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Serum thiobarbituric acid (TBA) reactivity for lipoperoxidation products was assessed at diagnosis in 
children with T-cell and common acute lymphocytic leukemia (ALL) and T-lymphoblastic lymphoma. 
Comparisons were made among these groups and with healthy controls. Mean TBA reactivity (pmol 
malondialdehyde/L serum) was increased (P < 0.01) in the T-cell leukemia group versus common ALL 
and T-lymphoblastic lymphoma patients and controls, respectively. The increase in lipoperoxidation prod- 
ucts in T-cell ALL appeared to bear a positive relation to peripheral leukocyte counts, and was accompanied 
by increased serum prostaglandin E2 (PGE2) levels in most representative cases. Indomethacin added to 
a childhood T-cell ALL line (SUP-T3), at a concentration known to inhibit prostaglandin synthesis in 
vilro (Le., 3 pg/mL), effected significant increases in the numbers of natural killer (NK Leu-ll+ and 
Leu-19+) cells (P < 0.01) and B-lymphocytes (P < 0.05), and significant decreases in cell viability (P 
< 0.01). Indomethacin may be a useful agent for enhancing the antileukemic immune response in T- 
cell ALL. 
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ROSTAGLANDINS exert a regulatory influence on the P immune system. Those prostaglandins of the E series 
inhibit mitogen-induced lymphocyte transformation.' In 
addition, helper T-cells appear to be particularly vulner- 
able to the inhibitory effects of prostaglandin E2 (PGE2) 
in terms of their random migration; proliferation in re- 
sponse to recombinant interleukin-2 (IL-2); and genera- 
tion of IL-2.2-4 Lipid peroxides, which can trigger PGE2 
production through activation of phospholipase A2 and 
cyclo-oxygenase,s also inhibit mitogen-induced lympho- 
cyte Furthermore, aldehydic by-prod- 
ucts of prostaglandin synthesis and lipopero~idation~ have 
the potential to interfere with Class I1 (Ia) molecule-as- 
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sociated antigen presentation to helper T-cells;" and 
therefore, with the expected activation of this limb of im- 
m ~ n i t y . ~ , "  

Because natural killer (NK) cells depend on lym- 
phokines such as IL-2 and interferon from helper T- 
 cell^'^-'^ for enhanced cytotoxicity, it seems logical to 
expect those disease states accompanied by excessive li- 
poperoxidation and PGE2 synthesis to show reduced NK- 
cell activity. Furthermore, the evidence of a potential role 
for the NK-cells in host defense against malignant tu- 
m o r ~ , ' ~ - ' ~  combined with our ability to bolster antioxidant 
defenses and reduce prostaglandin synthesis, makes the 
identification of such states desirable. The recent report 
by Mageed et of reduced NK-cell numbers and ac- 
tivity in the peripheral blood of children with acute leu- 
kemia at diagnosis renders this an ideal patient population 
in which to look for a possible association with increased 
serum lipid peroxides and PGE2 concentrations. 

We report the finding of an increased TBA reactivity 
for lipoperoxidation products in the sera of children with 
T-cell versus common acute lymphocytic leukemia (ALL), 
T-lymphoblastic lymphoma, and controls. and demon- 
strate that this phenomenon is related, at least in part, to 
the number of circulating leukemic blasts. We also provide 
evidence that the increase in lipoperoxidation products 
in T-cell ALL is accompanied by, and correlates with, 
elevated serum PGE2 levels in most representative cases 
and we establish indomethacin, an inhibitor of cyclo-ox- 
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ygenase activity,20 as an effective agent in the restoration 
of NK-cell and B-lymphocyte numbers to normal in a T- 
cell leukemic line, and in the reduction of the viability of 
this leukemic line. 

Materials and Methods 

Study Population 

Informed consent was obtained from the legal guardians 
of patients and controls before their entry to this study. 
Seventeen children with ALL ( 12 boys and five girls) were 
included in the immunophenotypic category of T-cell 
ALL, and 22 children ( I2  boys and ten girls) were in the 
immunophenotypic category of common ALL. Three fe- 
male patients had a mediastinal mass without involvement 
of the peripheral blood and bone marrow. Biopsies of the 
mass in two cases and of supraclavicular lymph node in 
the third were read as lymphoblastic lymphoma; the im- 
munophenotype of the biopsied mediastinal tissue showed 
a T-lineage in both cases. A control group of comparable 
age was assembled. It comprised fourteen children (six 
boys and eight girls) who were to undergo elective otorhi- 
nolaryngologic procedures and who had preoperative lab- 
oratory testing. 

