonal antibody (mAb) against LRP (LRP56,
Nichirei) as previously described.” Positivity
was classified according to the positive per-
centage as reported previously: negative (-);
less than 10%, positive (+); and more than
10% positive (++).

P-gp expression was detected by indirect
immunofluorescence staining by using MRK16
mAb (Kyowa Medix, Tokyo, Japan) as previous-
ly reported.® Positivity was classified according
to our previous report as follows: less than 20%
(-) and more than 20% (+). No difference was
observed in the P-gp positivity between fresh
and cryopreserved samples.

Isolation of nuclei

Nuclei were isolated as described by
Newmeyer ef al2* Leukemic blast cells were
suspended in reticulocyte standard buffer
(RSB; NaCl 0.01 M, MgCl, 0.0015 M, Tris-HCI
0.01 M, pH 7.4) and centrifuged for 5 min at
2000 rpm. The cells were incubated in RSB
with 10% Nonidet P40 (Sigma, St. Louis, MO,
USA), and then centrifuged for 1 h at 40,000 g.
The nuclei that formed a sediment were resus-
pended in solution A (sucrose 250 mM,
Dithiothreitol 1 mM, 1x buffer A salts, spermi-
dine 0.5 mM, spermine 0.2 mM, and phenyl-
methylsulfonyl fluoride 1 mM).

Accumulation of [3H] daunorubicin
in isolated nuclei

The accumulation of 1 M [3H] DNR (18.5
Ci/mmol; Perkin Elmer Life Sciences, Boston,
MA, USA) in isolated nuclei was studied as
described by Kitazono et al? The isolated
nuclei suspended in solution A were incubated
with 1 M DNR for 10 min at 37°C in the pres-
ence or absence of 100 g/mL mAb LRP56
(Kamiyama Biomedical, Seattle, WA, USA) or 3
M PAK-104P{2-[4-(diphenylmethyl)-1-piper-
azinyl]ethyl-5-(trans-4,6-dimethyl-1,3,2-
dioxaphosphorinan-2-yl)-2,6-dimethyl-4-(3-
nitrophenyl)-3-pyridinecarboxylate P-oxide}
as an LRP reversing reagent.6 The PAK-104P
was a gift from Dr S. Akiyama (Cancer
Research, Kagoshima University, Japan). The
nuclei were suspended in aqueous counting
scintillant (Amersham Biosciences, Buckingh-
amshire, UK), and the radioactivity in the
nuclei of 1x10* cells was determined by a lig-
uid scintillation counter system (LSC-700;
Aloka, Tokyo, Japan).

Statistical analysis

The relationships of LRP and P-gp expres-
sion with the response to induction
chemotherapy, and with the clinical parame-

ters such as age, subtype (i.e. AML and MDS),
WBC count, immunophenotype (Ze. CD34 and
CD7), LD, chromosome abnormalities were
assessed by the %2 fest. The relationship
between LRP expression and DNR accumula-
tion in isolated nuclei was evaluated by a two-
sided t-test. Univariate logistic regression
analysis was conducted to calculate crude odds
ratios (ORs) and 95% confidence intervals
(Cls). Furthermore, we used stepwise multi-
variate logistical regression analysis to calcu-
late adjusted ORs and 95% Cls and to account
for other confounding factors. All statistical
analyses were performed by SAS software
(Version 9.1.3 (TS1M3), SAS Institute Inc.,
Cary, NC, USA).

Results

Lung resistance-related protein and
P-glycoprotein expression in acute
myelogenous leukemia patients

LRP and P-gp expression of in AML patients
is summarized in Table 1. The frequency of
LRP positivity was 47.7% (72 of 151). There
were no significant differences in the expres-
sions of these proteins between de novo AML
patients (47.1%, 65 of 138) and patients with
overt leukemia transformed from MDS (53.8%,
7 of 13). The overall proportion of P-gp positive
samples was 42.4% (64 of 151); this was found
to be significantly higher in patients with overt
leukemia transformed from MDS (69.2%, 9 of
13) than that in de novo AML patients (39.9%,
55 of 138) (P=0.041). While there were no cor-
relations between LRP and clinical parame-
ters, the expression of P-gp was found to be
frequently positive when expression of CD7 or
CD34 was positive (CD7, P=0.016; CD34,
P=0.006). In addition, P-gp expression was
found to be frequently negative when the

Table 1. Lung resistance-related protein and P-glycoprotein expression in acute myeloge-
nous leukemia patients.

