e
obtained from liver, kidney, small-intestinal mucosa and neutrophils
were purified by the method of Seargeant and Stinson (1979a) with
minor mpdifications. Partially purified alkaline phosphatase from
human placenta (119 umol/min/mg) was obtained fEOm Célbiaéhém—aéhriﬁg
"Corp. (La.Jolla, Ca.) and further purified (Seargeant and Stinson,
1979a). All eniyme preparations were stored at 4°C in 10 ;H TRIS/Hél;
pPH 7.6, which contained 1.0 mM HgC12 and 0.1 mM Zanzg '
Fresh whole blood units wefe supplied by the Red Cross Blood
.Transfusiqh Service (Edmonton). Heparinized Vacutainer tubes were
purchased from Becton Dickson Canada (Mississauga, DStg), White
cell isolation and separation included the use of Dextran T500 pur-
chased from Pharmacia Fine Chemicals (Uppsala, Sweden) and Lympho-
prep, a product of Nyegaard and Co. (0slo, Ndrway). Serum samples'
were obtaineq from the University of Alberta Hospital anﬁ the W.W.
Cross Cancér Institute of Edmonton, Alberta and were stored frozen
at ~20°C unti,]) assayed. ‘

All water used was deionized and double distilled; alass distil-

lation constituted the final st'ep‘. The pH of all buFFer‘s ad-

justed with HCl or NaOH solutions. o .

B. GENERAL METHODS .

‘o '

1. Determination of the purity of cy%teamine-g;phoggha;e

.Thin layer chromatography on precoated silica gel TLC plates was
'bérfo}med to test the purity bf.CASP. A solvent ;ystem which Eﬂﬁékié*
ed of ethanol:pyridiné:HZO (10:5:8) followed by a spray of 1% (w/v)
CuClZ:SOZ:(v/v) ethanol :5% (v/Q) NH3 was used as described by Dulis

and Wilson (1978). A single black spot indicative of CASP was the

(¥
[\ %1



The "quatity qf ahis microfiche is heavily dependent
upon the quality of the original thesis submitted for
microfilming. Every effort has beeh made to ensure
the highest quality of reproduction possible.

If pages are missing, contact the university which
granted the degree.

Some pages may have indistinct print especially
if the original pages were typed with a poor typewriter
ribbon or if the university sent us a poor photocopy. .

Previously copyrighted materials (journal articles,
published tests, etc.) are not filmed. .

Reproduction in full or in part of this film is gov-
. erned by the Canadian Copyright Act, R.5.C. 1970,
c. C-30. Please read the authorization forms which
accompany this thesis.’

’

THIS DISSERTATION
HAS BEEN MICROFILMED
EXACTLY AS RECEIVED

NL-339 (r. B2/08)

CANADIAN THESES ON MICROFICHE i
‘ I.S.B.N ‘
THESES CANADIENNES SUR MICRQFICHE
%
) l* National Library of Canada Bihothéqgue ratonale du Canada )
Collections Development Branch Direction du développerent des collections
Canadian Theses on Service ﬂi; thises canadiennes
_ Microfiche Service sur microfiche
Ottawa, Canada
.K1A ON4 .
L) I~
NOTICE CAVIS

La qualité de cette microfiche dépend grandement de
la qualité de la thése soumise au microfilmage. Nous
avons .tout fait pour assurer une qualité: supérieure
de reproduction,

§'il manque des pages, veuillez communiquer
avec 'université qui a conféré le grade.

La qualité d’impression de certaines pages peut
laisser 3 désirer, surtout si les pages originales ont été
dactylographiées a I'aide d’un ruban usé ou si I'univer-
sité hous a fait parvenir une photocopie de mauvaise
qualite.

Les documents qui font déja I'objet d'un droit

d’auteur {articles de revue, examens publiés, etc.) ne
sont pas microfilmés.

La reproduction, méme partielle, de ce microfilm
est soumise & la Loi canadienne sur le droit d'auteur,
SRC 1970, c. C-30. Veuiltez prendre connaissance des
formules d'autorisation qui accompagnent cett® thése.

LA THESE A ETE

MICROFILMEE TELLE QUE
" NOUS L'AVONS RECUE

. Canad'é'



Bibliothéque nationale

National Library
du Canada

of Canada
Canadian Theses Division

Ottawa, Canada
K1A ON4

56863

PERMISSION TO MICROFILM — AUTORISATION DE MICROFILMER

O-31S-08946-6

Division des théses canadiennes

L3

e Please pnnt or type — Ecrire en lettres moulées ou dactylographier

o’

Full Name of Author — Nom complet de |'auteur

Arita Lillian GAINER

Date of Birth — Date de naissance

S August 13, 1956

Permanent Address — Résidence fixe® .
8364 120 St.
-~

Edﬁonton, Alberta
T6G 1X2 . L

Titie of Thesis — Titre de ta thése

A Biochemical S;udy of Human Leukocyte Alkaline Phosphatase

University — Université

University of Alberta

Degree for which thesis was presented — Grade pour lequel cette thése fut présentée
Magster of Scienceé in Medical Laboratory Science

Year this degree conferred — Année d'obtention de ce grade ’
1982 ‘

Name of Supervisor — Nom du?:hraemur de thase
Dr. R.A. Stinson

Permission is hereby granted to the NATIONAL LIBRARY OF -
CANADA to microfilm this thesis and to lend or sell copies of
the film. :

The author reserves other publication rights, and neither the
thesis nor extensive extracts from it may be ptinted or other-
. wise reproduced without the author's written permission.

L'autorisation est, par la présente, accordée a |a BIBLIOTHE-
QUE NATIONALE DU CANADA de microfilmer cette thése et de
préter ou de vendre des exemplaires du film,

L'auteur se réserve les autres droits de publication; ni la thése
ni de longs extraits de celle-ci ne doivent étre imprimés ou
au}rement reproduits sans |'autorisation écrite de 'auteur.

Date

*

Signature

(ML, % ﬁi&{-g}t

NL-91 (4/77)

~C

~



. )
THE® UNIVERSITY OF ALBERTA

: .
A BIOCHEMICAL STUDY OF HUMAN
LEUKOCYTE ALKALINE PHOSPHATASE
» * =
o K
(3 ANITA LILLIAN GAINER - ‘ .
V N ’ E é
‘E!g -
A THESIS .
¢UBMITTED TO THE FACULT%eOF GRADUATE STUDIES AND RESEARCH
IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE DEGREE
oF -  MASTER OF SCIENCE
in '
MEDICAL LABORATORY SCIENCE -
DEPARTMENT OF PATHOLOGY )
‘ * “ & -. SEE b - .—-} rf;,vi_,‘n,* ot o e




THE UNIVERSITY O0F A LBERTA
. oo N ’

¢

. RELEASE FORM.

Y

NAME OF AUTHOR:  @nita Lillian Gainer .

. : (
TITLE OF THESIS: A Biochemical Study of Human lLeukocyte
Alkaline Phosphatase .

-

. . N A
DEGREE FOR WHICH THESIS WAS RRESENTED: Master of Science

YEAR THIS.DEGREE GRANTED: 1982 ~

' ] : _
Permission isshereby granted to THE UNIVERSITY OF ALBERTA

L1BRARY to reproduce single copies of this thesis add to lend

or sell such copies for private, scholarly or scientific re-

search purposes only.
The author reserves other publication rights, and neither

the ‘thesis nor extensive extracts from it may be printed or

otherwise reproduced without the author's written permission.

PERMANEN+ ADDRESS
8364 -'120 Street
Edmonton, Alberta

T6G 1X2

DATED . LY Al 1952
) o

o e e LI S JE M



THE UNIVERSITY OF ALBERTA

=

14

FACULTY OF GRADUATE STUDIES AND RESEARCH

The undersigned ieriify that they ‘have rgad: and Tecommend to
the Faculty of Graduate Studies and Research, for acceptance, a
thesis entitled A BIDCEEHIﬁAL STUDY OF HUMAN LEUKOCYTE ALKALINE

- PHOSPHATASE

. = : : i ! \
in partial fulfilment of the requirements, for the degree of MASTER

W e e R R Tt R e aps sk e e Ay



“ to

‘Pooh, Gdose .

and iBi]ly

g et e ety % G

Y



. :  ABSTRACT

-

- The hydrolysis of o-nitrophenylphosphate (pNPP) and cysteamine-
S-phosphate (CASP) by purified human liver, kidney, neutrophil,

small-intestinal mucosa and placental alkaline phosphatase has been
. L 4

- Ty , e . .
studied. The afFini?y towards CASP was variable amohgst the mel-
E = f .

