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ABSTRACT

T artrate resistan t acid phosphatase (TRAP) has b ee n  dem onstrated  during  
re lapse in the  cells in  the cerebral spinal flu id  (CSF) in  a p a tien t w ith  the  
clinical features o f acute T  cell lym phocytic leukem ia w hich  suggests this 
isozym e may be a m arker for m alignant transform ation o f some types of 
lym phocytes. T h e  p resence o f TRAP m ay be helpfu l in  estab lish ing  the  
diagnosis of a lym phocytic m alignancy since norm al lym phocytes appear to 
have tartrate sensitive acid phosphatase. T he p resence o f TRAP can no 
longer be considered  specific for hairy  cell leukem ia, since ch ild ren  w ith  
acute lym phocytic leukem ia are b e in g  found w ith  th is isozym e in  th e ir 
m alignant blasts. T he p resence o f TRAP does no t appear to b e  specific for T 
or B cell lines o f  m alignant lym phocytes since it has b een  described  in  cells 
w ith  e ith e r type o f cell m arkers. T he p resence o f TRAP seem s m ost usefu l in 
d ifferentiating lym phocytic m alignancies from m onocytic and  histiocytic 
m alig n an cies  an d  from  b en ig n  lym phocytoses w h en  th e  cells o f  th e  
peripheral b lood  and m arrow  m ay have sim ilar m orphologic features w ith  
routine staining.

In troduction

Acid phosphatase, an enzym e found in 
b lood  cells and  prostatic tissue, was noted 
by G utm an e t  al to be  increased  in  serum  
in patien ts w ith  invasive and  m etastatic 
carcinom a o f the p rostate .16 This observa
tion  has rem ained  valid  for forty years and 
recen tly  attem pts have b een  m ade to pro
v ide a m ore sensitive  m easu rem en t of 
se ru m  ac id  p h o sp h a ta se  by  ra d io im 
m unoassay .12 A bul-Fadl and  King1 dem 

o n s tra te d  in h ib it io n  o f p ro s ta tic  ac id  
phosphatase by tartra te  in 1949. T his was 
confirm ed in  1959 by  Nigam  e t a l.28

By 1972, L i, Yam a n d  L am 24 an d  
Katayama22 had  dem onstrated  seven  dif
fe re n t t is su e  ac id  p h o sp h a ta se  iso e n 
zymes by acrylam ide gel elec trophoresis 
and  show ed activity in  ind iv idual cells by 
h is to ch em ica l s ta in in g  u s in g  n ap h th o l 
AS-BI phosphoric  acid  as substrate. T h eir 
studies on a variety  o f patien ts w ith  differ
e n t d iseases o f th e  b lood  show ed tha t
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isozym e 0 was found only in the  m ac
rophage storage cells o f G aucher’s dis- 

.ease. Isozym es 1 ,2  and 4 w ere  p rom inen t 
in  neu troph ils, 1 and 4 in m onocytes, 3 in 
lym phocytes and p latelets, 3b in prim itive 
b lasts , respectively . All th e  p reced in g  
isozj ie s  proved  to be in h ib ited  by tar
trate  Isozym e 5, on the o ther hand, was 
ta r tra te  re s is ta n t an d  w as fo u n d  m ost 
p ro m in en tly  in  the  large m ononuclea r 
cells o f leukem ic re ticu loendo theliosis or 
so ca lled  “hairy cell leukem ia” (HCL).

Katayam a22,23 suggested  tha t the  p res
ence o f  tartrate resistan t acid phosphatase 
(TRAP) m ight be a helpful diagnostic tool 
in d ifferen tiating  H C L from m onocytic 
leukt nia and  from lym phosarcom a. Sub
sequently , in  1974 Catovsky e t a l6,7 p u b 
l is h e d  s tu d ie s  w h ich  s u g g e s te d  ac id  
phosphatase was p resen t in  the lym pho
cy te s  o f  c h i ld re n  w ith  a c u te  T c e ll  
leukem ia. T hese authors d id  not utilize 
tartrate in h ib ition  to d istinguish  specific 
isoenzym es. A further sum m ary o f their 
w ork ,4 p u b lish ed  in  1977, ind icated  the 
absence o f acid phosphatase in  the  lym 
phocytes of ch ild ren  w ith acute null cell 
leukem ia and  suggested  acid phosphatase 
m ight b e  a m arker for T cell leukem ia.