65/138

417 64/151

AML, acute myelogenous leuk
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ia; LRP, lung resistance-related protein; P-gp, P-glycoprotein; MDS, myelodysplastic syndrome.
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white blood cell (WBC) count exceeded 50,000
(P=0.014). There was a negative correlation
between percentage of P-gp cells and WBC
count (r=-0.207, P=0.011).

Lung resistance-related protein and
P-glycoprotein overexpression,
clinical parameters, and the
response to induction chemotherapy
The overall CR rate was 67.5% (102 of 151
patients); the failure rate of induction
chemotherapy was 32.5% (49 of 151 patients).
Patients were classified according to Preisler’s
classification:? 24 patients had hypocellular
marrow at any time during chemotherapy

(type 1), 10 achieved hypocellular marrow but
leukemic cells regrew within four weeks (type
I1), one survived for more than four weeks with
hypocellular marrow (type III), 2 died with
hypocellular marrow without evidence of resid-
ual leukemia (type 1V), and 12 patients could
not be typed. Of these 49 patients, the
leukemic blast cells of 22 (44.9%) were LRP/P-
gp double positive. As shown in Table 2, the CR
rate of LRP positive patients (56.9%, 41 of 72)
was significantly lower than that of LRP nega-
tive patients (77.2%, 61 of 79) (P=0.0079). The
CR rate of P-gp positive patients (54.7%, 35 of
64) was also significantly lower than that of P-
gp negative patients (77.0%, 67 of 87)

Table 2. Risk factors which affect inferior complete remission rates.
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(P=0.0038). The CR rate of LRP/P-gp double
positive patients (38.9%, 14 of 36) was signifi-
cantly lower than that of other groups
(P=0.0005). Univariate logistical regression
analysis (Table 2) revealed that the crude ORs
for CR were 0.390 (95% CI: 0.193-0.788) for
LRP positivity, 0.360 (95% CI: 0.179-0.726) for
P-gp positivity, and 0.307 (95% CI: 0.131-0.720)
for LRP/P-gp double positivity. After adjusting
for the confounding factors using the stepwise
multivariate logistical regression analysis, the
presence of LRP/P-gp double positivity and P-
gp positivity were found to be independent
prognostic factors; ORs were 0.233 (95% CI:
0.103-0.529) and 0.393 (95% CI: 0.188-0.820),
respectively.

Regarding the relationships between the CR
rate and various clinical parameters, the CR
rate of patients with unfavorable chromosomal
abnormalities was significantly lower than
that of patients with favorable and intermedi-
ate chromosomal abnormalities (33.3% vs
68.8%, P=0.0296). The OR of CR was 0.227
(95% CI: 0.054-0.954) by univariate logistical
regression analysis. There were no significant
differences with respect to CR regarding other
clinical parameters.

Functional assay of lung resistance-
related protein expression

Figure 1 shows the differences in DNR accu-
mulation with respect to LRP positivity with
and without anti-LRP mAb or PAK-104P. Anti-
LRP mAb significantly increased DNR accumu-
lation when the samples were LRP++
(P=0.004). PAK-104P also increased DNR
accumulation when the samples were LRP++,
with marginal significance (P=0.060). These
results indicate that anti-LRP mAb and PAK-
104P increase DNR accumulation in leukemic
cells that highly express LRP.