&

@Rirle forms of human alkaline phosphatase with K_ values ranging
¥ * m

%

7 From 0.09 mM to 1.00 mM. The Km values for pNPP.wére more consis-

tent and showed a range of D,D?zggﬁ to 0.038 mM. The ratios of ;he
ratei;F hydfaiyéis gF pNPP to the rate of hydrolysis of CASP were
5imifar:amgngst the muitip[e_Farms of human afk:ling phosphatase
(1.5 = 1.9) with a ;gan value éF‘i.7i

The mean value of the ratios of the rate of hydralysfs of pHPF
to thé’fate of hydrolysis of CASP for thirty-six ﬁgrmaliéera was
2%1 + 0.5. Twenty-five sera from patients with lymphoma, infectious
méﬁanucleasié,'éhraﬁig éf acute lymphatic leukemia, érigufkitt;§
| ymphoma d?Splayéd a mean ratio of 2.0 £ 0.4. The meéan ratio for
twenty-eight sera Fr@ﬁ patients with myeloma, acute myelc%d leukemia,
lung cancer, sarcomas or Hadgkiﬁ'gadigeasg was 2,3:2'9.5§ The sera -~
from nine patients with iﬁgreased;serum aikaiine'phbéphatase levels

due ‘to pregnancy or other conditions had a mean ragio value of 1.8 =

0.3. Therefore, no evidence was found of an unique aikaiiné phos~
-phatase which was incapable of cysteamine-S-phosphate hydrolysis

and acted as_a»ma%kér for iympﬁaprgl?Ferétivg disorders. .

= * ) =



Granulocytes were isolated to 98% Fuéfty from whole blood of fifty

healthy individuals. Aqueous sa!q;iéng f nom butanol extracts of the

) ' 7

« isolated éranu]a&yces revealed aléaane phdsphatase levels. of 9.5 mU/10/
granu1a§ytés to 36;§}mu!lﬂ7 g;ahufa;ytes with a.maan value of 19.4 *
¢
6.9 mU/lD7 granﬁiaiy;egi Protein determinations carielated-;éil with
the number of graﬁulﬁtytes.pf§52ﬂt.
Inhibitor studies usimg L-phenylalanylglycylglycine, L?phenyl=
E‘aﬂiﬁe‘éﬁd L-homoarginine Jevealed a distinct pafcern'Fcf éaéhraF
the live%, intestinal aﬁdgblatgntalhisggnzymeé of human a]ké‘{i;
phcsphatése,; Crude extracts and éuriFied enzyme from the same ttssue
sources SESfEd simiiar‘pattgrnsg Aqueous Sclugians from éutinal
extracts of human gra#ulﬂiyiéé displayéd a pattern virtually iden- * -
tical to that of the liver alkaline'phgséhaéase which is CéE%iStEﬁt
with the proposal that it is the product of the sameAStFuiturai=geﬁe
as the JiVEr/kidnev/béﬁg group GFvhumaﬂ’alké]iﬁ&iphéééhéﬁaﬁesi .
- ThgréFérei all of the mg{tisig forms of human alkaline phéé@ﬁatase ;
fgsted in this siudyxwere capable of the hydrolysis of cysteamine-
S-phosphate although their affinities toward thfs substrate were
variable., The sera from patients wié: lymﬁhapr@iiFgrative disorders

did not contain an unique form of alkaline phosphatase and acted in

a similar manner as sera frgm-hégﬁthy individuals. The alkaline-

phosphatase in human heutrnphils showed a wide range of activity and

- was found to be the samglgeng product as the liver, kidney and bone
forms of human alkaline phesphatééé. ’
. o _ _ R
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CHAPTER ONE
ntroduction to Humaﬁ-LEukaﬁyte Alkaline Phosphatase

1. Histor

The first biochemical demonstration of phosphatase activityiin
neutrophils was reported by Kay in 1930. The enzyme was further
| ;harééterized by Roche (1931) whe discovered that the eqzyﬁe from
rab;it, glinea pig and horse white blood cells had a pH,Q@timu; of
8.6. |

" The advent of a histochemical technique, developed in 1939 by
EQQ independent workers (Gamé?i and T%kamé}su’,LFSUIted ina flurry
of st;dieé since it simplified the detection of alkaline phsgghatase
activity to such a large extent. GamcrifS'tezhnique invalveﬁ the
hydrolysis of substrate (g-glycerophosphate) to form phosphate ions
which reacted with calcium ions in the incubation mixture to form

insol bie,émicrascapiéally invisible calcium phosphate. When these

=

tissue sections were exposed to cobalt ni%rate, cobalt phosphate

was formed which!;eacteé with ammonium sulphide to form black, in-
soluble cobalt éulphidg which was readily visible microscopically.
The first detailed report of human neutrophil alkaline phosphatase
activity iﬁanFﬁE‘ and pathcl@giﬁa{ states using Gomori's technique
was made by Wachstein in 1946. Unfortunately, phosphatase diffusion
was a;sigﬁifiiaﬁtvprabiem with this technique which resulted in
pramiﬁgnt nuclear stainimg and made semiquantitative scoring EF,
the_ibtgnsity of the reactia@ praduct‘iqaécurétei In addition,

cytological details were poorly preserved.



A different éppraaﬁh qﬁjch utilized an azo dye coupling method
was outlined by Kaplow (IBSSii Upon e%zymatia hydrgiisis of qinaphthyl
phosphate, the liberated naﬁhthal immediately Céupléd with the dia-
zonium salt of k!béﬂZDYliZ:S*methéxyégi]5ﬁE (Fast Blue RR) to form~
an insoluble azo dye deposit. Mayer's aqugaué"hgmatagyliﬁ was used
as a nuclear counterstain. The enzyme aztiv%ty seemed limitad ta. . -
the cytoplasm of mature neutrophils and occasionally to band neutro-
phils. A 5§arin§ pratédure was developed in which 100 consecutive
mature neutrophils were rated from O to 4 on the basis of the iﬁtEﬁé
sity and appearance of the pre;ipitatgd dye. The sum of the ratings
was consiéereq the score for a given blood smear. This te;hﬁiqug
soon beiaﬁe widely used as a routine hem;talagicai procedure and
is still popular today.

With the dEVE‘GDhEﬁt'DF teehninEs which allowed leukocyte
separation from whole blood in the early 1950's biochemical studies
of isolated white blood cells wgré made pﬁssibfe; Since theﬁ nuUmeErous
workers have used both cytochemical and biochemical assay methods
to determing some of the properties of neutrophil aikéiine‘phasphatasg_

2. Properties

Alkaline phosphatase from hgugrﬂﬁhi‘s is gapéb]e of liberating
inorganic phcsphéfus from a wide variety of substrates including
nucléofidgé (Trubowitz et al, 1961) although not all substrates are
hydrolyzed at similar rates. Trubowitz et al- (1957) also showed
“that human feukaéyte alkaline phosphatase is predominantly zinc
“dependen;lsfnﬁg.EDTA clearly inhibited enzyme activity thrﬁugﬁﬂu,.,;%_,

chelation. Instability of neutrophil alkaline phosphatase to heat



-

-
e

has been reported by several authors (Tangheroni et al, 1971; Diamant

et al, 1970; Findlay and Johnston, 1977: Wilson et al, LSS]) and

numerous reports have been made of the stability of neutrophil
alkaline phosphatase in the presence of L-phenylalanine (Tangheroni
et al, 1971; Findlay and Johnston, 1977; Wilson et al, 1981). Re-
ports concerning the heterogeneity of human neutrophil alkaline QEGSi
phatase have been contradictory. Trﬁbguitg et al (1957) stgdiéd

th; human eﬁzyme and found evideﬁég of tQﬁ difFerenf forms, ané of
which required magnesium and the other zin¢ for maximal activation.
CQﬁVéFSEiY a later study (Trubowitz et.al, 1961) indicated that,

on the basis of data from competitive inhibition experiments, a
single enzyme was respéﬁsible for the enzymatic activity. Variable
reports of two and three elegtra@hgre;ié bands have further confused
the issué {see McComb, Bowers and Posen, 1979 for review). Rosner
and Lee f1972) observed that radioactive zinc miarated with a stower-
moving form whereas radiocactive magﬁegium migrated with a faster-
mévihg form of the enzyme. Lyons et al (1968) regc%ted the grese%;g
of three electrophoretic bands in granulocyte alkalingxphasphatase
from normal subjgcté; Moreover, not all subjects displayed all three
;baﬁds and the pattern of any g%VEﬁ individual was variable from one
examination to the next. There is no readily apparent reason for
therﬂﬂﬁfiiﬁtiﬁg electrophoretic reports although as indicated by
McComb, Bowers and Posen (1979) there is the possibility that the
variable bands are due to incomplete separation of alkaline phos-
phatase Fréh the neutrophil membrane .