Patient preparation before obtaining the blood speci- 
mens in the T-cell and common ALL groups included, 
in most cases, intravenous glucose (usually D5W 1/4 NS); 
transfusions with platelets or washed, packed erythrocytes 
were administered when indicated. Most of the patients 
also received allopurinol but none had received antileu- 
kemic therapy. Phlebotomies were done on the controls 
at varying times throughout the day without regard to 
prandial circumstance (i .e. ,  not fasting). 

Immunophenotyping 

Immunophenotypes were done on the leukemic bone 
marrow cells in 29 cases at diagnosis using monoclonal 
antibodies directed against the following antigens: HLA- 
DR or la; CALLA; and Leu-1 and Leu-9 (Becton Dick- 
inson Monoclonal Center, Mountain View, CA). The 
methodology used involved separation of mononuclear 
cells on a Ficoll-Hypaque gradient; incubation of 1 X lo6 
cells with 200 pl of one of these antibodies according to 
an indirect immunofluorescent procedure: and the count 
of the percentage of positive cells using epiillumination 
fluorescent microscopy. Replicate samples of these twenty- 
nine bone marrow specimens and ten additional cases of 
T-cell ALL were immunophenotyped by flow cytometry. 

Biopsy material of the mediastinal mass was available 
for immunophenotyping in two of the patients with lym- 
phoblastic lymphoma. This was done using a panel of 
monoclonal antibodies that included anti-leu- 1 through 

anti-Leu-6 and anti-Leu-9 (Becton Dickinson Monoclonal 
Center, Mountain View, CA). 

Laboratory Analyses 

Routine hemograms were obtained at diagnosis on all 
patients by conventional methodologies. Bone marrow 
aspirates and peripheral blood smears were stained with 
Wright's-Giemsa and examined by light microscopy. 

Serum specimens from all groups were kept frozen at 
-70°C until immediately before analysis. Aliquots of such 
specimens were assayed for lipoperoxidation products by 
determining TBA reactivity according to the method by 
Thayer.2' Briefly, serum lipoperoxides and their Schiff 
base derivatives were hydrolyzed by being boiled in dilute 
H2S02'-23 and then extracted in n-butanol. Malondial- 
dehyde (MDA), one of the hydrolysis products, reacts with 
TBA to form an MDA (TBA)2 adduct. Additional adducts 
with derivatives of plasmalogens and other aldehydes such 
as beta-formylpyruvic acid, a product of oxidized sialic 
acids, have been proposed and are p o s ~ i b l e . ~ ~ , ' ~  The ab- 
sorbance of the resulting chromogenic adducts was mea- 
sured in a spectrophotometer at 532 nm relative to a ref- 
erence at 590 nm," and then converted to moles of MDA 
using an absorptivity coefficient of 1.5 X lo5 M-'cm-'. 
Pooled human sera and serum from cord blood served as 
normal and elevated controls, respectively, for the assay 
system. 

Aliquots of sera from seven cases of each of the ALL 
groups and the patient controls were assayed for prosta- 
glandin E2 (PGE2) concentration. The procedure is based 
on a radioimmunoassay reported by Dray et Each 
run includes a stripped patient sample as a baseline (it?., 
one in which prostaglandins have been removed); a spiked 
sample (one to which a known concentration of prosta- 
glandin has been added); and both normal and abnormal 
patient samples as controls. 

In Vitro Studies 

Cells from a childhood T-cell leukemic line (SUP-T3) 
were maintained in RPMI 1640 medium with L-gluta- 
mine (Flow Lab, Mclean, VA) that was supplemented 
with 10% fetal calf serum and 20 mM HEPES (N-2-hy- 
droxyethylpiperazine-N-2-ethane sulfonic acid). Cell 
counts were done using a hemocytometer, and cell via- 
bility was assessed by the Trypan Blue exclusion test. 