Discussion

The LRP gene is located on chromosome 16,
proximal to the multidrug resistance-associat-
ed protein gene. It encodes a nuclear major
vault protein homolog that may disrupt the
transport of drugs from the cytoplasm to the
nucleus.’? In this study, we demonstrated that
the addition of an mAb against LRP or PAK-
104P increases DNR accumulation in isolated
nuclei. DNR accumulation in the nuclei was
higher when the cells highly expressed LRP.
Our results agree with those of a previous
report demonstrating that a polyclonal antibody
against LRP in adult T-cell leukemia enhances
doxorubicin efflux in isolated nuclei.?’
Furthermore, the addition of verapamil is
reported to partially restore the doxorubicin
nucleus/cytoplasm ratio in nen-small cell lung
cancer cell line.* This indicates that the inhi-




bition of LRP function may lead to an increase
in DNR accumulation in nuclei, thus increas-
ing the effectiveness of the treatment. In the
present study, we evaluated whether the pres-
ence of LRP, P-gp alone or the co-existence of
LRP and P-gp in leukemic blast cells influences
the response of AML patients to induction
chemotherapy. The CR rate was not only signif-
icantly lower in LRP/P-gp double positive
patients, but also lower in only LRP or P-gp pos-
itive patients. Furthermore, multivariate analy-
sis confirmed a significantly lower CR rate in
LRP/P-gp double positive patients. Therefore,
the presence of both LRP and P-gp may be a
sufficiently strong factor for predicting the
response to induction chemotherapy. In our
previous report, the presence of LRP or P-gp
alone was not powerful enough to predict the
effectiveness of induction chemotherapy.’
Compared to our previous research, a greater
number of AML patients were examined in the
present study, and analyzed cases were limited
to AML, except M3. These different conclusions
may be due to differences in patient popula-
tions. As for clinical parameters, only chromo-
somal abnormalities influenced the CR rate.

Conclusions

The present results indicate that the pres-
ence of LRP and/or P-gp in leukemic blast cells
may be risk factors for resistance to induction
chemotherapy. As our data demonstrate that
high LRP levels obstruct the transport of DNR
into the nucleus, trials inhibiting LRP func-
tion, similar to the inhibition of P-gp, are nec-
essary to potentially improve the clinical
response.
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HLA-C Matching Status Does
Not Affect Rituximab-Mediated
Antibody-Dependent Cellular
Cytotoxicity by Allogeneic
Natural Killer Cells
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Risk of leukemia relapse after T cell-depleted hematopoietic stem cell transplantation is
lower in the “HLA-C mismatched” recipient-donor combinations. This might be attribu-
table to increased natural killing by allogeneic NK cells carrying a KIR that does not bind
to HLA-C on target cells (HLA-C-uncoupled KIR). Considering a new strategy of allo-
geneic NK cell transfer with rituximab to treat B-cell lymphomas, however, it is unknown
whether the HLA-C matching status also affects rituximab-mediated antibody-
dependent cellular cytotoxicity (ADCC). To address this issue, we investigated the levels
of ADCC by purified NK cells carrying an HLA-C-uncoupled KIR, where the NK cell
donors had either matched or mismatched HLA-C combination with target cells. Purified
NK cells carrying an HLA-C-uncoupled KIR consistently showed enhanced ADCC
against target cells when NK cell donors had an HLA-C-mismatch. When NK cell donors
did not have an HLA-C mismatch, it was inconsistent whether HLA-C-uncoupled KIR
caused ADCC enhancement. When the levels of ADCC by whole NK cells were compared,
there were substantial differences among the donors regardless of the HLA-C matching
status. Subjects with HLA-C mismatch may not have an advantage when cytoimmu-
notherapy using allogeneic NK cells is considered in combination with rituximab.