. s
3. Mechanism of hydrolysis

A detailed description of the mechanism of hydrolysis by alkaline

/



rd
phosphatase is available in McComb, Bowers and Poseh (1979).

Very briefly, there is now considerable evidence that alkaline

v phosphatase FramJE: ga[i and probably from mammalian tissuefources

as well is a dimer consisting of two identiizi subunits with zinc
ﬁprming an integral parﬁ of the molecule.

The reaction sequence of alkaline phosphatase can be divided
into fodr major steps. The initial stg§ is the formation of a
Michaelis éQmp]ExgwhiEh is converted to a covalently-bonded phos-
phoryl~enzyme complex during cleavage of the alcohol. This complex
is converted into an Eﬁ;ymE‘phéééhétE!édditi@ﬁ complex, followed by
terminal dephaf-ﬁharviatiaﬂt resulting 'in release of orthophosphate
and regeneration of free enzyme. | ’

It is generally agreed that the Fgrmatiaﬁ of the Michaelis con-
plex and the scission of the leaving group areﬁﬁét rate=limiting.
The evidence is not sufficiently clear, however, to determine
whether the formation or breakdown of the covalent EEEP]E; or con-
f&rmational changes gans;itutes the rate-limiting step.
k. Function - _

fhe physialagiéai role of alkaline phosphatases remains elusive.
A c%?nectiﬂn with traﬁsparg,péégibiy of phosphate, ﬁas been suggested
based on its high levels in laﬁ;éi@ns where tissues are concerned
with active transport such asfthe ;dsarptive surfaces of the pfax?mal
convoluted tubules in the kiéney, the small-intestinal mucosa, the
syntrophoblast of the pla§e¢£a and the cell surfacet of E. Egii
(Posen)'1967)! It haslajsg been Qgstu]ated (Fishman, jS?h) that
alkaline phosphatase may éct wi;h other membrane phosphohydrolases

and transferases to regulate the dimensions of the membrane.



It is widely accepted that alkaline phaspﬁatase is capable of
catalyzing the transfer of the phﬁiph@ﬁfl group from phosphomono-
esters to hyqigéyl‘égﬁtaiﬁiﬁg acceptor molecules in adéitiaﬁ to its
' much more widely-studied phosphohydrolase attiQityi The phgsphé*
transferase acti;ity has not undergone much investigation du§ to
the lack of discovery of aizgptc% molecules with high affinity for

_ the enzyme. This cértainly does not however, rule out the fact

that the phosphotransferase activity may be imgartant'shysiciagféa\ly:'
for the synthesis of phosphomonoesters. It is also possible that
alkaline phosphatase may play some kind of a reaulatory role since -
phOSphépfotein phosphatasé activity has begﬁ!dgmnnstratgd by pla-
cental alkaline phosphatase (Huang et éli 1976) and it has been
suggestéd that protein phaspharyiatiaﬁ aﬁd_deéhcsgharyfatiaﬁ is
important im connection with metabolic regulation (Rubin and Rosen,
1975) .

There have also been suggestions that the role of alkaline

phosphatase is related to maintenance of cell shape. Fiskin eé

al (i980) reported a transient expression of alkaline phaspbatésg
over the surface of HelLa cells which was associated with formation
of cell extgn;ions. Al though é?ythracftes do not contain alkaline
phosphatase,‘a recent report by Lovlin et al (1980) indicated that
changes in red cell volume were related to plasma alkaline phos-
phatase activity. ..These authors stated that phosphorylation of
membrane proteins, particularly the spectriniaét{n complex, appéars
critical faor maintenance of the structural iﬁ;egfity of the red
blood cell and suggested that plasma alkaline phosphatase may play

a role in this respect. Perhaps in a similar fashion neutrophil.



alkaline phosphatase is related to the maintenance or changing of

cell shape in v}ew of the fact that neutrophils are very mgbilg;
n\\"//;eformab]e cells which are phagocytic.

A study by Schwender (198i) proposed that antigen-antibody in-
duced calcium uptake iqto cefls could involve alkaline phosphatase
in the biochemical mechan;;m leading to the release of a]lergic
mediatdrs, since a close relat?dﬂship between alkaline phﬂSPh8}§§E
and cglcium transport had been‘previously reported (Limas and Eahn?

mediator release inhibitors

1973; Russell et al, 1972). Allergig
such as cromolyn sodium inhibited a ine phosphatase which sug-
gested its involvement in antigen-antilfody-induced allergic responses.

The formation of a phosphoprotein during inhibition of mediator se-

\

cretion has also been observed, and may be due to the inhibition of

alkaline phosphatase. It has been thbugh, that alkali%e phosphatase
in leukocytes played a role in bactericida Eilling (seesbg Chatelet
et al, 1979) but this has been ;hallengedrbifthg description of an
appareq’ﬂy healthy individual with markedly abnormal ieukaiyte alk-
a;ine phosbhatase levels and normal chteriifdal activity of his

cells (De Chatelet et al, 1979). |In addition, L-p=bromolevamisale.

markedly inhibited alkaline phosphatase of normal leukocytes but

had no effect on the abil\ty of intact cells to kill bacteria.

.Considerable efforts are beiny directed toward the elucidation of
- the physiological role of human a

S. iIntracellular location

Alkaline phosphatase activity within neutrophils appears to be
located within the cytoplasm when an azo dye-coupled EYt%éhEmizai

technique is ‘employed (Kaplow, 1968). Cytochemical methods used

=
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“with electron microscopy showed that alkaline phosphatase aﬁtivity
appeared first during the myelocyte stage and was connected\with
immature specific granules (Baintan et al, 1971). Conversely,
using a,simi{gr techniqué, Borgers et al (1978) reported that
specific granules were not reactive and tHat alkaline p%@sphatase.
activity was confined to the external part of the plasma membrane,
Subcellular fractionation studies of human neutrophils (Hegtiét
al, 1974; Bretz and Baggiolini, 1974; Spitznagel et al, 1975) re-
vealed that Zhe enzyme was icsaiized to a fraction ﬂéﬁtaiﬁfﬁg a
VhétE?DgEﬂEQuS c@ilegtiaﬁ of membranes derived frgm plasma membranes,
mi tochondrial outer membranes, the Golgi and the endoplasmic retic-
ulum. In 1979, Rustin et al further resolved this hgtgragenégus
fraction and, complemented by electron microscopy experiments,
localized alkaline phosphatase to a unique afgénelle in human
neutrophils. They have confirmed these.Fiﬁdiﬁgs iﬁ:]itz? studies .
and have now termed the uhique argaﬁeilesjphgsphasgmes (Rustin and
Petngi;iS7S; Wilson et al, 1981). A study by De Pierre and Kar-
novsky (1974) of guineafpig neutrophils demonstrated that alkaline
phosphatase was an ectoenzyme since pNPP was hydrolyzed by intaﬁt,_

‘cells. However since there was twice as much enzyme activityiaftzf
disruption of the cells the presence of enzyme in granules could
not be entirgiy ruled out. It is p@ssiblé that alkaline ph@sﬁbatase
is present on the mEMb?SﬂEVSF heutrophils as an‘e:taéhi:me and that
phosphasomes are the result of invagination and pinching off of
the ptasma membrane to form vesicles.

