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Prognostic Implications of the Differentiation Inhibitory Factor nm23-H1 Protein
in the Plasma of Aggressive Non-Hodgkin’s Lymphoma

By Nozomi Niitsu, Junko Okabe-Kado, Takashi Kasukabe, Yuri Yamamoto-Yamaguchi,
Masanori Umeda, and Yoshio Honma

The outcome of patients with non-Hodgkin’s lymphoma has
been improved by current approaches to treatment. Never-
theless, many patients either do not have a complete remis-
sion or ultimately relapse. To identify such patients, it is
important to be able to predict the outcome. We previously
found that the differentiation inhibitory factor/nm23 was
correlated with the prognosis of acute myeloid leukemia. To
examine the prognostic effect of nm23 on non-Hodgkin’s
lymphoma, we established an enzyme-linked immunosor-
bent assay procedure to determine nm23-H1 protein levels in
plasma and assessed the association of this protein level
with the response to chemotherapy, overall survival, and
progression-free survival in patients with aggressive non-
Hodgkin’s lymphoma. The plasma concentration of nm23-H1
was significantly higher in patients with malignant lym-

non-Hodgkin’s lymphoma. The complete remission rate in
patients with higher nm23-H1 levels was significantly worse
than that in patients with lower nm23-H1 levels. Overall
survival and progression-free survival were also lower in
patients with higher nm23-H1 levels than in those with
lower levels. The 3-year survival rates in patients with low
and high nm23-H1 levels were 79.5% and 6.7% (P = .0001). A
multivariate analysis of prognostic factors showed that the
plasma nm23-H1 level was independently associated with
the survival and progression-free survival. An elevated
plasma nm23-H1 concentration predicts a poor outcome of
advanced non-Hodgkin’s lymphoma. Therefore, nm23-H1 in
plasma may be useful for identifying a distinct group of
patients at very high risk.
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phoma than in normal controls, especially in aggressive

E FOUND THAT A differentiation inhibitory factor more, expression aim23-HImRNA was significantly higher

purified from conditioned medium of a differentiation- in other hematological neoplasms, including acute lymphoblas-
resistant mouse myeloid leukemia cell line was identical to thetic leukemia, myelodysplastic syndrome, and chronic myeloid
nm23proteinl” nm23proteins are involved in tumor metastasis leukemia in blastic crisis, than in normal blood céll&. has
regulation and have nucleoside diphosphate kinase enzymigeen shown using immunohistochemical analyses that high-
activity that catalyzes the ATP-dependent synthesis of nucleograde non-Hodgkin's lymphoma exhibits significantly higher
side diphosphaté®’ In humans, 5hm23isotypes (m23-H1 levels of nm23-H1 expression than does low-grade non-
nm23-H2, DR-nm23, nm23-H4and nm23-Hj have been Hodgkin'slymphomé&?Thereforenm23-Himay have prognos-
identified to daté:13 Among them,nm23-H1and nm23-H2 tic value in hematological malignancies.
show 88% amino acid sequence homology, and their genes are Advances in combination chemotherapy and supportive
located on the same region of chromosome 17qg21 in tantherapy have made a long-term survival rate of 60% to 70%
dem?0.14-17An inverse relationship between metastatic potentialPossible for patients with non-Hodgkin's lymphor#et> The
and the level ohm23-Hlexpression has been well established choice of treatment for this lymphoma has become increasingly
in various cancersnm23homologs have been reported to be broad and now ranges from first-generation to third-generation
involved in various cellular processes, such as stimulatingchemotherapy and further to extremely potent therapy involving
transcription, cell differentiation and proliferation, and apopto- Stem cell transplantation. Selection of the appropriate therapy
sis5711.18|n addition, a serine/threonine-specific protein phos-Not only involves a consideration of the complete remission
photransferase activity and a histidine protein kinase activity(CR) rate, butalso treating each patient neither too much nor too
have also been detect&R® The nm23 protein inhibits the little, so that the quality of life can be maintained at a high level
differentiation of murine and human myeloid leukemia cells, While the disease is cured. If intractable non-Hodgkin's lym-
although the mechanism is unknow#2! The inhibition of phoma could be identified at diagnosis, this information would
differentiation may be associated with the aggressive behavior

of leukemia. To clarify the role ohm23in human myeloid : . . )
leukemia. we investigated the relative levelsiai23mRNA in From Saitama Cancer Center Research Institute, Saitama, Japan;