Keywords HLA-C, Rituximab, ADCC, Allogeneic, NK cells.
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INTRODUCTION

As a treatment modality against various malignancies, monoclonal
antibody-based therapy is expanding its indications. Monoclonal antibodies
attack tumor cells mainly through complement-dependent cytotoxicity and
antibody-dependent cellular cytotoxicity (ADCC). ADCC requires Fc
receptor-bearing effector cells such as natural killer (NK) cells. After the
Fec receptor engagement by an antibody, NK cells kill antibody-bound target
cells by secretion of cytokines such as IFN-y, and by discharge of the
contents of their granules, such as perforin and granzyme (Cartron et al.,
2004). NK cells also have a device that prevent themselves from attacking
normal autologous cells by recognizing “self” with receptors that transduce
inhibitory signals, many of which have specificity for HLA class I or HLA
class I-related molecules.

Among such inhibitory receptors, a family of killer immunoglobulin-like
receptors (KIRs) has been well-characterized (Lanier, 1998; Parham and
McQueen, 2003). HLA-C is the main ligand for most inhibitory KIRs. It has
been shown that HLA-C is classified into two groups, C1 and C2, by the amino
acid substitutions at positions 77 and 80 in the a-1 helix structure (Boyington
and Sun, 2002; Farag et al., 2002; Gumperz et al., 1995).

When NK cells face allogeneic target cells that cannot be recognized by
inhibitory KIRs, they sense the missing expression of “self” class I alleles and
mediates alloreactions (Ruggeri et al., 1999). Allogeneic cells missing expres-
sion of KIR ligands can therefore trigger NK cell alloreactivity (Ruggeri et al.,
2002). Based on this theory, a simple algorithm known as the KIR ligand
mismatch model was developed, in which comparison between donor and
recipient HLA class I genotype allows prediction of NK alloreactivity (Baron
et al., 2009).

The benefit of KIR ligand mismatch is well analyzed in allogeneic trans-
plantation, especially T-cell-depleted HLA-mismatched transplantation (Giebel
et al., 2003; Ruggeri et al., 1999; Ruggeri et al., 2002). Although the contribution
of KIR ligand incompatibility to NK cell cytotoxic activity was reported, there is
only a single study that documents the role for KIR ligand incompatibility in
ADCC thus far (Stein et al., 2006).

In the current study, we focused on ADCC via a chimeric mAb, rituximab
(Reff et al., 1994) that binds specifically to CD20 and induces apoptosis in a
subset of CD20-expressing lymphoma cells through ADCC. We hypothesized
that ADCC against lymphoma cells expressing HLA class I would be suppressed
by KIRs on autologous NK cells. In contrast, ADCC would be enhanced and
expected to be effective to refractory B-cell lymphomas if we use allogeneic NK
cells with KIR ligand mismatch.
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MATERIAL AND METHODS

Study Approval

This study was approved by the institutional review board in University of
Tsukuba and all subjects were given written informed consent.

Cell Lines

The CD20-positive human Burkitt lymphoma cell line RAJI was provided by
RIKEN BRC CELL BANK (Ibaraki, Japan). Epstein-Barr virus-transformed
lymphoblastoid cell line, 103-LCL was provided by Cell Resource Center for
Biomedical Research, Institute of Development, Aging and Cancer, Tohoku
University (Sendai, dJapan). HLA-C*0304 and HLA-C*0401 bearing
B-lymphoblastoid cell lines (LBL), which were produced by retroviral transduc-
tion of HLA class I-deficient 721.221 LBL with each HLA-C molecule, were
described previously (Akatsuka et al., 2002). All cell lines were cultured in
RPMI1640 medium supplemented with 10% heat-inactivated fetal bovine
serum, 100 pg/ml L-glutamine, 100 U/ml penicillin, and 100 pg/ml streptomycin
and incubated at 37°C with 5% COa.