6. Levels relating to cell maturity

There is controversy within the literature as to what relation-



ship the level of alkaline phosphatase within neutrophils has -to

he age of the cells. Trubowitz et al (1959) found that when

[

measured both.biochemically and histochemically the level of

alkaline phosphatase in bone marrow granulocytes was approximately
s :

502 lower than that of the cells in peEipherai biaad; They sugéestgd
that young cells fresh from the harrau have lower levels of alkaline
phosphatase and, synthesize additional enzyme during their 1ife span
in the peripheral bleod. On the basis of electron microscopy studies
in conjunction with cytochemical stains, Bainton et al (1971) re-
ported that alkaline phosphatase activity first appeared during the
myelocyte stage and was associated with specific granules. Whereas
the number of azurophilic granules per cell.was reduced by mitosis

7 during the myelocyte stage, sgeafFiﬁ granules were formed contin-
uvally throughout this stage and prggreésivgiy accumulated. Fehr and
Grossman (1979) investigated the alkaline phosphatase activity of

ghe circulating and marginated pool of intravascular neutrophils

using both cytochemical and biochemical assay methods. Upon admin-

istratiéﬁ!af ep?ﬁephriﬁgi HhiihHEEQSEﬂ temporary dem;fgingtién, an

. &
increase in activity was seen. Conversely hydrac@%tisane, which is
known to cause granul@cyte mobilization from the bone marrow reserve,
caused a decrease in the level of enzyme éétivity@i They concluded
that functionally or chronologically older neutrophils have higher

alkaline phaspﬁatasg aﬁtivigy and that transfer from the zirguliting

5. In

W

to marginated pool is a selective rather than random proce
an investigation by Bondue et al (1980) myelold precirsors were
labelled in vivo with tritiated thymidine and allowed to mature into

marrow neutrophils. An injection of cortisol caused premature marrow



release which revealed that labelled cells had approximately 502

: ]
less alkaline phosphatase than unlabelled Qeliszwhgn measured cyto-
chemically. Thésg authors concluded that neutrophil alkaline phos-

phatase levels increased with cellular age.

et al (1975). "

An opposing viewpoint was presented by Spi
Using a cytochemical method ‘of asééy they /found that, upon removal
;f the spleen, the level of neutrophil alkatine phosphatase rose.
Their expiénaéian of this phenomenon was that’y@ung cells, ﬁéréaily’
sequestered in the spleen, were being released into the ciréuiatiaﬁi
In other words n3wiyeFéfmed cells Lad high levels of alkaline phos-
phatase activity which dezréésed as the cell matured. However Kaplow
(1976) suggested that the increase in levels witnessed by Spiers et
al was simpf§ a response to the surgical trauma. of spleneitgmy,_ On
the athef hand, a report by Dallegri ét é] (1979) supported the hy-
gathes?srgf Spiers et al (1975) sin;e they found that ﬁewiyéFQrméd
neutrophils of chronic myethEﬁaus leukémia grown in liquid culture
were qarmaf as far as neutrophil alkaline phosphatase activity was
ééﬁzgrﬁgd using Kaplow's cyt@;hgmfcal method. They suggest that
the‘iaw levels of neutrophil alkaline phésphatase usually sgéﬂ in
chronic myeloid leukemia are due to accumulation aF'ageﬁ alkaline
phosphatase-negative ﬁeutEaphils.' Mishler ‘and Williams (1980)
compared peripheral blood levels of neutrophil alkaline phosphatase
in hga!fhy volunteers before and after a challenge of aetiocholanolane
or prednisolone, both of which are known to release neutrophils
from the bone marrow res:rvgi, They found an jniraésg in alkaijﬁe
phosphatase lgvgié concommi tant w{th an increase in the number of

immature neutrophils and concluded that alkaline phosphatase levels



in neutrophils decrease with increasing age. o »

A similar situation was found in rats by Williams in 1975 who
reported a highly significant negative correlation between the age
and the alka]iée phosphatase levels of the:ﬁeutraphils. fn addition,
levels of alkaline phosphatase rose in the circulating ﬁeutréph?is'
of rats under conditions where a cell population younger than normal
was present (Williams and Johnson, 1976). In 1978, Williams et al
foﬁnd’higher ieve]s in bone marrow neutrgp;ils thaﬁ‘iﬁ circulating
neutrophils in rats.

It is evident from these conflicting reports that further in-
Qestigati@ﬁ ié required to establish what the relationship is, if
any, between cellular levels of alkaline phosphatase ané the age
of the cell. !

7. ‘gggtfggbiliglﬁg}ipgﬁpha;pﬁata;e levels in the normal population
- S

The Aftogeny of human neutrophil alkaline phosphatase was invest=
i§étéd by Kelemen et al' (1978) using the cytochemical method of Hayhoe
and Quaglino (1958). They reported that embryonic éeutraphils in
the liver and early bone marrow neutrophils were negative for alka-
line phosphatase activity during the first trimester of pregnancy.
Occasional cells with a strong neutrophil alkaline phasphatase xe-
action appeared during the second trimester and activity increased
greatly in the third trimester. Term babSéffhad slightly higher
than normal neutrophil alkaline phosphatase activity ié théir cir-

Culatiﬁgziéllsi 0'Kell (1968) used Kaplow's (1955) cytochemical

method and reported elevated levels in the infant at birth, a slow

decline during the first five days of life, and a rapid fall from

the fifth to tenth day of life with normal childhood levels being

[
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reached by the fifteenth day. This pattern of alkaline phosphatase

levels was similar to that of estrogens and. progesterone. Sadovsky .

et al (1975) used the same cytochemical methc& and noted a sigﬁiFif
canﬁ decrease in the neutrophil alkaline phosphatasé activity of
newborns on the fourth day after delivery. ..

Using a biochemical assay method Rosner and Lee (!968) showed
that cﬁildreﬂ have highér'!e;els of neutrophil alkaline phosphatase
~than adulgs do and that levels gradually decrease towards puberty.
Na differénzgé were appafgnz between the sexes in children, but sig-
nificant d{FFgFen;es were -found between men and women. Women dis;
played averaggf!gvgls which were 50% higher than those of men, although
_after menopause the values for women approached the Qalueséfér men
(Rosner and Lee, ISSB):

A sudden zytachemicallf—detezted increase in neutrophil alkaline
phosphatase levels in the middle of the menséruai cycle was noted
bf Gordon and Hunter (1965). This finding was cénfir%ed by Diamant
and Polishuk who inh 1979 reported that ovulation occurred when neu-:
_trophil alkaline phosphatase levels had reached a value five times
that of the basal level when detected cytochemically. They claimed
that estraggnscaused an inc?ease in level which was. later counter-
aéfed by progesterone. "A biochemical study of the enzyme by Crook
et al (198Q) detected diurnal variation of neutrophil a}kaiiﬁg _
phosphétase activity in three ngrmai males. -

Other hormonal effects on neutrophil alkaline phosphatase have
been detected biochemically. :Elevatian of levels occurred in re-
sponse to ACTH aﬁd-adrenal steroids (VQIEﬁtineiet al, 1957).

Rosner and Lee (1965) demonstrated that androgenic hormones inhibited



. alkaline phosphatase norma

e .12
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the enzymé. They also sugggsfed that growth hormone may!havéra
possible stimulating rQIE since the very high levels of enzyme

found in young children §radually decrease with the approach of

¥ .
puberty. ' ' ’ o
- «Thus, with so many factors affecting the 1év&is of neutrophil

iiy present and so many differences in

o

- methods of detect{on and expression of results, it is Qirtualjy o -

impossible to quote a universally-accepted biochemically or cyto-
chemically-detected reference range. Perhaps.the best summation

of the situation is to say that th% observations ﬁade by Hayhoe and

Quagliﬁo back in 1958 still hold t;ue today: fh§r§ is a large

normal fange of neutrophil alkaline phosphatase activity with no

clear relatrionship between the level of positivity and the leuko- . -
cyte count. However, once Qﬁe has established which method of de-

tection is to be used and what the reference range is for tﬁat

method:rthe test "has several useF;l clinical éﬁpliéatigﬁsé This

aspect is ;iscussed in a later section of this cha@éer,

8. Medicab conditions associated with abnormal levels of .

£

neutrophil alkaline phosphatase:

Although Valentine et al (1954) mentioned that neutrophil a1§=
line phosphatase was increased in four gravid women, .Pritchard (1957)
is generally given credit for the discovery QFysigﬁiFicantly increased

neutrophil élkaliﬁe phosphatase levels during pregnancy. Using a

cytochemical assay hé found that an increase usually.appeared dur-

_ing the first trimestar, with Jevels reaching a plateau during the

second trimester and rising abruptly during labour and the early

post-partum period. This was confirmed by Quigltey et al (1960) who,
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using Kapl@s's me thod, also noted that high levels were maiﬁtaiﬁed
throughout the first past*partu% week but decreased back to normal
during the next six weéks! Thé mechanism for this increase during
pregnanﬁy is not known although it has been suggested that it is
related to the increased praducélan of corticosteroids during normal
pregnancy (Pritchard, 1957). It has also been shown that this
increase in the level of neutréphil glka{iﬁe phosphatase is inde-
pendent of the placental form of alkaline phaspsatase which appears

in the serum during pregnancy (Diamant et al, 1970; Findlay and

it |s ai;;a-wgil documented that levels gf%eutrcphii alkaline
phosphatase are increased in cases of pyogenic infection (Haihstein;
1946; Valentine and Beck, 1951; Wiltshaw aﬁﬁ Moloney, 1955) although
the reaspn for the increase remains obscure. As mentioned earlier,
although it was at one time thought that alkaiing phosphatase was
involved with bactericidal aﬁtiﬁityi this view has been challenged
by De Chatelet et al (1979). Centrary to the case of adults, Donato
et al (}379) found low neg;raphil alkaline phosphatase activity in
all infected newborn infants.

Mahy hematological disorders have been associated w}th changes
in iéukacyte alkaline phosphatase levels. Increased levels have been
rgpgrt:d to occur in polycythemia rubra vera and myelofibrosis with
myeloid metaplasia (Mitus and Kiossoglou, 1968 and references there-
in) and in Down's éyndréme (see. Tangheroni et al, 1971). Further-
more, the increase in activity in these cases is not related to
qualitative changes in the enzyme (Rosenblum and Petzold, 1973;

Tangheroni et al, 1971). Decreased levels have been réparted in



pernicious and aplastic anemia (Rosner and Lee, 1965), a case of
monocytic leukemia (Garg and Silber, 1972), a case of hairy cell
leukemia (Zeya et al, 1979) and in classic haemophilia and Von
Willebrand's disease (Jankovic, 1979). Grozdea et al (1980) disputed
Qaﬁkavic‘s results and found that age affected the neutrophil alka-
line phosphatase score and that some haemophiliacs with no treat-
ment had high scores. An early-discovered (Wachstein, 1946) and |
intensely-studied decrease in neutrophil alka}iﬁe phosphatase is also
found in chronic myeloid leukemia. It -has now been established that
‘in this condition there is not an abﬁarmalzfarm of the eﬁzym& present
but rather a decrease in the ltevel of the normal enzyme p%cteiﬁ
(Rustin and Peters, 1979; Wilson et al, 1981). it ?;s also been
shown in two independent fepafté that an extrinsic factor contrals
neutrophil alkaline phdﬁﬂha;ase synthesis in chronic myeloid leukemia
" since ceils.%ram patients with this condition and low alkaline phos-
phatase activity dgvelgped an increase in activity when injected”
i%tg individuals who wg}e net SuFFerjng from this condition (Schiffer
et al, 1979; Rustin et al, 1980). Hellman and Goldman (1980) atso
supported this Eéﬁieﬁteéf external modulating influences on neutro-
phil alkaline phosphatase since they found cultured chronic myeloid
leukemia neutrophils had high levels of alkaiinerph95§hatase activity.

9. Clinical applications

By %ar the,mgst widely used ﬁiiﬁicai application of ﬁeutraphiix
alkaline phosphatase levels is as an aid in differentiating be-.
tween leukemoid reactions and éhraﬁié myeloid Iéukemia since in
these two conditions the pEFiﬁhgrél blood picture isrsimilar. Usually

a oytochemical stain is employed which reveals elevateﬂ alkaline phos-

#
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phétase levels .in a leukemoid reaction or substantially reduced
levels in chronic myeloid leukemia.

More fecently Diamant and Polishuk (1979) have advocated the use
of the leukocyte alkaline phosphatase .cytochemical stain to iﬁdisaze
ovulation. They reported successful conception in six women who were

artificially inseminated on the day when Ehe leukocyte alkaline phos-

phatase relative score reached a value of five times the basal lével.

Grozdea et al (1981) reported that levels of granulocyte alka-
line phosphatase in blood smears which were stable to heat (65°C for
10 min) rose during the first trimester of a normal pregnancy. By

contrast, spontaneous abortion during the first trimester was accom-

panied by a drop in the level of thermestable alkaline phasphatase.

They recommended that this tecﬁniqug be used to monitor women with
a history of repeated spontaneous ébDFEiDﬁS»SiﬁEE a }ising level of
thgrm@sﬁable alkaline phosphatase seemed to indicate a Fav&urably
progressing pregnancy whereas a drop in activity seemed to indicate
an approaching migiarr}ageg |

Donato et-al (1979) indicated that low leukocyte alkaline phos-
phatase activity in newborns may be helpful in the diagnosis of neo-
natal bacterial infections. Studying an adult population Mackie et
al (1979) cch&lgdgd that although mean Iegkacytg alkalingﬁg?@sphatase
levels were sigﬁiF{Eantly‘elevated over normal in cases Qé%gystgmié
aﬁd_jacalized infection there was considerable overlap of individual
scores in gg;h patient group ;h?ch severely limited the usefulness
of the technique for the diagaas?s of infection in apy individual.

Harper and Quigley (1961) suggested the usé of a cytochemical

leukocyte phosphatase stain for simple and rapid detection of preg-

15
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nancy. They reported positive results very early after fertilization

and claimed tha Ccuracy was comparable to commonly employed
pregnancy tests based on chorionic gonadotrophin. This usage never
became popular, presumably because of the non-specificity of the

test.

iDTﬁﬁzikaiiﬁeﬁphgsphatgge aétiyi;y in ieracytes;gtﬁgr than

- =

neutrophils

Many studies using cyta;hémigél methods have reported that
lymphocytes displayed no alkaline phosphatase activity (Kaplcw, 1568;
Timperley and. Ahmed, 1970; Nanba et al, 1977) and low levels of
activity detected biaﬁhemiia!iy iH iymphaﬁyte‘5u§pgﬁsians were
attributed to contamination by neutrophils (Tittobello and Agostoni ,

1967). In 1969, Kaplow regartgd the cytochemical detegtia% éF weak .
to moderate alkaline phcéphatase activity in a small percentage (0 - -
71;5%) of normal peripheral blood ?yﬁphac%tﬁsi No significant diéfé&f
ences w&réiFaund between adults and children, males and females,

or healthy and h@spi%aii;edviﬁdividuals, A study by Ruuskanen et

al (1975) investigated alkaline phasph%gase act;;ity ultracyto-
chemically in guinea pig thymocytes. They reported alkaliné phos -
phatase%agtivity was é Fe%éufe of . immature T ;ellsi and maturation

was associated with a iassKin enzyme content so that alkaline phes-
phatase.aétivity was not seen in circulating T cells. Using a bio-
chemical assay, Kramers et al (1978) detected measurable activity in
;armal peripheral_ﬁ]oad lymphocytes but their granulocyte iéntamié
nation ranged from l.t@ ID%, TheyAél%g detected higher levels in

cord blgqé which aantajﬁs many ﬁaﬁﬁT énd néﬁ‘EyiymphééytES but few

T lymphocytes. A later study (Foa et al, 1979) fractionated normal



.human lymphocytes. and found most alkal ine ph@gphgtase activity
associated with the Fractfcﬁ which had low numbers of T lymphocytes
and high numbers of non-T, non-B lymphocytes. Perhaps low levels
of alkaline phosphatase are normally associated only with non-T,
non-B Iymphﬁcytes'and since these cells constitute only a small
proportion of the normal circulating lymphocyte population the
negative rgsult§ ébtsineé with'mcst cytochemical methad§ of assay
are readily explained. Increased levels of alkaline phosphatase
in lymphgcytgé have been detected in certain lymphatic ﬁéaplasms.
. This point will be elaborated upon in thé following section.