’ 9 . . and the First Department of Internal Medicine, Toho University School
bone marrow and blood samples from patients with acut€ jedicine Tokyo, Japan.
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be useful for planning the best therapeutic strategy. Therefore/oltage radiotherapy. All patients were followed-up at intervals of a few
effective prognostic factors are needed to select the appropriatgonths at the department. Re-evaluation included physical examina-
therapy. Many prognostic variables for predicting the outcometion, hemogram and differential counts, biochemical tgsts, and com-
have been identified, and prognostic models based on variouited tomography of the chest, abdomen, and pelvis. The median
factors have been evaluated. Among them, the internationdP!!oW-up time was 64 months (range, 24 to 120 months). Of the 149
prognostic index (IP1) reported by Shipp in 139%as been patients with aggressive .(|ntermed|ate- or high-grade) non-Hodgkin’s

. h . . _lymphoma, 109 were alive after follow-up for 88 to 120 months
accepted in many countries as a prognostic model that predic

airt I th linical for | di d high median, 68 months). The other 40 patients died from 1 to 34 months
airly well the clinical outcome for intermediate- an 1gn- (median, 12 months) after diagnosis.

grade non-Hodgkin’s lymphoma. The IPI model is based on 5 Plasma samples from 21 healthy volunteers with a mean age of 34
independent prognostic factors (age, performance status, NUjzars (range, 24 to 52 years) were analyzed for comparison. Samples
ber of extranodal sites, Ann Arbor stage, and serum lactatevere collected if the controls had not had fever within 1 week, were not
dehydrogenase concentration) and can identify patients witheceiving any medications, were not known to be pregnant, and did not
non-Hodgkin’s lymphoma in 4 different risk groups (ie, low [L], have a history of any chronic or acute illnesses.

low-intermediate [L-1], high-intermediate [H-1], and high [H] Venous blood samplesPeripheral venous blood samples were
risk). In an attempt to use the 1P model for treatment selectioncollected into sterile test tubes with heparin and placed on ice for at least
peripheral blood stem cell transplantation has been administ0 minutes to avoid platelet activation. The samples were centrifuged at
tered early in the treatment of the H-I and H risk groups toZ,QO@ for 15 mingtes at 4°C, filtered through a 0.22-pm microfilter
improve the outcome of non-Hodgkin's lymphoma. However, (Millipore, Molsheim, France), and stored aB0°C. _

more accurate prognostic factors are required, because Son& ELISA for human nm23-H1.Ninety-six—well plates (Corning 25805-

tients in the L and L-l risk h t ; Corning, Corning, NY) were coated with 50 pL of 2.5 pg/mL of
patients in the L and L-1 riSk groups have a poor ou come’monoclonal antirm23-Hlantibody (Seikagaku Co, Tokyo, Japan) in

whereas some in the H-I.and H risk groups have excellentso mmol/L bicarbonate buffer (pH 9.6) overnight, washed 4 times with
results. Because prognostic factors need to be assessed beffg,sphate-buffered saline (PBS), and incubated with 200 pL of 25%
treatment to design a therapeutic strategy, itis essential that thglock Ace (Dainihon Seiyaku, Oosaka, Japan) for 1 hour. Plasma
tests should be easy to perform and provide results promptly. samples were diluted 2-fold with PBS, and then 50 pL aliquots were
With regard to the prognostic value mm23-Hin malignant  added to the wells. After incubation at room temperature for 1 hour, the
lymphoma, we tried to use a quantitative assay system to deteetells were washed 4 times with PBS containing 0.05% Tween 20
nm23protein in the plasma of patients, because it was difficult(T-PBS). The samples were then incubated with polyclonal anti-
to obtain lymphoma cells without contamination by normal nm23-Hlantibody (Santa Cruz Biotechnology, Inc, Santa Cruz, CA),
cells. nm23 proteins are basically intracellular proteins, but washed 4 times with T-PBS, and incubated again with a 1:500 dilution
these are sometimes found in the conditioned medium of certaifif alkaline phosphatase-conjugated antirabbit 1gG _(Bio-Rad Lab,
tumor cells, although the secretion mechanism is unclear. W&!chmond, CA) for 1 hour. After washing 4 times with T-PBS, alkaline
established a method to determine the23-H1 protein in phosphatase activity was detected using diethanolamine as a substrate