Antibodies

For flow cytometric analysis, NK cell sorting, and ADCC assay, the following
mouse monoclonal antibodies were used: FITC-conjugated anti-human CD20
(B-Lyl; DAKO), PE-conjugated anti-human HLA-A, -B, and -C (W6/32;
BioLegend, San Diego, CA), FITC-conjugated anti-human CD56 (MEM18S;
eBioscience), PE-conjugated anti-human CD158b1/b2,j (GL183; Beckman
Coulter), and APC-conjugated anti-human CD158a,h (EB6.B; Beckman
Coulter). Anti-human CD20 mAb rituximab was kindly provided by Zenyaku
Kogyo Co. Ltd (Tokyo, Japan). Human polyclonal immunoglobulin and human
IgG1ly isotype control antibody were purchased from Baxter Japan (Tokyo,
Japan) and Beckman Coulter (Fullerton, CA, USA), respectively.

HLA Typing
HLA-C typing of target cells and NK donors were performed at Human
Leukocyte Antigen (HLA) Laboratory, Nonprofit Organization (Kyoto, Japan)

by a reverse sequence-specific oligonucleotide-probe method using the Luminex
(Austin, TX, USA) platform.

NK Cells

Heparinized blood was obtained from normal healthy subjects, and NK cells
were isolated from whole blood by density gradient centrifugation using

Wamariy

833




e

IGUVUILUIVMLVIVULLL U 1 GOWULL A/ IAUULLL VAL Vi v

For personal use only.

JYSVRVIVYS

FLVISAVIV VIS TR VI TP

VUL LIU VY AL

834

T. Machino et al.

RosetteSep NK cell enrichment cocktail (Stemcell Technologies, BC, Canada)
according to the manufacturer’s instructions. Isolated NK cells were stained
with anti-CD158a (KIR2DL1) and anti-CD158b1/b2 (KIR2DL2/3) antibodies,
and then sorted by BD FACSAria (BD Biosciences) into populations positive for
either KIR. We used NK cells or the sorted NK subgroup populations only when
the purity was >90% (data not shown).

RNA Interference

Double-stranded, short (21-mer) interfering RNA (siRNA) corresponding to
enhanced green fluorescent protein (EGFP) [sense: 5-CGUAAACGGCCACAAG
UUCTT-3, antisense: 5-GAACUUGUGGCCGUUUACGTT-3, starting from
nucleotide 66 of the EGFP coding sequence (Matin et al., 2004)] and fo-micro-
globulin were synthesized by Invitrogen. Two types of siRNA for fo-microglobulin
(accession number AB021288) were used: fo-microglobulin A, 5~-GAUUCAGGUU
UACUCACGUTT-3 (sense) and 5-ACGUGAGUAAACCUGAAUCTT-3 (anti-
sense), starting from nucleotide 91 of fo-microglobulin sequence (Matin et al.,
2004); and fo-microglobulin B, 5-GGUUUCAUCCAUCCGACAUTT-3’ (sense)
and 5-AUGUCGGAUGGAUGAAACCTT-3’ (antisense), starting from nucleotide
76. siRNA for EGFP was used as a control siRNA for those of fo-microglobulin. We
transferred these siRNAs by electroporation using the amaXa Nucleofector sys-
tem (Koeln, Germany) according to the manufacturer’s instructions.

Briefly, 2 x 106 cells, 150 pmol siRNA, and the 100 pl Nucleofector Solution V
were combined, and then transferred to a cuvette. The cells were electroporated
using the cell-type specific program. Cells were rinsed with medium and cultured.
The cells were used as the targets in ADCC assay after 36 hours, at the time of
maximal decrease of HLA class I expression determined by serial flow cytometry
analyses (data not shown).

Flow Cytometry Assays for ADCC

NK cell ADCC against RAJI, 721.221LCL HLA-C*0304, 721.221LCL HLA-
C*0401, and 103-LCL cells was measured using the LIVE/DEAD®. Cell-
Mediated Cytotoxicity Kit (Invitrogen) based on procedures described pre-
viously (Kroesen et al., 1992). In brief, target B-cell lines (5 x 10* cells) were
incubated for 20 min at 37°C, 5% COs with the green fluorescent dye 3,3-
dioctadecyloxacarbocyanine (DiO) according to the manufacturer’s instructions.
Then the cells were washed twice with phosphate buffered saline.