T he p re sen t study was stim ulated  by 
the  p resen tation  of a patien t w ith  central 
n e rv o u s  system  re lap se  o f acu te  lym 
phocytic leukem ia w hose in itial clinical 
p resen ta tion  had  suggested a T cell type 
o f a o  'te  leukem ia .10

C ase P resen ta tion
The patient, a w hite male child, had acute lym

phocytic leukem ia diagnosed 21 months previously 
w hen he was 4 Vi years old. He presented with lymph- 
adenopathy and hepatosplenom egaly. His initial 
w hite count was 43,000/mm3 with 68 percent blasts. 
His chest X-ray revealed widening of the superior 
m ediastinum and hilar adenopathy. Remission was 
induced w ith adriamycin (40 mg per m2 ) on day one, 
and prednisone (40 mg per m2 per day) and vincris
tine (1.5 mg per m2 per week) for four weeks. Central 
nervous system (CNS) prophylaxis was then insti
tuted. The patient received 2,500 rads to the cranium 
over a 2Mi week period and five doses of intrathecal 
methotrexate (12 mg per m2 bi-weekly). He was con
t in u e d  on  m a in ten an ce  th erap y  rece iv in g  
6-mercaptopurine daily, methotrexate weekly and 
pulses of vincristine and prednisone monthly. He

did well for 14 months and then developed jaundice 
which was thought to be due to 6-mercaptopurine 
(6-MP) hepatotoxicity. With reduction in 6 M P, the 
jaundice resolved and the patient continued to do 
w ell until 21 months after diagnosis w hen he de
veloped severe headaches and vomiting. His physi
cal examination was normal. A spinal tap was per
formed. The opening pressure was 380 mm HjO and 
the cell count was 1,940 w hite cells p e r  m m 3. 
Cytocentrifuge preparations of the CSF revealed 
that almost all of the white cells w ere lymphoblasts. 
The CSF protein was 41 mg per dl and the glucose 
was 39 mg per dl. Bone marrow aspirate showed 
continued marrow remission. Special stains for acid 
phosphatase were performed.

M ethods

A ir d r ie d  sm ea rs  o f  b o n e  m arro w , 
p e r ip h e ra l  b lo o d , b u ffy  c o a t o r c e n 
trifuged spinal flu id  w ere fixed by d ip 
p ing  them  for 30 seconds into a solution of
10 p e rc e n t  m e th a n o l in  60 p e r c e n t  
acetone containing 0.03 M citrate m ain
ta in ed  at 4°. S ubsequently , the  slides w ere 
incubated  at 37° for 45 m inutes in  coplin 
jars contain ing 40 m l o f the  substrate  p re
p ared  as follows: 0.5 ml o f N, N -dim ethyl 
form am ide co n ta in in g  n ap h th o l AS-BI 
phosphoric acid (20 m g p e r ml) was added  
to 100 ml o f 0.1 M acetate buffer pH  5.0 
w ith  20 m g Fast G arnet GBC for staining 
control slides. T artrate  resistance o f the 
w hite ce ll acid phosphatase was d e ter
m ined  by  incubating  a dup licate  slide in 
the  sam e substrate b u t contain ing 300 mg 
o f L ( + ) tartaric acid. T he substrate  was 
filtered  ju s t before use. After the  incuba
tion, the slides w ere coun tersta ined  w hile  
still w et in  M ayer’s haem atoxylin for 30 
seconds. T he slides w ere th en  rin sed  in 
d is t i l le d  w a te r  a n d  m o u n te d  w e t in  
g lycerine jelly .

C ontrol slides (substrate w ithou t tar
trate) show ed red-brow n granules in  all 
cells w hile w ith tartrate ad d ed  the n eu 
trophils w ere negative. I f  lym phocytes 
stain positive in the p resence o f tartrate, 
this is considered  consistant w ith  hairy 
cell leukem ia according to Katayama, Li, 
Yam and Lam .22,23,24 R osetting w ith  sheep  
e ry th ro cy te s  or an tib o d y -c o m p le m e n t 
coated sheep  red  cells (EAC) was carried  
out by pub lish ed  p rocedures .2,10,32
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R esults

T he cerebrospinal fluid cells w ere vir
tu a lly  all ly m p h o b lasts  w h ich  s ta in ed  
both  in the  p resence and  in the absence of 
tartrate (figure 1). Control blood sm ears 
stained  in the  substrate solutions at the 
sam e tim e  s h o w e d  p o s it iv e  s ta in in g  
leukocytes in the  absence of tartrate and 
negative stain ing in  the  presence o f ta r
trate  (figure 1). Thus, this patient, who had 
c l in ic a l  fe a tu re s  su g g e s tin g  T c e ll  
leukem ia, had lym phoblasts in the  spinal 
flu id  stain ing positive for TRAP. N one of 
th e  m orphologic or clin ical features of 
hairy  cell leukem ia w ere present.