A stock solution of indomethacin (Sigma Chemical Co., 
St. Louis, MO) was prepared in absolute ethanol at a con- 
centration of 10 mg/mL. Aliquots of the stock solution 
were diluted additionally in RPMI 1640 medium to the 
desired concentrations. For experiments, cells were seeded 
at 2.5-5.0 X 105/mL in individual Petri dishes with com- 
plete RPMI 1640 medium in the presence of 0.0, 1.0, 
2.0, or 3.0 Wg/mL of indomethacin. The final concentra- 
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TABLE 1. Serum Lipoperoxidation Products and Peripheral 
Counts in T-cell ALL Patients Versus Common ALL, 

T-Lymphoblastic Lymphoma, and Control Subjects 

TBA 
reactivity 

Study group counts ( 109/1) MDA/I) 
Leukocyte (WOl 

T-cell ALL (17)* 205.0 f 46.2"t 4.01 f 0.22' 
Common ALL (22) 23.6 +- 8.2b 1.72 k 0.14' 
T-lymphoblastic lymphoma ( 3 )  4.8 f 1.6' 1.83 It 0.4OS 
Control subjects (14) 8.2 f O S d  1.52 f 0.1 I h  

ALL: acute lymphocytic leukemia; TBA: thiobarbituric acid; MDA: 

* Numbers in parentheses = number of patients in the study. 
t Numerical data expressed as mean k standard error of the mean. 
P values: P < 0.01 in a versus b, a versus d, e vc'r.sus f, e versus g, and 

malondialdehyde. 

e v e r m  h. 

tion of ethanol in each culture was adjusted to 0.03%. 
Cells were cultured at 37°C in an atmosphere of 5% CO;? 
in air. 

After 4 days, the cells from individual experiments were 
harvested by being washed three times in phosphate buf- 
fered saline (PBS) and resuspended in 1 .O ml of PBS. Cell 
counts were done on the Technicon H 1 0  system (Tech- 
nicon Instruments Corporation, Tarrytown, NY) and cell 
viability was determined by the Trypan Blue exclusion 
test. Immunophenotyping was done using the following 
monoclonal antibodies: anti-Leu- 1 I ,  anti-Leu- 19 and 
anti-B4 (Becton Dickmson Monoclonal Center, Mountain 
View, CA). 

Statistical Analyses 
Numerical data were represented as mean * standard 

error of the mean (SEM) when applicable. Correlation 
coefficients determined by linear regression analysis, Stu- 
dent's t test, and chi-square analysis with contingency table 

were done using a microstat program on an IBM com- 
puter. 

Dem ngraph ics 

The mean ages in our study groups were as follows: T- 
cell ALL = 7.9 k 1.0 years; common ALL = 4.4 k 0.7 
years; T-lymphoblastic lymphoma = 7.7 Ifr 3.5 years; and 
controls = 6.7 k 0.7 years. 

Serum Lipoperoxidation Products 

All 17 patients in the T-cell ALL group had a serum 
TBA reactivity that was greater than two standard devia- 
tions above the mean of our control population (k., 
> 2.38 pmol MDA/L), whereas only three of the 22 sera 
from the common ALL patients exceeded this limit. Chi- 
square analysis showed this difference to be highly sig- 
nificant at P = 0.006. 

In addition, mean TBA reactivity (pmol MDA/L 
serum) was increased ( P  < 0.01) in the T-cell ALL group 
versus common ALL patients, T-lymphoblastic lym- 
phoma patients, and controls, respectively. This was ac- 
companied by significantly higher (P < 0.01) mean pe- 
ripheral leukocyte counts in the T-cell ALL group versus 
common ALL patients and controls, respectively (Table 
1 ). Correspondingly, linear regression analysis of leukocyte 
counts in the peripheral blood versus TBA reactivities in 
T-cell and common ALL gave correlation coefficients (r 
values) of +0.59 (Figure 1) and -0.12, respectively. 

Serum Lipoperoxidation Products 
and PGE2 Concentrations 

Although both the mean PGE2 concentration in seven 
cases of T-cell ALL and the corresponding mean TBA 

2 
y = - 300.35 + 126.04~ R = 0.348 

cno 
0 

0 
0 I 

400 1 0 

200 

lo0L 0 

FIG. 1. Correlation between pe- 
ripheral leukocyte count (WBC) and 
serum thiobarbituric acid (TBA) 
reactivity for lipoperoxidation prod- 
ucts in I7 patients with T-cell ALL 
of childhood (r value, +0.59). 