The granules of eosinophils from several species have bFEﬁ
shown to contain alkaline phosphatase. However, studies of human
eosinophils have been few due to the difficulty of ébtaining ade-
quate cell numbers and purity. Cao et al (1973) reported that
the chemical and physical pr@perties of easiﬁépHSI a]kaiiﬁe phos -
phatase were similar to those of neutrophils but their cell popu-
lation of eosinophils was described as ''rather pure''. West et al
(lS?S) isolated the granules from eosinophils of patients who ex-
hibited eosinophilia and reported they totally lacked alkaline
phosphatase éﬁtivity}: Williams et al (1978) demonstrated that al-
kaiine phosphatase aitfvfty was present on the external membrane éF
rat eosinophils, and not in the cell's dig;iﬁitive red granules.
Perhaps alkaline phasphatasg, if present at all, in human eosino-
phils is located on the plasma membrane. This would explain the
fiﬁdings of West ét al (1975). In an§ éQeﬁt, aika;?ﬁg phéséhétage
activity due to eosinophils is reiatfvely insignificant. in the nor-
mal human leukocyte population because eosinophils constitute such

a minor proportion of the white cells present.
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11. Alkaline phosphatase in malignancies

~The ability of tumour cells to produce certaip types éF alka-
line phosphatase thch subsequently appear in the serum is now widely '
appreciated. Several examples of this phEﬁémenan aré:revigwed by
Fishman (iS?&j. Perhaps the mast-widgiy known example is the ''Regan
iscenzyme'' which has properties similar to the placental isoenzyme
of alkaline phosphatase. It has been suggested that synthesis of
placental-like alkaline phosphatase by maliagnant cells is the result.
of derepression of .the structural gene locus which is responsible for
theipraduﬁtigﬁ of the §1a§en£ai gn;yme)(Fishmaﬁ et al, i?éB)i,

There have Eeen Severai:repﬂrts of increased levgis of alkaline
phgsphatage in negpliﬂﬁ: lymphoid cells in mice (Metcalf et al,
ISEZE Lumb and Doell, iS?D; Neumann et al, 1970; Haran-Ghera et
al, 1972). -

» A similar sitgatiaﬁ.has beén reported in humans by Neumann et

al (1976) who claimed that an alkaline phosphatase with unique
catalytic properties was present in human lymphoblastoid cell lines
and leukemic ﬁeiis. A later rgpaft (Neumann et al, 1979) claimed
that this enzyme was also found in the sera of pétiéﬂts with iymphaé
proliferative disorders. The existence of a marker enz%me for these
candiéians Hauid'kg extremely useful diagnostically in order to
establish whgtth ieils havg‘a lymphoid or myeloid origin. It

would also have therapeutic value since it could be used to Faiiawk
the course of trgatﬁeﬁti Nanbe et al (1977) identified alkaline
phosphatase activity only with & restricted class of B+ckl! lymphomas

whereas Poppema ét al (1981) reported alkaline phosphatase in both

=

ormal and neoplastic lymphocytes of B-cell lineage.

PN
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It has not been clearly established whether ;he alkaline phos-
ghétase a% normal lymphocytes and that present in lymphomas are the
‘same form of the enzyme although Damle et al (1979) reported that
the alkaline ph@sphétase which they detected in hemopoietic tumours
was a '"heat-labile Regan type of alkaline phosphatase''.

It is evident from this discussion that further investidation is
also required in order to elucidate the presence and properties of
alkaline phosphatase in lymphoproliferative qisgrders.

There have been suggestions that alkaline phasﬁhatase activity
in néétrﬁpﬁi's is increased over normal in cancer patients (Uél;éh
et al, 1981) and further increased in patients who have metastatic
spréad. Ho et al (1979) also studied neutrophil alkaline phasphatasg
in patients with malignancies but found an in;reasg over normal énly |
in Hadékin's disease. However, Levine et al (1966) and Lokich (1977)
reported dgéreaégd levels in maiigﬁant disease. Once again, further
investigation must be awaited to clarify the issue.

12, Purposes of this investigation

The purposes of this investigation were basically two-fold.
lzitiéi efforts were directed téuafds study of the hydrolysis of
) éysteamiﬁE*Séphasphate by multiple forms of human alkaline phos-
phatase. Once it was gst;biisheé‘that ﬁuman forms of alkaline
phosphatase wergrﬁapabie of this type of hydrolysis, a study'af
!sera from patients with lymphoproliferative disorders was under-
taken in an attempt to establish the presence of a unique marker

alkaline phosphatase in these types of disorder. Later efforts
o

involved the isolation and biochemical quantification of granuiaéyté

alkaline phosphatase in a normal population. Further studies were



carried out to establish whether the enzyme in granulocytes is a
new type or is one of the three establicshed gene products of

alkaline phosphatase. Co
R -
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CHAPTER TWO
Materials and General Methods

A. MATERIALS

Unless stated otherwise, chemicals were purchased from Fisher

. Scientific Co. (Fairlawn, N.J.) and biochemicals from Sigma Chemical

Co. (St: Louis, Mo’). All compounds were generally of the highest
purity available.

* The compound 2-bromoethylammonium bromide was purchased from
Eastman -Kodak Co. (Rochester, N;Yi), Sadium thi@ﬁhgsphate was a
product of Alfa Division, Ventron Corp. (Danvers, Ma.).

Cysteamiﬁe-5=phasphaté (CASP) was synthesized aﬁﬁardiﬁg to the
methold of Akerfeldt (1959). The purity of CASP was tested by thin
layer chromatography on prg:aa;ed silicargel TLC shgets produced by
E. Merck Ag. {Dérmstad:, Ge rmany) .

A working solution of S,S‘Editﬁigbis(z-nitrcbgnzﬂic acid) was

.prepared by additiai of }he acid to a solution of 25 mM TES, pH 7.§,
followed by very slow addition of NaOH by means of an automated
SYringe, This procedure enabled the DTNB to go into solution without
Exfgnsive hydrolysis occurring.,

Sodium dodecyl sulphate.was a product of Bio-Rad Laboratories
(Richmond, Ca;)i Zapégglébin and lsaoton were purchased from Coulter
Ele;;ranics of Cah;da Ltd. (Oakville, Ontario).

Furifigd alkaline phosphatase from bovine intestine was a product

of Sigma Chemical Co. (St. Louis, Mo.). Human alkaline phosphatases

.



abtarnéﬂ from liver, kidney, Small-nntestunal mucosa and neutraphils
were purified by the method of Seargeant and Stinson (1979a) .with
minor madiFiEatiansi Partially purified aikaliﬁg phosphatase from
human pfaeenta (19 umol/min/mg) was obtained from Calbiochem- Behrlng
‘Corp. (La Jolla, Ca.) and FUFEHEF purified (Seargeant and Stinson,
1979a). A1l enzyme preparations were stored at 4°C in 10 %ﬂ TRIS/HCT,
pH 7.6, which contained I!D'mﬁ’ﬂgCTZ and 0.1 mH:Zanz; N

Fresh whole blood units ugfe supplied by the Red Cross Blood
TransFusiQﬁ Service (Edmonton). Heparinized Vacutainer tubes were
purchased from Becton Dickson Canada (Mississauga, Dét;). White
cell isolation and separation included the use of Dextran T500 pur-
chased from Pharmacia Fine Chemicals (Uppsala, Sweden) and Lympho-
prep, a product of Nyegaard and Co. (Oslo, Nérway). Serum samples
were thaiﬁgq from the University of Alberta Hospital and the W.W.
Cross Cancér Institute of Edmonton, Alberta and were stored Fra;gnr
at -20°C unti,) assayed. ‘

All water used was deionized and daubie distilled; glass distil-

lation constituted thg final st‘ep: The pH aF all buFFgr's ad-

justed with HC] or NaOH solutions. . o '

B. GENERAL METHODS .

1. De:erminatiagiafhthg purity of ;ygtegmiﬁeés-phaspha;g

.Thin layer chromatography én precoated silica gel TLC plates was
~performed to test the purity of CASP. A solvent system which consist-
ed of ethgnai:ﬁyrid?nézﬁéﬂ (10:5:8) followed by a spray of 1% (u/v)‘
CuClz:Sﬂzl(va) ethanol : 5% (VIG) NH3 was used as described by Dulis

and Wilson (1978). A single black spot indicative of CASP was the

P



result.