Examination of the  cerebrospinal fluid 
(C SF) ce lls  b y  ro se ttin g  w ith  w ash ed  
sheep  erythrocytes show ed 2.7 p ercen t 
rosetting, w h ile  w ith  EAC, 65.5 p ercen t o f 
the cells form ed rosettes. S tudies for sur
face IgG  could  no t be  perform ed. T hese 
stud ies dem onstrate that the  receptors of 
m ature T  cells w ere no t p resen t on the 
leukem ic cells in the cerebrospinal fluid, 
a lth o u g h  co m p lem en t re cep to rs  w ere  
p resen t. T he p a tien t atta ined  rem ission 
quickly w ith  a repeat course of in trathecal 
m ethotrexate.

D iscussion

T hese observations suggest TRAP may 
not b e  a specific m arker for hairy cell 
leukem ia b u t m ay have b roader specific
ity w ith in  the  lym phoproliferative d isor
ders. O ne o ther ch ild  has b een  seen  w ith 
acute lym phocytic leukem ia (ALL) in  re
lapse w hose m arrow cells w ere positive 
for TRAP. A nother ch ild  w ith  ALL and 
TRAP positive cells has b ee n  reported  by 
Loeffler in  1977.26 T he p resence o f leuko
cyte acid phosphatase has b een  associated 
w ith  T  c e ll  le u k e m ia  as re p o r te d  by 
C atovsky  in  a se r ie s  o f p e d ia tr ic  p a 
tien ts .6,7 H is study revealed  that all e igh t 
ch ild ren  w ith  T cell ALL, as ju d g ed  by 
ro s e tt in g  o f b lo o d  ly m p h o cy te s  w ith  
s h e e p  c e lls  an d  lack  o f su rface  IgG , 
show ed lym phoblasts that s ta ined  for acid

phosphatase. On the o ther hand, only  one 
of 51 patien ts w ith  nu ll ce ll leukem ia and 
n one of tw o patien ts  w ith  B ce ll ALL 
show ed any staining for acid phosphatase. 
T hese differences are statistically  signifi
can t b y x 2, b u tth e  series was sm all. U nfor
tunately , tartrate resistance was n o t d e 
te rm ined  in  these patients.

T he p resen t report describes a p a tien t 
w ith  clinical features o f T  cell acu te lym 
phocytic leukem ia w hose leukem ic cells 
in  the spinal flu id  had  receptors for C3. C3 
receptors are m ost often found in  lym pho
cytes of bone m arrow  orig in .32 T hey  m ay 
also be on T cells, especially  if  the  cells 
are m alignan t.18,25,32 C3 receptors have 
also b een  found on fetal thym ocytes33 and 
on im m ature lym phocytes o f thym ic ori
g in .15 T h eir appearance on the cell surface 
p recedes that of the  sheep /ery th rocy te re
cep tor.11 O ur p a tien t m ay have a type o f T 
cell m alignancy in  w hich  the cells are too 
im m ature to have sheep  erythrocyte re
ceptors. Sim ilar patien ts w ith  ALL and 
lym phoblastic lym phom a have b een  d e 
scribed by o ther investigators w ho con
s id e re d  th em  to have m alignancies of 
thym ic orig in .9,20

I t  w ould  be attractive to consider TRAP 
an isozym e m arker for T ce ll type lym 
phocytic m alignancies. Indeed , Saxon et 
a l30 and C aw ley e t a l8 have rep o rted  cases 
of H C L positive for TRAP w ith  T  cell 
ch a rac te ris tic s , in c lu d in g  sp o n tan eo u s 
rosetting  of the  lym phocytes w ith  sheep  
erythrocytes and lack of surface Ig. H ow 
ever, m any more o f the  patien ts w ith  H C L 
positive for TRAP have b een  show n to 
have features of B cells w ith surface Ig  and  
lack o f sheep  cell rosettes.2,5,22,23,24

S till m ore in tr ig u in g  are  rep o rts  o f 
leukem ias w ith  both B & T ce ll charac
teristics 17-18>21'27 th a t suggest m alignant 
transform ation m ay som etim es resu lt in 
hybrid  forms w hich also dem onstrate  the 
p resence of acid phosphatase. In  a case 
reported  by Shevach ,32 92 p ercen t o f the 
cells sta ined  for acid  phosphatase , b u t 
only 10 percen t show ed tartrate resistan t 
acid phosphatase.
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FIGURE 1. A. CSF lymphoblasts showing marked staining for acid phosphatase in absence of tartrate. B. 
CSF lymphoblasts showing moderate staining for acid phosphatase in presence of tartrate. C. Control blood 
smear showing moderate staining for acid phosphatase in absence of tartrate. D. Control blood smear showing 
no staining for acid phosphatase in presence of tartrate.