Target cells were seeded in triplicates in 96-well microplates. Either whole or
sorted NK cells were used as an effector, which were mixed with target cells at
desired effector:target (E:T) ratios in the presence of rituximab or control antibody
(human polyclonal immunoglobulin or human IgG1ly isotype control). The ideal
concentration of rituximab for each target was determined by measuring ADCC
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with various concentrations of rituximab (data not shown). After incubation at
37°C for 2 hours, propidium iodide (PI) was added and the cultures were analyzed
by flow cytometry (BD FACSCalibur and CellQuestPro software, BD Bioscience).
Specific cytotoxicity against target cells was calculated as: Dead target cells (DiO™,
PI™)/Total (live and dead) target cells (DiO™, PI ™ or 7) (Reffet al., 1994)

Statistical Analysis

Differences between variables were evaluated using the Student ¢-test
using the Statcel software (OMS, Saitama, Japan). In this study, P < 0.05
was considered significant.

RESULTS

Knockdown of HLA Class | on Target Cells Enhances ADCC

NK cells prepared from peripheral blood of healthy subjects contained large
granular lymphocytes and were >95% CD56-positive and CD3-negative (data
not shown). Rituximab-dependent ADCC against the Burkitt lymphoma cell
line, RAJI, was observed only when NK cells were present (Fig. 1). Cytotoxicity
was saturated at approximately 60% with 1 pg/ml rituximab. As expected,
rituximab alone induced almost no cytotoxicity (Fig. 1). Of note, RAJI cells
express both HLA-C groups (C1/C2) (Table 1), indicating that NK cells from
any donors are not alloreactive to RAJI cells.

(%)

70
Target cell : RAJI
60 | NK cell : donor E
E:T=4:1
z 50
>p2 40 F -« - control IgG
8 st RXN
9 - control IgG + NK
S 30 1 e RXN + NK
20
10 r
0 ;
0.01 0.1 1 10 (pg/mi)

Rituximab concentration

Figure 1: NK cell ADCC on lymphoma cells in the presence of rituximab.A CD20-positive human
Burkitt lymphoma cell line RAJI was incubated with or without peripheral blood NK cells from a healthy
volunteer donor with various concentration of control polyclonal IgG or rituximalb (RXN). Control IgG
alone (A). control IgG with NK cells (A), RXN alone (B, RXN with NK cells ([7). After 2-hour incubation,
RAJI cells were stained by propidium iodide (Pl) and analyzed by flow cytometry. Cytotoxicity was
calculated by percentage of Pl-positive RAJI cells in the total RAJI cell population. Mean cytotoxicity
+ standard deviation (SD) of friplicate samples are shown at various antibody concentratfions. The
results were reproducible in three independent experiments.
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Table 1: HLA-C typing and corresponding KIRs of cell lines and donors.

e P e O T T S R R i e R g B Y B S T T I BV S R R R S SR R
License status

KIR2DL2,3" NK KIR2DL1*™ NK

Cells HLA-C HLA-C group Corresponding KIRs (C1-specific NK) (C2-specific NK)
Target cells