2 3 4 5 

TBA (pmol/L) 

6 
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TABLE 2. Serum Lipoperoxidation Products and Prostaglandin E2 
Levels in T-cell ALL Patients Versus Common ALL 

and Control Subjects 

TBA 
reactivity 

Study group Age (yr) EZ (pmol/l) MDA/I) 
Prostaglandin (ILmol 

T-cell ALL (7)* 6.3 f IS“? 2585 * 908d 4.07 ? 0.39g 
Common ALL (7) 5.6 f I.2b 1313 k 249‘ 1.35 f 0.16h 
Control subjects (7) 5.9 -+ ] . I c  802 & 94f I .80 * 0.13’ 

ALL acute lymphocytic leukemia; TBA: thiobarbituric acid: MDA: 

* Numbers in parentheses = number of patients in the study. 
t Numerical data expressed as mean f standard error of the mean. 
P values: P < 0.0 I in g versus h and g versus i; P < 0.10 > 0.05 in d 

malondialdehyde. 

versus f. 

reactivity in sera were higher than their respective values 
in common ALL and control groups, only the mean TBA 
reactivities were significantly different with the Student’s 
t test (Table 2). Nevertheless, chi-square analysis showed 
a statistically significant increase in the incidence of cases 
in the T-cell group, but not the common ALL group that 
had serum PGE? levels outside the two standard deviation 
range of the control group ( i e . ,  five of seven for T-cell 
ALL versus two of seven for common ALL versus zero 
of seven for the controls that were > 1299 pmol/L; P 
= 0.026). The elevated TBA reactivity for lipoperoxida- 
tion products ( i e . ,  > 2.38 ymol MDA/L serum) occurred 
in the absence of any increase in serum PGE2 concentra- 
tion, and appeared to correlate in a positive fashion (r 
value = +0.84) with rising values for the latter (Table 3). 
A morphologic concomitant of the increases in both 
serum TBA reactivity and PGE2 concentration in the T- 
cell ALL patients was the finding of contiguity between 
lymphoblasts and monocyte/macrophages in the bone 
marrow and peripheral blood (Figure 2). 

TABLE 3. Serum Prostaglandin E2 Levels Versus Lipoperoxidation 
Products in Seven Patients With T-cell ALL of Childhood 

Patient Prostaglandin E2 TBA reactivity 
no. (pmol/l) (pmol MDA/I) 

- 

1 
2 
3 
4 
5 
6 
7 

808 
964 

1538 
1858 
2525 
260 1 
780 1 

3.00 
3.2 1 
3.49 
3.60 
4.30 
5.23 
5.64 

ALL: acute lymphocytic leukemia: TBA: thiobarbituric acid; MDA: 

Correlation coefficient (r value) between TBA reactivity and prosta- 
malondialdehyde. 

glandin E2 levels = f0.84. 

FIG. 2. Satellitosis by lymphoblasts (arrows L) around a monocyte 
(M) in the bone marrow from a patient with T-cell ALL (Patient 7 in 
Table 3). Similar contiguity between lymphoblasts and monocytes was 
evident in the peripheral blood from the same patient (Wright’s-Giemsa, 
original magnification X 1000). 

In Vitro Eflects of Indoinethacin on a 
T- Cell Leukemic Line 

Indomethacin added to the T-cell leukemic line, SUP- 
T3, produced dose-response increases in Leu- 1 1 + and Leu- 
19’ NK cells and B4+ lymphocytes while decreasing cell 
viability (Table 4). 

Discussion 

The finding in this study of increased TBA reactivity 
at diagnosis in all 17 (100%) of the sera from patients with 
T-cell ALL, and in three of the 22 (approximately 14%) 
with common ALL suggests that l ipoper~xidat ion~~ is 
more characteristic of T-cell leukemia of childhood. The 
source of the lipoperoxides in T-cell leukemia is most 
likely the circulating T-lymphoblast. This conclusion is 
based on the following: the observation that a significantly 
higher mean peripheral leukocyte count ( P  < 0.01) ac- 
companied the increased serum TBA reactivity in the T- 
cell versus common ALL group; and a correlation coef- 
ficient of $0.59 between serum TBA reactivity and pe- 
ripheral leukocyte count in these T-cell cases (given that 
an r value between 0.30 and 0.60 raises the possibility of 
relationship).*’ In addition, our conclusion agrees with 
experimental observations that establish that human T- 
lymphocytes and stimulated murine T-lymphoma cells 
produce lipoxygenase products whose biochemical inter- 
mediaries and by-products include lipoperoxides.5~’3~2K8.29 

Furthermore, this association of increased TBA reac- 
tivity with T-cell leukemia is consistent with, and rein- 
forced by. the occurrence of a higher mean serum PGEz 
level and a statistically significant increase in the incidence 
of those T-cell patients, but not common ALL patients, 
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TABLE 4. In b'ilro Effects of lndomethacin on a Childhood T-cell Leukemic Line (SUP-T3) 

lmmunophenotyping 
lndornethacin Cell count 

(Ilg/ml) ( 103/@u Viability (a,) Leu I I +  (%) Leu 19+ (70) B4' (%) 

