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Non-Hodgkin lymphoma (NHL) is a hematologic malignancy for which good diagnostic and tailored therapy markers
are lacking. Despite continued improvement in our understanding of NHL, efforts to identify these markers have
yielded dismal results.

Therefore, we first translated low-mass—ion information in urine samples from patients with NHL. After testing of
variable parameters before MALDI-TOF analysis of low-mass ions in urine was done to reduce an error. Urine from
30 controls and 30 NHL patients was analyzed as a training set for NHL prediction. All individual peak areas were
normalized to total area up to 1000 m/z. The training set analysis was repeated four times. Low-mass peaks that were
not affected by changes in experimental conditions were collected using MarkerViewIM software. Human Metabolome
Database (HMDB) searches and ESI LC-MS/MS analyses were used to identify low-mass ions that exhibited
differential patterns in control and NHL urines. Identified low-mass ions were validated in a blinded fashion in 95
controls and 66 NHL urines to determine their ability to discriminate NHL patients from controls. The 30
highest-ranking low-mass-ion peaks were selected from the 60-urine training set, and three lowmass-ion peaks with
high intensity were selected for identification. Of these, a 137.08-m/z ion showed lower masspeak intensity in urines of
NHL patients, a result that was validated in a 161-urine blind validation set (95 controls and 66 NHL urines). The
130.08-m/z ion was identified from HMDB searches and ESI LC-MS/MS analyses as hypoxanthine (HX). The HX
concentration in urines of NHL patients was significantly decreased (P < 0.001) and was correlated with the
mass—peak area of the 137.08-m/z ion. At an HX concentration cutoff of 17.4 uM, sensitivity and specificity were
79.2% and 78.4%, respectively. This result represents a good example of low-mass-ion profiling in the setting of

disease screening using urine.

Then we focused the meaning of circulating lymphoma cells (CLCs) using lymphoma-specific gene expression in
peripheral blood. MAGE-A3 is widely expressed in solid tumors and is a potent candidate for immunotherapy. To
determine whether MAGE-A3 expression would be a useful marker for CLCs in NHL, we assessed MAGE-A3 mRNA
expression in the peripheral blood of NHL patients and controls. MAGE-A3 gene expression in ten lymphoma cell lines
(Farage, RL, SU-DHL, Toledo,WSU-NHL, BJA-B, Daudi, Raji, Granta-519 and Jurkat) using nested RT-PCR showed
positivity in four lymphoma cells (RL, Farage, Toledo and Raji) and the detection sensitivity was 1 in 1000 cells.
MAGE-A3 expression was determined in buffy coat samples of 40 controls and 95 NHL patients prior to treatment.
and represent that present in 45 of 95 (47.3%) patients with NHL, but in none of the 40 controls. Clinical
characteristics (e.g., cell lineage) and international prognostic indices, including age, performance, LDH, stage and
extra—nodal involvement, were evaluated and related to MAGE-A3 expression.Hazard ratios, reflecting risk for overall
survival and progression—free survival, were also evaluated.Follow-up MAGE-A3 expression was evaluated at two time
points: after 3 -4 cycles of chemotherapy (80patients) and after 6 -8 cycles of chemotherapy (74 patients). MAGE-A3
expression prior to treatment was not associated with clinical features or patient survival. During follow-up, only six
patients (7.5%) were positive for MAGE-A3 after 3 -4 cycles of chemotherapy and three (4.1%) were positive after
-8 cycles. The results showed that MAGE-A3 gene expression was frequent in NHL patients and decreased after
effective chemotherapy, suggesting that MAGE-A3 can be used as a tumor marker for CLCs in patients with NHL.
However, MAGE-A3 expression showed no prognostic value in this group of patients. Moreover, we tried to find
functional effects of MAGE-A3 in lymphoma using lymphoma cell line. Since siRNA treatment, cell survival decreased
which means MAGE-A3 has importance in survival pathway for lymphoma cell lines.




Third, polymorphisms in detoxification enzymes of the glutathione S-transferase (GST) family, known associated with
treatment response, resistance, and drug-related toxicity, was studied to investigate the influence of the genetic
polymorphisms GSTMI1, GSTTI1, and GSTP1 on treatment response in 94 Korean patients with de novo diffuse large
B-cell lymphoma, who had received rituximab plus cyclophosphamide/doxorubicin/vincristine/prednisone (R-CHOP) as a
front-line regimen. Deletions of the GSTMI1 and GSTTI1 genes were detected using a multiplex polymerase chain
reaction technique, and the functional GSTP1 polymorphism, Ilel05Val, was genotyped using the TagMan assay. The
treatment response rate did not differ according to GST polymorphisms. Patients with the GSTTI1-null genotype,
however, showed more frequent grade IIle]V chemotherapy-related toxicities, including leukocytopenia [odds ratio
(OR)53.1; 95% confidence interval (95%CI), 1.2e8.0; P50.025], fever (OR55.3; 95% CI, 1.4e19.7; P50.009), and mucositis
(OR54.6; 95% CI, 1.4el5.1; P50.012). Patients with the GSTMI1/T1 double-null genotype had more grade IlelV
thrombocytopenia (OR57.8; 95% CI, 1.5e41.1; P50.002) compared to those with other genotypes. In male patients, the
GSTMI1/T1 double—null genotype was associated with a shorter event—free survival period (P50.02). This study
suggests that GSTTI1 deletion may significantly increase the risk of drug-related toxicity after R-CHOP chemotherapy
in patients with DLBCL, and is associated with worse prognosis in males. Another polymorphism with associated of]
prognosis has been reported in lymphoma with association of antibody drug effect is Fc gamma receptor
polymorphism. We analyzed genotyping in way to overcome pseudogene effect. However, there was no prognostic

impact in these gene polymorphism.
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Figure 1A. MAGE-A3 expression of lymphoma cell lines