| f patient ith i t h b and an alkaline phosphatase detection kit (Bio-Rad Lab). The absor-
plasma of patients with malighant lymphomas by enzyme-, ... \as measured at 405 to 415 nm with a correction wavelength of

linked immunosorbent as.say (E_USA)' _The plasma_ level Of620 to 630 nm using a microplate-ELISA reader. Recombimani23-
nm23-H1 was elevated in patients with aggressive Non-y1.GsT protein (kindly provided by Prof H. Shiku, Nagasaki Univer-
Hodgkin’s lymphoma, and the plasma level was significantly sjty, Nagasaki, Japan) was used as the starfd@?d.

correlated with the clinical outcome, suggesting thia23-H1 Figure 1A shows the standard curve flam23-H1protein in this
may be a valuable prognostic factor for predicting the outcomeassay, which specifically detectsn23-H1protein but notnm23-H2
in aggressive non-Hodgkin’s lymphoma. protein, which has 88% amino acid sequence identitym®3-H1 We
first examined thexm23-H1levels in the 2-fold—diluted plasma; next,
MATERIALS AND METHODS for samples exhibiting higher levels outside of the linear range, a

Patients. nm23-Hiwas measured in 201 consecutive untreated "UMPer of dilutions (2-, 4-, 8-, 16-, and 32-fold) were performed. We
patients who were diagnosed and treated at the First Department dPtained similar results when we used serum instead of plasma (Fig
Internal Medicine, Toho University School of Medicine (Tokyo, Japan) 1B)- Thenm23-Hlprotein levels of all the normal plasma samples used
from 1987 to 1996. Of these 201 patients, 184 had non-Hodgkin's(" = 21) were lower than 10 ng/mL, whereas those of the aggressive
lymphoma. Thirty-five patients had low-grade, 147 had intermediate-Ymphoma varied (Fig 1C). Nucleoside diphosphate kinase activity, one
grade, and 2 had high-grade lymphoma according to the Working®f the activities om23protein, could be detected in human plasma,
Formulation schem®. Nine of the remaining cases had Hodgkin's probably due to a limited in vivo lysis of red blood celfsTherefore, to
disease, and 8 had adult T-cell leukemia/lymphoma. Clinical stagingexclude the possible effect of hemolysis, we measured the contents of
was performed according to the Ann Arbor classification sygfem. free plasma hemoglobin as a marker of hemolysis. Free plasma
Evaluation included a complete history and physical examination: cheshemoglobin was determined according to the method desctiEue
roentgenography; bone marrow aspiration and biopsy; computed tomogdeVels of free plasma hemoglobin in all of the plasma samples used were
raphy of the chest, abdomen, and pelvis; hemogram and differentialess than 120 pug/mL (Fig 1C). We examined the relation between levels
counts; and routine biochemical tests. One hundred eighty patients weref nm23-H1 protein and free hemoglobin in human red blood cell
treated with combination chemotherapy. Patients with intermediate- oextracts. Although a significant level am23-H1protein was detected
high-grade lymphoma and disseminated disease were treated witht a higher concentration of free hemoglobin/red blood cell extract, no
cyclophosphamide, vincristine, prednisone, bleomycin, doxorubicin,significant levels oihm23-H1protein were detected at concentrations
and procarbazine (COP-BLANS or with biweekly COP-BLAM with lower than 120 pg/mL (Fig 1C). Soluble interleukin-2 (IL-2) receptor
granulocyte colony-stimulating fact#f. Low-grade lymphoma was was measured with a sandwich ELISA as described in the liter&ture.
treated with cyclophosphamide, vincristine, and prednisone (COP) oSoluble CD44 was measured with a sandwich ELISA using the
COP-BLAM. In addition to chemotherapy, 74 patients received mega-sCD44std ELISA kit (Bender MedSystems, Vienna, Austria).
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Fig1l. ELISA for human nm23-H1 protein in plasma. (A) Demonstra-
tion of the quantitative nature of this system. The linearity of the
quantitation of nm23-H1 protein, but not nm23-H2 protein, was
determined using recombinant nm23 fusion protein. (B) Detection of
nm23-H1 protein in human plasma/serum diluted with PBS. (C)
Plasma nm23-H1 levels and free hemoglobin levels in 149 aggressive
lymphomas (), 21 healthy controls (@), and blood red cell extracts
with various amounts of free hemoglobin (A).