0.0 4.4 f 0.2 (3)"t 94.0 f 0.7 (4)p 3.8 ? 0.8 (4); 0.0 f 0.0 (4)" 2.0 * 1.2 (3)q 
1 .o 4.1 & 0.3 (3)b 89.0 f 1.3 (4)' 6.2 f 1.1 (4y 2.8 f 0.2 (4)" 3.0 f 0.6 (3)' 
2.0 4.3 f 0.6 (3)' 86.5 f 1.2 (4)g 10.5 & 1.8 (4)k 4.0 * 0.7 (4)" 6.3 f 0.9 (3)" 
3.0 3.8 f 0.5 (3)d 83.7 k 1.4 (6)h 20.0 * 2.2 (4)' 9.7 f 0.9 (6)p 12.7 t 3.0 (3)' 

( 

t Numerical data expressed as mean f standard error of the mean. 
P < 0.0 I in e versus g. e ver,siis h, i versus I, j versus I, m versus n, m 

): number of individual experiments involving that variable at the 
stated concentration of indornethacin. 

versus 0, rn ver.ws p. n versus p, and o versus p. 

verws t. and r biersits t. 
P < 0.05 in e verszts f, f vcrszis h, i versus k, k versus I. q versus s. q 

whose PGE2 concentration exceeds the upper limit of 
normal for controls (i .e. ,  7 1.4% incidence for T-cell ALL 
versus 28.6% for common ALL). To expand on this point, 
an increased incidence of elevated serum PGE2 concen- 
trations implies excessive activation of phospholipase A2 

and the subsequent cyclo-oxygenation of released ara- 
chidonic acid' in most of the T-cell patients. Based on 
the evidence that lipoperoxides activate both phospholi- 
pase A2 and cyclo-~xygenase,~ it is possible that PGEl 
synthesis in T-cell ALL has been triggered by the pro- 
duction of lipoperoxides. Such a sequence in T-cell ALL 
is consistent with our observations that increases in serum 
TBA reactivity for lipoperoxidation products occurred in 
the absence of any demonstrable increase in serum PGE2 
concentration, but then correlated positively with rising 
values for the latter (Table 3 ) .  

Hypothesis 

We believe that a likely source of the PGE2 in T-cell 
ALL of childhood would be interactions of the T-lym- 
phoblasts with monocytes and macrophages. This possi- 
bility is suggested by their physical proximity (Figure 2) 
and is consistent with the experimental observations of 
G ~ l d y n e . ~  The pathogenetic implications of an excessive 
production of lipoperoxides by T-lymphoblasts and of 
PGE2 by interacting monocytes/macrophages, with re- 
spect to the propagation of the leukemic process, are pro- 
found. Antileukemic immune surveillance by NK-cells 
(whose occurrence and activity depend on the integrity 
and function of the helper T-cell limb of i m m ~ n i t y ) ' ~ - ' ~  
theoretically could be compromised in such circum- 
stances. Specifically, aldehydic by-products of lipoperox- 
idation by potentially interfering with monocyte/macro- 
phage and helper T-cell interactions'" and PGE2 by 
impeding helper T-cell could hamper the 
functional differentiation of NK-cells. This hypothesis 
would agree with our in v i m  studies that showed the ef- 
ficacy of indomethacin, an inhibitor of cyclo-oxygenase 
and thus prostaglandin ~ynthesis,~",~" in restoring the rel- 

ative percentage of Leu 11 '  and Leu 19' NK cells to 
n ~ r m a l ' ~ , ~ '  in an established T-cell leukemia line of child- 
hood. The concurrent increase in B4+ lymphocytes (pre- 
sumably from stimulation of the nonleukemic population 
in the cell line) and decrease in viability of the leukemic 
cells, speak to the functional differentiation of said NK- 

In conclusion, we have shown that serum TBA reac- 
tivity for lipoperoxidation products is consistently in- 
creased at diagnosis in children with T-cell ALL. This 
increase was accompanied in most representative cases 
by an increase in serum PGE2 concentration, We hy- 
pothesize that both of these may contribute to propagation 
of the leukemic process by interfering in the patient's an- 
tileukemic immune surveillance. Finally, we are designing 
a protocol to assess the possible role of indomethacin as 
an immunopotentiator in vivo in children with T-cell 
ALL, based on its ability (in clinically attainable concen- 
t r a t i o n ~ ) ' ~ , ~ ~  to restore NK- and B-cells to normal while 
reducing viability in a T-cell leukemic line. 

14,19.32-33 
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