RAJI Cw3d/Cwl0 Cl/C2 KIR2DL2, 3 / KIR2DL1

721.221LCL C*0304 Cw3/ - Cl/- KIR2DL2,3

721.221LCL C*0401 Cwd /- C2/- KIR2DL1

103-LCL Cw8 /- Cl/- KIR2DL2, 3
NK cell Donor

A Cwl4/Cwlb Cl/C2 KIR2DL2, 3 / KIR2DL1 Licensed Licensed

B Cwl/Cwlb cl/C2 KIR2DL2, 3 / KIR2DL1 Licensed Licensed

C Cwl2/Cw2 ci/C2 KIR2DL2, 3 / KIR2DL1 Licensed Licensed

D Cwl/Cw8 Cl/C1 KIR2DL2, 3 Licensed Unlicensed

E Cwl /Cw/ Cl/C1 KIR2DL2, 3 Licensed Unlicensed

F Cwl2/Cwl4 C1/Cl KIR2DL2,3 Licensed Unlicensed
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Thus, to mimic the effects of allogeneic recognition by NK cells, we down-
regulated the surface expression of HLA class I with siRNA targeting f>-micro-
globulin (2MG). Serial flow cytometric analyses demonstrated maximal
downregulation of HLA class I at 36 hours after electroporation of the siRNA
(data not shown). The mean fluorescence intensity of HLA class I expression was
decreased to approximately 20% and 50% with f2MG-KO-A and f2MG-KO-B
relative to that of untreated Raji cells, respectively, while the control siRNA
(siRNA for EGFP, which is not relevant to this cytotoxicity assay system) had
minimal effect (Fiig. 2a). In contrast, these siRNA treatments did not affect the
expression levels of CD20 (Fig. 2b). Allogeneic NK activity was readily enhanced
in inverse correlation with the decreased expression level of HLA class I with the
individual siRNAs when NK cells from two donors were tested in the presence of
control IgG (Fig. 2¢).

Finally, we evaluated the effect of HLA class I down-regulation with siRNAs
in combination with rituximab-mediated ADCC. The target cell lysis was sig-
nificantly enhanced according to the level of HLA class I downregulation. This
phenomenon is explained as the increase of natural killing as a result of “miss-
ing-self.” However, the effect became less clear when the concentration of ritux-
imab was higher (Fig. 2d), suggesting that rituximab-dependent ADCC might
be a major component of cytotoxic activity even in the NK cell-mediated allo-
geneic settings. In this experiment, both donor D and E have homozygous in
HLA-C group (C1/C1) but the level of cytotoxicity was different between the
donors. ADCC variation among individuals or FcyRIII polymorphisms might
have resulted in this difference (see Discussion).

HLA-C-uncoupled KIR Enhances ADCC by Allogeneic NK Cells

We next examined whether ADCC is enhanced by NK cells carrying HLA-C-
uncoupled KIR. HLA-C phenotypes were examined in six healthy subjects
(Table 1). Three were heterozygous (C1/C2) and the other three were homozy-
gous (C1/C1) in HLA-C groups. We sorted NK cells from these subjects into
either KIR2DL2/3-positive (Cl-specific) or KIR2DL1-positive (C2-specific)
populations (Fig. 3a).

First, we used 721.221LCL HLA-C*0304 and 721.221LCL HLA-C*0401 as
the target cells, which express exclusively C1 and C2, respectively. These cells
do not express any other HLA class I molecules and expression levels of HLA-C
were similar to each other (Fig. 3b). In this setting, KIR2DL1+ NK cells showed
higher natural killing than KIR2DL2/3+ NK cells to the 721.221LCL
HLA-C*0304 (C1) target, and conversely, KIR2DL2/3+ NK cells showed higher
natural killing than KIR2DL1+ NK cells to 721.2211.CL. HLA-C*0401 (C2),
regardless of whether NK cells were prepared from donors having C1/C1 or
C1/C2 (Figs. 4a and b).
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Figure 2: HLA class | knockdown enhances ADCC. (o) Flow cytometric analysis of HLA class |
expression in cells treated with two different g2MG siRNAs, A (filled with black) and B (filled with dark
gray), or control siRNA (filled with light gray). Isotype control, thin line; HLA class | expression of
untreated cells, thick line. Analysis was performed 36 hours affer sIRNA treatment. (b) CD20 expression
in the same cells as in (@). (¢, d) RAJI cells, 36 hours after freatment with siRNAs (62MG-KO-A in black,
S2MG-KO-Bin gray and confrol siRNA in white) incubated in the presence of peripheral blood NK cells
from healthy volunteer donor D and E with 0.01 ug/ml or 0.1 ug/mil of control IgG (c) or RXN (d) for 5
hours at 37°C, 5% CO,. E:T ratio was 4:1. Mean cytotoxicity 4 SD of friplicate samples was measured.
Data are representative of at least three independent experiments.