Statistical analysis. The response to treatment was documented on

3543

interval from the initiation of therapy to the time of death or the last
follow-up. Progression was defined as a 25% increase in the product of
the 2 largest diameters of the tumor. Progression-free survival (PFS)
was calculated from the date of entry into the study to the date of the
first physical or radiographic evidence of disease progrssion, death, or
the last follow-up visit. Survival analysis was performed according to
the Kaplan-Meier methotf. The statistical significance of differences
among curves was determined by the log-rank and generalized Wilcox-
on’s tests’’ Differences between groups were evaluated by the Mann-
Whitney U-test (nonparametric analysi)and P < .05 indicated
significance. A multivariate analysis of the prognosis was performed
using Cox’s proportional-hazards regression mé@lélll calculations
were performed with SAS software, version 6.10 (SAS Institute, Cary,
NC).

RESULTS

Measurement of nm23-H1 protein in plasma of patients and
healthy controls. The plasma level ohm23-Hlwas signifi-
cantly elevated in patients with malignant lymphoma=(1201,
mean= SD; 42.91+ 59.69 ng/mL) compared with that in the
healthy controls (= 21, 6.13=+ 4.13 ng/mL;P = .0001). The
plasma levels ohm23-H1lin Hodgkin’s lymphoma (n= 9,
20.33+ 17.15 ng/mL;P = .0195), low-grade non-Hodgkin’s
lymphoma (n= 35, 18.93+ 19.33 ng/mL;P = .0175 ),
intermediate- and high-grade non-Hodgkin’s lymphoma=(n
149, 50.73 = 66 ng/mL; P = .00001), and adult T-cell
leukemia/lymphoma (& 8, 27.65+ 28.68 ng/mL;P = .0017)
were significantly higher than those in the healthy controls. The
plasma level ofnm23-H1in intermediate- and high-grade
non-Hodgkin’s lymphoma was especially high and was signifi-
cantly higher than that in low-grade non-Hodgkin’s lymphoma
(P = .007; Fig 2). However, there was no significant difference
in the nm23-H1level between high- and intermediate-grade
(P = .94) or among the subtypes of intermediate- and high-
grade lymphoma such as diffuse large, diffuse mixed, diffuse
small cleaved cell, lymphoblastic, etc (data not shown), indicat-
ing that the plasma level aim23-H1is independent of the
Working Formulation grade in aggressive non-Hodgkin’s lym-
phoma.

nm23-H1 and clinical characteristics in aggressive lym-
phoma. Table 1 shows the clinical characteristics of the 149
patients with intermediate- and high-grade non-Hodgkin’s lym-
phoma. An elevated plasma levelmh23-H1before treatment
was correlated with poor prognostic features, such as a poor
performance status, Ann Arbor stage Il or IV, T-cell type, and
an elevated serum level of soluble IL-2 recept®r( .02 for all
comparisons, Mann-Whitney U-test; Table 1). There was no
significant difference in the proportion of patients with high
nm23-H1llevels between the & L-I risk group and the H-H-

H risk group according to the IPI score & .24; Table 1). The
plasmanm23-H1llevel was 34.9+ 40.6, 52.1+ 66.7, 54.2+
81.9,and 78.8& 63.2 ng/mLin the L (n= 35), L-I (n = 65), H-1
(n=37),and H (n= 12) risk groups according to the IPI scores,
respectively. The mean level tended to increase as the risk
increased, but there was no statistically significant difference

completion of chemotherapy. CR was defined as the absence qu= .065).

detectable disease based on clinical, radiologic, and histologic criteria.

Partial remission (PR) required a greater than 50% reduction of tumo
volume. The duration of CR was calculated from the completion of

CR was achieved in 126 (84.6%) of the 149 patients, and the
mean level of these 126 patients was 37438.55 ng/mL of
nm23-H1in plasma at diagnosis, which was significantly lower

chemotherapy to relapse or the last follow-up. Overall survival was thethan the mean of those who showed a PR or failed to respond
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1501 6.7% and 79.5%, respectivell & .0001 for both the log-rank
test and generalized Wilcoxon’s test), with PFS values of 20.6%

! Kok * ! and 73.0%P = .0001 for both the log-rank test and generalized
! ' Wilcoxon's test; Fig 4). Even though the uppper limit of normal

* o | e plasmanm23-H1level was 14.39 ng/mL, as described above,
I [ the levels elevated enough to affect severely the survival and to

select accurately the intractable non-Hodgkin’s lymphoma were
greater than 50 ng/mL (data not shown). Because the statistical
significance of 80 ng/mL and 100 ng/mL for survivé &
.0001 for the log-rank test) was greater than that of 50 ng/mL
(P = .0013), we chose 80 ng/mL as a cut-off value for further
analysis.