2. Alkaline phosphatase assays gs}pgAanitr@phggylth;phgpe as

substrate

Assays were generally performed as described by Bowers and HﬁCﬁﬂb
(1966) at 30°C in either a Beckman Acta Cllt or Cary Mode! 16 spectro-
phétg%eter which was equipped with a tgmperéture—ﬁantralied cuvette
haider aﬁd scale expansion. After a 10 min incubation of enzyme in
0.78 M AMP buffer, pH 9.0, which contained 1.5 mM HgCl, the réactie}
was initiated by additiaﬁ of substrate, praduéiﬁg an asséy mgdiuﬁ Qf
10.0 mM pNPP. The rate of product formation was monitored gaﬁtinuaﬁsly
at 4oL nm and linear reaction-rate curves were obtained. Eﬁzymiﬁ

activity was calculated from these curves based on a molar extinc-

tion coefficient of 18,700 (1 cm lightpath) for p-nitrophenol
(Bawers and ﬂgﬁambi 1966). One unit of enzymic a:tnvnty :arrespcnds

to Qﬁe'umgie of substrate hydrolyzed pe% min.

3. Alkaline phosphatase assays gsing;zystgamiﬁgésfth§phatgfas

Assays were generally performed as outlined b& Neumann-et al (1979)
;in which cysteamine released through hydml;/sis :c:F CASP py the enzyme,
is allowed to react with a sul fhydryl reagent, DTNB, to produce 5-
thia—ién{trabenzaic acid (Eliman, 1959). "All measurements were per-
formed at pH 9.0 bf necessity, due to the cvefwhglﬁ%ng spontaneous
hydrolysis of DTNB at a more alkaline pH. After a 10 min incubation
of the enzyme in 0.78 M AMP buffer, pH 5.0, whi;hvzantaiﬁad>i.5 mM

MgCl, at 30°C, the reaction was initiated by addntuan of the Substrate

2
CASP, followed by the immediate addition of DTNB. This resulted in

an assay medium composed of 5.0 mM CASP and 0.4 mM DTNB. The rate of

23
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‘product formation was monitored continuously at 412 nm by either a
BEERMEﬂ:ACEE Clil or Cary Model 16 spgﬁtraphaEaﬁeggr equipped with
3 temperature-controlled cuvette holder and scale expansion. Due
to the spontaneous hydrolysis aF“bath CASP and DTHE; as well as the
nonspecific rea§tian of DTNB with sul fhydryl groups of proteins,

-it was ne;eéSary to determine tEe rate of increase in absorbance
of the following three blanks:

a) DTNB in AMP buffer

CASP in AMP buffer

m
=8

*~b) DTN

an

c) DTNE

nd sample in AMP buffer

In all cases linear reaction-rate curves were obtained at 412 nm.

alkaline phosphatase in the sample was then obtained by subtracting

the amount due to the spontaneous hydrolysis of CASP (Ab-Aa) as well

- f
as the amount due-to the nonspecific reaction with serum proteins

and spontaneous hydrolysis of DTNB (Ac) from the total amount ob-
tained from the test system of DTNB, CASP and sample in AMP buffer.
An example of the type éF tracings obtained appears in Cﬁapteé Four,
Figure 4, Enzymic activity was calculated on the basis of a m@iaf
estfnétian coefficient (1 cm lightpath) for S’EhiQEZEHitFDﬁEﬁEQiEﬁ
acid of 13,600 (Ellman, 1958). One unit of enzymic activity is

-equal to the hydrolysis of one umole of substrate per min.

b, Leukocyte isolation- and separation

When whole blood units were obtained from the Red Cross Blood
- Transfusion Service, the majority of red blood celTs were removed by
"sedimentation for 2 hr at 4°C in the presence of 6% (w/v) Dextran in

0.9% (w/v) NaCl. The leukocyte-rich plasma was concentrated further
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by centrifugation. A hand-operated tissue grinder was used to break
up any cell clumps and form a smooth suspension which was then layered

onto tymphoprep and centrifuged at 800 x g for 20 min. The resulting

granulocytic and mononuclear cell layers were removed and resuspended’

in 10.0 mM TRIS/HCI, pH 7.6, which contained 1.0 mM MaCl, and 0.1 mM

=

ZnCIZ. |
Alternatively, 10 mL of whole blood was drawn from'a Red Cross
whole blédv unit into a heparinized Vacutainer tube. After Dextran

sedimentation at 4°C, the leukdbcyte-rich plasma was layered dirgatly

=

onto Lymphoprep, and treated as outlined abbove.

5. Butanol extraction procedure for leukocyte suspensions
, L LA AL, 2 —

Leukocyte suspensions were mixed on ice or at L°c for 30 min.

Triton xiiDé was then added to a concentration of 1% (v/v), and mixing
continued for a further 30 min. A volume of iébutanal_wkich had been
taaleé to —2o§c, equal to three quarters of the cell suspgns}an volume
was then added slowly at 4°C. After thorough mixing and centrifugation
“at 9000 x g at 4°C for 30 min, the agqueous layéréwas removed and

frozen at -20°C until assayed.

6. Protein determinations

The protein content of cell butanc! extracts was determined

al, 1978). Solutions of bovine serum albumin were used to prepare a

stsndard graph. Absorbance readings at 660 nm were made in a Beckman

Acta Cil| spectrophotometer.



CHAPTER THREE
Cystgamine*SiPhaséhate_Hydra]ysis by Alkaline Phosphatases
A. INTRODUCTION

I. General

Alkaline phospgatase is.a hydrolase which has a low 5p2§jFié{ty
and which thEFEFQreaéaﬁ acf‘upaﬁ a wide var?gtv of argaﬁié pﬁéséhatg
esters. Usually, however, its action is limited to monoesters af
grthaphaséh@ric_acid:,

In the mideSEQ'é.the hydrolysis of Sésubstitutéd monoesters DF_
phosphorothioic acid by phosphatases present in erythrocyte 6rggagf
ations was noted .by Kgrmaﬁ et al (1965). A few years later, deiésleﬂ

studies of this kind of hydrclysls were performed using ﬂuFlFli \

enzyme preparations cbtanﬁed Fram Es:herncla Eﬂll (Neumann, Boross

and Katchalski, 1967) and from chicken intestine (Qeumann, 1968).
With purified enzyme preparations from human tissue sourges

- now available it is of interest to investigate the behaviour of .

various multiple forms of human alkaline phosphatase with reaard to

‘the two classes of substrate mentioned above.

2. Substrate structure

The substrate used to represent the class of O-substituted
monophosphate esters of inorganic phosphate was the widely known
p-nitrophenylphosphate. Upon eszmatig hydrolysis at an>aikaling pH,
the phosphate group is c[eaved resulting in a high]y*é@‘épfed nitro-
phenolate ion which is easily measured spectrophotometrically as out-

lined in Chapter Two. :
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The substance used as an example of an S-substituted mgnagqter
of phosphorothioic acid was cysteamine-S-phosphate. Hydrolysis by
alkaline phosphatase occurs at the S-P bond (Neumann et al, 1967)
resulting in the formation of cysteamine and inorganic phasphagzﬁ\gyﬁfsj

as shown beian.

H H H 0 O H H 0
\ (N " \ o _ " _
N-C-C-S-P-0-=— N-=-=C-2¢C~-SH + 0-P-0
7 1 1 I 7 I 1 '
H H H 0 H H H 0
Cvsteamine-sbphaséhate Cysteamine Inorganic
. Fhosphate

In the kinetic assay system employed, the .liberated -SH group of ﬁhe
cysteamine reacts with a sulfhydryl reagent, DTNB, under first order
conditions. This results in the formation of 5-thio-2-nitrobenzoic
aﬁfd which is-highiy coloured and can be measured spectrathtghet-;

rically as outlined in Chapter.Two.
B. MATERIALS AND METHODS

Preparations of alkaline phosphatase were used which had been
extracted and purified essentially as described by 538F§E§§; and
Stinson (iS?Sa)JFrém théiféliéwiﬁg human ti53ue:§aur§es: liver,
kidney, small-intestinal mucosa, placenta and neutrophils. This
selection includes at least one representative of each of the
presently-known human alkaline phosphatase isoenzymes. Enzyme
prepared from calf intestine was also stgdiedi

Using each substfate; a Hichaelisgganstant for each puré mul -
tiple Férm of a]kaliﬁg phasphatase'ﬁas detérmingd from a double

reciprocal plot (Lineweaver and Burk, 1934). Substrate concentra-



tions ranging from 0.10 mM to 1.00 mM CASP and 0.005 mﬁ to 0.100 mM
pNPP, each in 0.78 M AMP buffer, which égﬁtaiﬁed 1.5 mM HQC]Z were
employed for all enzymes except the p]ace%ta]'Férm which required CAEP
concentrations ranging from 0.04 mM to 0.50 mM. The rate of enzymatic
hydrolysis in each case was measured as outlined iﬁ'ChS§§§F Two,
usihg a Beckman Acta ClI1 5§ectraphgtaﬁeter, HeasuremEnsgshq;E
repeated at leas$ once with good agreement.