RT-nested PCR analysis for the expression of the MAGE-A3 was performed on lymphoma cell lines.
Products amplified by RT-nested PCR are shown in lane 1 : negative control; lane 2 : positive control
(U266); lane 3 : Farage lane 4 : RL;lane 5 : Toledo; lane 6 : SU-DHL4;lane7 : WSU-NHL; lane 8 :
BJA-B; lane 9 : Daudi: lanelO : Raji lanell : Grantabl9: lanel2 : Jurkat. Lane 1 shows the lack of an
amplification product when RT-PCR was performed in the absence of cDNA template. MAGE-A3
expression was observed in 4/10 (40%) lymphoma cell lines including Farage, RL, Toledo and Raji.

- Detection sensitivity

Fig 1B.
No.of UZ66 cells mized with Daudi cells (1x10%cells)

M 1x10% {109 1 x10% 1x10° 121081 x100 1 x 100

: Figure 1(B). Detection sensitivity for MAGE- A3

Melanoma antigen gene (MAGE) detection sensitivity was determined. Positive control cell line (U266)
were mixed with negative control Daudi lymphoma cells at various concentrations with range 1-10%10°
cells, and the total RNA (1ug) isolated from mixed cells was used for MAGE-A3 expression. 5ul of the
first PCR product as the template for the second (nested) PCR and the same condition.

- MAGE-A target product® sequencing ¢l (Fig.1C %)
PCR product 7} MAGE-A3 2% 3¢S $jél sequencing < A 33t sequenceE 213 (Fig.1C F%)

Figure 1(C). Sequencing of Target product
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Figure 2. Expression of MAGE-AS3 in lymphoma patients
RT-neted PCR analyses for the expression of the MAGE-A3 and GAPDH genes were performed on
patients samples. Amplified products were visualized on a 3% agarose gele stained with 10mg/ml
ethidium bromide. Products amplified by RT-nested PCR are shown in lanes 1-3 : normal donor and
lane 4-10 : patients with NHL. MAGE-A3 gene expression was not detected in 40 normal donor but
was detected in 45 of 95 patients (47.3%)

o

6) RleA 2l FZF ghxte] 4 g MAGE-A3 {4 23 f5-o] Zaad

st

Table 1. Association between clinical characteristics and peripheral blood MAGE-A3



expression in NHL patients

characteristics MAGE-A3 () MAGE-A3 (+) P value
N(%) N(%)

sex 0.095
Male 36 (59.0%) 25 (41.0%)
Female 14 (41.2%) 20 (58.8%)

Cell lineage 0.304
B cell 43 (55.8%) 34 (44.2%)
T cell 7 (38.9%) 11 (61.6%)

Performance status 0.597
0 17 (54.8%) 14 (45.2%)
1 30 (50.0%) 30 (50.0%)
2 3 (75.0%) 1 (25.0%)

Stage 0.832
I 10 (52.6%) 9 (47.4%)
I 18 (47.4%) 20 (52.6%)
I 9 (56.3%) 7 (43.7%)
v 13 (59.1%) 9 (40.9%)

Extra-nodal involvement 0.242
Absent 26 (59.1%) 18 (40.9%)
Present 24 (47.1%) 27 (52.9%)

IPI* 0.080
Low/Low-intermediate 36 (48.0%) 39 (52.0%)
High/High-intermediate 14 (70.0%) 6 (30.0%)

Bone marrow involvement 0.700

Absent 45 (51.1%) 43 (48.9%)
Present 3 (60.0%) 2 (40.0%)

*]PI : international prognostic index

Table 2. Hazard ratio for overall survival of Clinical characteristics & MAGE-A3 expression



MNo. of patients(%)
Age. years (Median, rage) 57, 23-87
Sex
Male 61 (64.2
Female 34 (25.8)
Cell fineage
B-cell Z7Z81.1)
T-cell 12(I8.9)
Performance status
8] ST {(32.6)
1 50 (63.2)
2 4 (4.2)
Stage
I 12 (20.0)
I 38 (40.00)
1 | 16 (16.8)
v 22 (23.2)

MNo. of patients(2:)

Extra-nodal involvement

Absent 44 (46.3)
Present 51 (53.7)
IPr
Low 53 (55.8])
Low-intermediate 16 (16.8)
High-intermediate 21 @221)
High 5 (5.3)
Bone marrow involvement
Absent 89 (93.7)
FPresent 5 (5.3
Mot identified 1 (1..0)
NMAGE-AZ expression
at baseline
Absent 50 (52.6)
FPresent A5 {(47.4)
D MEAN YxF B AR WL A7 A

- Chemotherapy %
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6-8cyclesoll Al 37 (4.1%) A v T ES gttt (Fig

CR+PR
Baseline Response
Positive 33 3
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