Golom b et a l13 reported  12 patien ts  w ith 
H C L  an d  d e m o n s tra te d  s y n th e s is  o f 
m onoclonal Ig in all, estab lish ing  beyond 
doub t the B cell nature of these  cells. 
TRAP s ta in in g  w as v a riab le  b u t 8 /12  
show ed more than  50 percen t of the cells 
positive.

B rouet an d  P rieu r3 s tu d ied  a p a tien t 
w ith  c h ro n ic  ly m p h o c y tic  le u k e m ia

w hose lym phocytes had surface IgM  w ith 
anti sheep  cell activity  causing  rosette  
formation. This suggests that search for 
m arkers by m ultip le  techn iques is n eces
sary before identification  of B or T cells is 
certain . B rouet e t  al also dem onstrated  
tha t acid phosphatase was found in the 
lym phocytes o f over 80 p ercen t of patien ts 
w ith  T cell acute leukem ia b u t in only 10
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p ercen t o f patien ts  w ith  nu ll ce ll acute 
leukem ia .4 T hey  d id  not determ ine resis
tance to tartrate.

H uhn  e t a l19 have recen tly  reported  a 
study o f 27 pa tien ts w ith  acute lym pho
cytic leukem ia whose lymphocytes were dif
feren tia ted  into: (1) T  cells w hich  formed 
rosettes w ith  sheep  red  cells and  had a T 
antigen; (2) T  cells w ithou t rosette forma
tion  b u t reacting  positively  for the  p res
ence o f T  antigen; and  (3) cells ne ither 
resetting  w ith  sheep  erythrocytes nor hav
ing the  T  antigen. No differences w ere 
observed  in overall activity o f acid phos
ph a tase  in  th ese  th ree  situations. T he 
com m ent was m ade that in  cases w here 
cells show ed very strong enzym e activity 
(index >  250) T cells show ed qualitative 
differences from non T  cells.

Pangalis, W aldm an an d  R ap p ap o rt29 
have dem onstra ted  tha t norm al B and  T 
lym phocyte populations contained  com 
parable acid phosphatase activity w hich 
was en tire ly  in h ib ited  by addition  o f tar
taric acid. T hese  observations show that 
norm al lym phoid  cells have acid phos
phatase isozym e 3, w hich  is tartrate in- 
h ib i ta b le ,  w h ile  p re v io u s ly  q u o te d  
studies and  the  p a tien t s tud ied  by the  
p resen t authors show  that some m alignant 
B or T  lym phocytes may have acid phos
phatase isozym e 5 w hich is resistan t to 
tartrate.

Thus, stain ing for the  tartrate resistan t 
acid phosphatase fraction may be m ore 
m eaningful in  d ifferen tiating  m alignant 
lym phocytic d isease  from b en ig n  lym 
phocytic d isease than  stain ing for total or 
nonspec ific  acid  phosphatase . C au tion  
should  be  used  in diagnosing hairy cell 
leukem ia on the  basis o f the p resence of 
TRAP un til th e  more exact specificity of 
isozym e 5 is know n in o ther lym phocytic 
m alignancies.

Summary

1. Tartrate res is tan t acid phosphatase 
has b een  dem onstrated  during  relapse in 
the  cells in  the C SF in a p a tien t w ith the 
clinical features o f acute T cell lym pho

cytic leukem ia w hich suggests th is iso
zym e m ay be a m ark er for m a lig n an t 
tra n s fo rm a tio n  o f  som e ty p e s  o f  
lym phocytes.

2. T he p resence of TRAP m ay be h e lp 
ful in  estab lish ing  the diagnosis o f a lym 
phocytic m alignancy since norm al lym 
phocytes appear to have tartrate sensitive 
ac id  phosphatase .24,29

3. T he p resence o f TRAP can no longer 
b e  c o n s id e re d  sp ec if ic  for h a iry  ce ll 
leukem ia, since ch ild ren  w ith acute lym 
phocytic leukem ia are being  found w ith  
this isozym e in th e ir m alignant b la s ts19,26 
(and p re sen t study).

4. T he p resence o f TRAP does no t ap
pear to be  specific for T  or B cell lines of 
m alignant lym phocytes since it has b een  
described  in cells w ith  e ither type o f ce ll 
m arkers.5,8> 12,27> 30>32 •34

5. T he p resence o f TRAP seem s m ost 
u se fu l in  d iffe re n tia tin g  ly m p h o cy tic  
m alignancies from m onocytic and  h is
tiocy tic m alignancies and from b en ig n  
ly m p h o cy to ses  w h e n  th e  c e lls  o f  th e  
peripheral b lood and  m arrow m ay have 
sim ilar m orphologic features w ith  rou tine 
sta in ing .2,5,12,23,24
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