We evaluated the significance of the plasma23-H1llevel in
patients classified according to the IPI. In the+LL-I risk
groups, both overall survival (Fig 5A) and PFS (Fig 5B) were
worse for patients with amm23-H1level of 80 ng/mL or
greater than for patients with a level less than 80 ng/ml=(

50 .0001 for both the log-rank test and generalized Wilcoxon’s
test), indicating that the therapeutic outcome was worse when
the nm23-H1llevel was high. Similar results were obtained in

100

Concentration of nm23-H1 (ng/ml)

Table 1. Correlation of Plasma Levels of nm23-H1 With Clinical and
Prognostic Characteristics in Intermediate- and High-Grade
Non-Hodgkin’s Lymphoma

ﬁ ‘[ No. of Median nm23-H1 P
Characteristic Patients Level (ng/mL) Value*
0 T T T - T T Age at diagnosis (yr)
L o o e ™ 4 s 1 s
=9  (n=35) NHL =60 90 30.5
(n=149) Gender
Fig 2. Plasma levels of nm23-H1 protein in maligngnt lymphoma iieale 2: 23401 1.0000
(n = 201) and healthy controls (n = 21; P = .0001, Wilcoxon'’s test). ’
Upper and lower lines indicate the 10th and 90th percentiles, and WHO performance status
boxes indicate the 25th and 75th percentiles. The line through each 0,1 131 28.4 -0069
box indicates the median. NHL, non-Hodgkin’s lymphoma; ATLL, 2~4 18 58.8
adult T-cell leukemia/lymphoma; NS, not significant. *P < .05; Serum LDH level
***P < .001; ****P < .0001. Normal 39 23.2 .0926
>Normal 110 334
(93.60 + 98.62 ng/mL, P = .0001), suggesting a close AnnArborstage
relationship between the plasma levehai23-Hland therapeu- :iI”IV Z; géz 0176
tic responsiveness. . . . . Extr:':modal sites .
. nm23-H1 and surylval. The 149 patlent.s with aggressive <1 141 29.6 4310
(intermediate- and high-grade) non-Hodgkin's lymphoma were  _; 8 523
divided into 2 groups with different plasnmmn23-H1llevels. We 1Pl
tried to set the various cut-off points over 14.39 ng/mL, which  Low/low-intermediate 100 28.7 2429
was the upper limit in controls plasma (6.132 SD). The High-intermediate/high 49 32,5
cut-off points used here were 14.39 ng/mt1(4.39 [n= 44]v Immunophenotype
=14.39 [n= 105]), 50 ng/mL €50 [n = 103]v =50 [n = 46]), T 37 39.1 0145
80 ng/mL 80 [n = 121]v =80 [n = 28]), and 100 ng/mL B 112 28.1
(<100 [n= 132] v =100 [n = 17]). All of the cut-off values Soluble IL-2 receptor level
o . : (UmL)
showed significant prognostic effects (data not shown). Figure 3 ~1.000 83 44 0018
shows the results using 14.39 ng/mL as a cut-off value. The 21:000 66 411 ’
5-year survival rates for the higk=(4.39 [n= 105]) and low Soluble CD44 level (ng/mL)
nm23-H1lgroups €14.39 [n= 44]) were 49.2% and 90.6%, <1,000 95 28.2 4932
respectively P = .0001 for both the log-rank test and general-  =1,000 17 35.0
ized Wilcoxon’s test), with PFS values of 56.2% and 81.6% Therapeutic response
(P = .0012 for the log-rank test arfl= .0003 for generalized CR 126 37.4 .0001
Wilcoxon's test; Fig 3). Figure 4 shows the results using 80 PR + nonresponse 23 93.6

ng/mL as a cut-off value. The 3-year survival rates for the high abbreviation: LDH, lactate dehydrogenase.
(=80 [n= 28]) and lownm23-H1groups &80 [n = 121]) were *Mann-Whitney test.
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Fig3. Overallsurvival (A)and Q- Log-Rank Test p=0.0012
PFS (B) curves of patients with . _
intermediate- and high-grade Wilcoxon Test  p=0.0003
non-Hodgkin’s lymphoma. High
nm23-H1 (=14.39 ng/mL) pa-
tients (n = 105) had a worse 0 T T T T T T T T T 1
prognosis than low nm23-H1 0 1 2 3 4 5 6 7 8 9 10
(<14.39 ng/mL) patients (n =
44) years

the H-I + H risk groups (Fig 5C and D). Thus, we could predict IL-2 receptor level were also significantly correlated with PFS
the therapeutic outcome in both risk groups of IPI using the(P < .05; Table 2).

cut-off value 80 ng/mL at diagnosis. Multivariate analysis of prognostic factors in aggressive

Prognostic factors in a univariate analysis in aggressive lymphoma. The 8 prognostic factorsn(n23-H1 level, age,

lymphoma. The univariate analysis for intermediate- and performance status, lactate dehydrogenase level, IPI score,
high-grade non-Hodgkin’s lymphoma @ 149) showed that immunophenotype, soluble IL-2 receptors level, and soluble
the plasmanm23-H1level, age, performance status, lactate CD44 level) that proved to be significant in the univariate
dehydrogenase level, IPI score, immunophenotype, solublanalysis were further evaluated for their association with
IL-2 receptor level, and soluble CD44 level were significantly survival by a multivariate analysis using Cox’s proportional
correlated with overall survivalR < .05; Table 2); among hazard model. This analysis showed that, in patients with
these, thenm23-H1 level, age, performance status, lactate intermediate- and high-grade non-Hodgkin's lymphoma, the
dehydrogenase level, IPI score, immunophenotype, and solublglasmanm23-H1level was the most important independent
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Overall Survival
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PFS (B) curves of patients with
intermediate- and high-grade
non-Hodgkin’s lymphoma. High
0 T T T T T T 1 T Y d nm23-H1 (=80 ng/mL) patients
0 1 2 3 4 5 6 7 8 [¢] 10 (n = 28) had a worse prognosis
than low nm23-H1 (<80 ng/mL)
years patients (n = 121).

prognostic factor (Table 3). Regarding the association with PFSlevel was an independent prognostic factor that could predict
7 factors oim23-H1 level, age, performance status, lactate both the overall survival and PFS.

dehydrogenase level, IPI score, immunophenotype, and soluble
IL-2 receptors level) were studied. An elevated plasm23-H1

level was identified as the most important prognostic determi- Based on the biological activity ohm23 proteins for a
nant similar to the performance status for poor PFS (Table 3)differentiation inhibitory factor, we previously investigated the
An additional multivariate analysis was used to assess theelative levels ofnm23-Hland nm23-H2transcripts in AML
association of the 5 prognostic factors used to calculate the IPtells. These transcripts were overexpressed in AML cells, and
score and the plasmam23-H1level with survival and PFS an elevatedim23-H1lexpression level predicted the prognosis
(data not shown). These results indicated that ih&3-H1  of AML. 356 Most recently, it has been reported timemn23-H1

DISCUSSION
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Fig 5. Overall survival and PFS curves of patients with intermediate- and high-grade non-Hodgkin’s lymphoma. (A and C) Overall survival of
patients in the low and low-intermediate (L + L-I) risk and high-intermediate and high (H-I + H) risk groups based on the IPI, respectively. (B and
D) PFS of patients in the L + L-l and H-I + H risk groups based on the IPI, respectively.

overexpression (protein and mRNA) correlates with a highlevel may be a weak prognostic factor, whereas the combination
relapse rate and a short survival in acute lymphoblastic leukeef the nm23-H1 and nm23-H2 mRNA levels is a better
mia% In the present investigation, we found that an elevatedprognostic factor than that ofn23-Hlalone? We are interested
plasmanm23-H1protein level had prognostic value in aggres- in thenm23-H2plasma level in addition to them23-H1plasma
sive non-Hodgkin's lymphoma. On the other hand, reducedevel in aggressive lymphoma, although we have not yet
nm23-Hlexpression has been associated with reduced survivaducceeded in making the assay system specifiafio23-H2
or with other histopathological indicators of a high metastaticThe prognostic value of them23-H2plasma level and the
potential in cohorts of breast, ovarian, cervical, gastric, andrelative ratios of the two proteins are currently under investiga-
hepatocellular carcinoma and melanothtdowever, an oppo- tion.
site trend has been identified in neuroblastoma and pancreatic In the present study, we found tham23-H1protein was
carcinom&. Although the reason for these differences is un-elevated in the plasma of patients with intermediate- and
known, it might be worth examining the prognostic value of the high-grade non-Hodgkin’s lymphoma. Then23-H1level was
plasma nm23-H1 level in several solid tumors in which closely associated with the response to treatment; patients with
nm23-H1lis overexpressed, as in acute leukemias. a low level ofnm23-H1frequently achieved CR, whereas a high

It has been suggested thain23 proteins can affect gene level was closely associated with poor survival among unse-
transcriptiont® nm23-H2was cloned as a DNA-binding protein lected patients with intermediate- and high-grade non-Hodgkin's
with a transactivating function that was identical to that of the lymphoma in treatment with the COP-BLAM regimen. A high
previously describea-myc transcription factor Puf® More- nm23-H1llevel was strongly associated with a poor perfor-
over,nm23-HZPuF has been confirmed to play a roleimyc  mance status and a high Ann Arbor stage, but not with the
activation in Burkitt's lymphoma, in which the oncogene is Working Formulation grade, suggesting that the plasma3-H1
activated as a result of translocation involving thenycgene  level may be correlated with lymphoma dissemination or
and an Ig gené! We have not yet examined the expression possibly with the tumor burden rather than with the biological
levels of plasmaam23-H2or evaluated its prognostic effect in aggressiveness of lymphoma.
lymphoma. In AML, we have reported that th23-HZmRNA Recently, mutations of the p53 gene have been shown to be
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Table 2. Prognostic Factors in a Univariate Analysis
No. of 3yr PValue 3yr PValue
Characteristic Patients Survival (%) Wilcoxon Test Log-Rank Test PFS (%) Wilcoxon Test Log-Rank Test

Age at diagnosis (yr)
<60 59 80.2 .0096 .0055 74.9 .0343 .0314
=60 90 54.5 57.7

Gender
Male 84 64.2 .9083 .8921 59.6 7351 14104
Female 65 67.9 71.8

WHO performance status
0,1 131 71.8 .0001 .0001 69.8 .0001 .0001
2~4 18 0.0 22.0

Serum LDH level
Normal 39 85.7 .0160 .0101 80.7 .0447 .0301
>Normal 110 58.2 58.4

Ann Arbor stage
Ll 61 69.4 .1167 .2022 65.6 .1923 .3998
1, v 88 62.6 64.2

Extranodal sites
=1 141 66.5 .1283 .1995 65.7 .2874 .2175
>1 8 51.4 41.7

IPI
Low/low-intermediate 100 73.8 .0021 .0016 69.7 .0245 .0273
High-intermediate/high 49 45.6 53.0

Immunophenotype
T 37 41.1 .0065 .0023 49.7 .0232 .0214
B 112 72.7 69.3

Soluble IL-2 receptor level (U/mL)
<1,000 83 76.0 .0002 .0006 73.9 .0080 .0063
=1,000 66 50.6 50.0

Soluble CD44 level (ng/mL)
<1,000 95 65.8 .0321 .0554 64.2 .1016 .1449
=1,000 17 51.5 52.9

nm23-H1 level (ng/mL)
<80 121 79.5 .0001 .0001 73.0 .0001 .0001
=80 28 6.7 20.6

Table 3. Multivariate Analysis by Cox’s Proportional Hazards Model

on Intermediate- and High-Grade Non-Hodgkin’s Lymphoma

Estimate P Hazards
Category Value = SE  Value  Ratio
Overall survival

nm23-H1 (<80/=80 ng/mL) 1.96 = 0.39 .0001 7.087
Age (<60/=60 yr) 1.35 +0.49 .0053 3.877
Performance status (0, 1/2 ~ 4) 1.05 + 0.54 .0511 2.847
Immunophenotype (T/B) 0.42 £0.43 .3293 1.519
Soluble CD44 (<1,000/=1,000 ng/mL) 0.39 * 0.49 .4278 1.473
IPI (L, L-I/H-1, H) 0.18 £ 0.53 .7394 1.192

Soluble IL-2 receptor (<1,000/=1,000
U/mL) 0.18 £0.53 .7394 1.192
LDH (normal/>normal) 0.12 £ 0.62 .8428 1.132

PFS

nm23-H1 (<80/=80 ng/mL) 1.48 = 0.33 .0001 4.400
Age (<60/=60 yr) 0.67 = 0.38 .0753 1.955
Performance status (0, 1/2 ~ 4) 1.52 + 0.43 .0004 4.573
Immunophenotype (T/B) 0.37 £0.33 .2710 0.693
IPI (L, L-I/H-1, H) 0.35 £ 0.45 .4432 0.707

Soluble IL-2 receptor (<1,000/=1,000
U/mL) 0.17 £ 0.36 .6408 1.185
LDH (normal/>normal) 0.58 = 0.48 .2244 1.793

associated with a poor prognosis in patients with aggressive
B-cell lymphoma*? However, p53 mutations have not been
shown to have any prognostic value in patients in the H-l and H
risk groups of the IPI. Therefore, we assessed the association of
thenm23-Hlevel with overall survival and PFS after stratifica-
tion by the IPI score. As shown in Fig 5, the the plasma
nm23-H1level had significant prognostic value in both the-L

L-1 risk and H-I + H risk groups of the IPI. Both overall
survival and PFS decreased in association with an increase in
thenm23-H1level (=80 ng/mL) in 18 of the 100 patients in the

L and L-I risk group and in 10 of the 49 patients in the H-land H
risk group. The CHOP regimen was associated with a CR rate of
87% in the Lrisk group, but this rate decreased to 67% in the L-I
risk group?® Although this regimen has been recommended as
standard chemotherapy for L risk patients, it is not necessarily
sufficient for L-I risk patients. Therefore, we should not be
satisfied with using this regimen, and our efforts should be
directed toward the development of a new therapeutic strategy
for L-I risk non-Hodgkin's lymphoma to improve the clinical
outcome. Standard chemotherapy was unsatisfactory for H-I
and H risk patients. However, high-dose chemotherapy with
peripheral blood stem cell transplantation has achieved excel-
lent results in clinical trials and has proved reasonably €fe.
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Such high-dose chemotherapy should also be considered fdwmannm23nucleoside diphosphate kinase genes localized on chromo-
patients with L and L-I risk non-Hodgkin's lymphoma if the some 16p13. Hum Genet 99:550, 1997
nm23-H1 level is greater than 80 ng/mL and the clinical 13- MunierA, Feral C, Milon L, Pinon VP-B, Gyapay G, Capeau J,
outcome by standard chemotherapy is predicted to be poor. ~ Guellaen G, Lacombe M-L: Anew human nmz23 homologueZ3-H3

The prognosis of intermediate- and high-grade non-Hodgkin’SSpecmcany expressed in testis germlnal cells. FEBS Lett 434:28.9 1998
lymphoma has improved as a result of recent progress in 14. Gilles AM, Presecan E, Vonica A, Lascu |: Nucleoside diphos-

h . h H h i bl é)hate kinase from human erythrocytes. J Biol Chem 266:8784, 1991
therapeutic strategies. However, there are still intractable cas 815. Chandrasekharappa SC, Gross LA, King SE, Collins FS: The

that either fail to respond to initial treatment with standard humarNME2gene lies within 18kb dKMELin chromosome 17. Genes

chemotherapy (CHOP and COP-BLAM regimen) or recur afterchromosomes Cancer 6:245, 1993

CR. Recently, prognostic factor models have been used to 16. Backer JM, Mendola CE, Kovesdi I, Fairhurst JL, O'Hara B,

individualize treatment. The elevation of plasnra23-H1lmay Eddy RL Jr, Shows TB, Mathew S, Murty VVVS, Changanti RSK:
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associated with intractability of the disease. Thm23-H1  of human metastasis-suppressor gevigi23-1andNM23-2 Oncogene

protein can be easily determined by ELISA, and the assay caf497, 1993 _ _

be performed within several hours if a plasma sample is 17- OkadaK, Urano T, Goi T, Baba H, Yamaguchi A, Furukawa K,
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. i . eterozygosity In primary colorectal carcinomas using a Sspecific

level may help guide the practitioner to select an appropnategenomic probe. Cancer Res 54:3979, 1994
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