. Mixed substrate experiments were performed at 30°C by megsgriﬁg
the irhibition of pNPP hydrolysis due to CASP using a buffer system
of 0:78 M AMP, pH 9.0, which contained 1.5 mM HgC]z._;The’hydrglysié
GFipNPP was monitored continyously at 40k nm at concentrations of
30 uM and 150 uM in the absence of and the presence of at least five
different concentrations of the'alternate substrate. The concen-
trations of CASP used ranged from 0.25 mM to 2.00 mM in all cases
except far the placental enzyme thre concentrations from 0,05 mﬁ
to 0.75 mM were required. Dixon plots were prepared from the data
and appakent K. values determined (Dixon, 1953). Measurements were

repeated at least once with good agreement.

€. RESULTS

alkaline phosphatase using pNPP as substrate. An example of such a
plot is shown in Figure 1. A linear relationship was obtained in all

cases, and a Km value for each multiple form was established from the

X-intercept of the appropriate graph. Results obtained wheén measuring

CASP hydglPysis were also good and therefore treated in a similar
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Figure

alkaline phosphatase utilizing pNPP_as substrate

Double reciprocal plot obtained for alkaline phosphatase purified

from human placenta. Hydrolysis of pNPP was measured at Loh nm in

ms

0.78 M AMP buffer, pH 9.0, which contained 1.5 mM HgCl2 as outlined

in the Methods section of this chapter.

Similar plots were obtained

for all other multiple forms of human alkaline phosphatase tested.
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manner, an example of which appears in Figure 2.

In the case of the mixed substrate experiments, Dixon plots

-

were prepared as shown in Figure 3. The pattern obtained is in-
\

_dicative of competitive inhibition and was found in all cases studied.

A value for Ki was obtained from the reading of the X-axis'at tﬁe '
point of intersectiqp of the two plotted lings} Due to the fact
that CASP was not acting strictly as a competitive inhibitor, but .
rather as an alternate substrate, the Ki values established using

v

’this ﬁethod were termed apparent Kis. This point will be expanded
upon in the Discuésion section of this chapter.

The Km values using both substrates, along with the Ki values
for all of the multiple forms of alkaline phqsphatése studied are
compiled in Table I. Examination of the qata revéa]s that although.
the multiple forms of human alkaline phosphatase have a similar
affinity for pNPP, the-affinity for CASP varieS'significaqtly amongst
them. However, a general trena is still apparent, in'that for both
substrates the small-intestinal mucosa Kms are the highest, the
placental Kms the lowest, while the others are intermediatembetwééh
the two. The K. values also reflecf.tﬁis trend and'simjlarly show
a magni tude 6fﬁten difference between the highest and lowest value,
although the actual Ki aqd Km values of CASP of each multiple fdrm
are nét equal. |

In-addition, it is apparent that only in the case of the calf

intestinal enzyme are the Km values for pNPP and CASP of a similar

magni tude.
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Figure 2. Determination of a Michaelis constant for alkaline phos-

phatase from human liver utilizing CASP as substrate

Double recipfgcal plot obtained from alkaline phosphatase purified
¥rom human liver. Hydrolysis of CAS# was measured at 412 nm through
use of DTNB in 0.78 M AMP buffer, pH S.D; which contained 1.5 mM
HgC12 as outlined in the Methods séFtiaﬁ'af this chapter. Similar
plots were obtained for all other multiple forms of human alkaline

phosphatase tested.

v e
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Figure 3. Determination of aﬁ'appafent’ki for CASP in a mixed

substrate systém;Fgfiaikaiiﬁé phosphatase from human

small-intestinal mucosa

Dixon plot obtained for aika]iﬂeAgh@sphatase purified from sﬁa]i-
intestinal mucosa. Inhibition of pNPP hydrolysis at a concentration

of 30 uM and 150 uM was measured over a range of CASP. c:c;m:entratiaﬁs

at 404 nm in 0.78 M AMP buffer, pH 9.0, whiéh contained 1.5 mM HgCl2

aé outlined in the Methods section of this ﬁhapter; The ﬁatterﬁ ob-
tained above is indicative of competitive inhibition and was also ob-
tained for all other multiple forms of human alkaline phosphatase tested.



Table 1 Enzymic hydrolysis of pNPP and CASP pyiglka]iﬁegghggpﬁata§g§

‘Tissue source Km (mH)b K (mM) € Apparent K. (mﬂ,)d
of enzyme
’ for pNPP for CASP._ 7 R

Small-intestinal v

mucosa 0.036 1.00 0.25
Liver 0.019 ©0.24 , 9.15
Kidney 0.023 0.4b4 | 0.15 -
Neutrophil 0.032 0.35 0.20
Placenta 0.017 0.09 - 0.03
Calf Intestine 0.26 0.47 0.24

a All measurements were carried out at 30°C in 0.78 M AMP buffer,

pH 9.0, which contained 1.5 mM HgClz.

=

b Km values were determined from double reciprocal plots similar

to that shown in Figure 1.

c Km values were dete(mined from double recipF§§31 plots similar

to that shown in Figure 2.

d Apparent'Ki values were obtained from Dixon plots of mixed-
substrate experiments in which the inhibition of pNPP hydrol-

ysis was measured, as illustrated in Figure 3.
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Values of v%ax for the multiple %arms of alkaline phosphatase
could not be ﬂEtE?miﬁEdgiiﬁéé the specific aitiﬁity of each of the
purified tissue sources of enz?mg was not knowh due to the difficulty
of protein dgterminatiaﬁs in the presence of Triton X-100. However,
relative-vmax va?ges could be decérmingd uﬂéer conditions of excess
“substrate. The ratios of the velocity of pNPP hydrolysis ﬁé the
veloéity of CASP hydf@lfﬁis for sach multiple form of human atkaline
phosphatase using a concentration of 10.0 mM pNPP and 5.0 mM CASP

1.5, placenta = 1.6,

were as follows: small-intestinal mucosa

“kidney = 1.8, liver = 1.9, and neutrophil 1.3. In light of the

fact that the vmax vé?ues for the muitiﬁle forms of pNPP are quite
similar (Stinson and Searaeant, 1981) the similarity amongst the above
velocity ratios indicates that the various multiple forms are capable
of hydrolyzing CASP at similar rates, although their affinities for

CASP are‘diffgrgnti
D. DISCUSSION

It is evident from these studies that all of .the multiple forms-
of alkaline phosphatase tested are capable of utilizing CASP as a.
Substraée. it is also apparent that the affinity for CASP amongst
the forms is quite variable. In addition, in all the multiple forms
of alkaline phosphatase from human tissue sources, the enzymes '
affinity for pNPP is much éreatEf than that for CASP.

It is interesting éa note that the Km vélu2§ for the human mul-
tiple forms of alkaline phﬂsﬁhaﬁsse can be divided into three groups:
a low value for the placental form, an intermediate cluster of values

for the liver, kidney and neutrophil forms, and a high value for the



sﬁall-ihtegt%na1 form of the enzyme. This finding is consistent
with the proposal that there are three structural genes coding
for human alkaline phosphatase. That is, there afe three true
isoenzymes; the piazgntalitypg, the intestinal type, and the liver/
kidney/bdne type. It is of interest to ﬁcfe that HEutréahi] alka-
linq\phosphatasg would also appear to belong ta‘the latter group.
This point will be’ inveéstigated further ijEhapter Five.

On a more practical levgi% the differences in K_ values for
CASP amongst the human multiple Férmg of alkafiﬁe phosphatase could
be of importance when considerina detection of CASP hydrolysis in
human serum. Considering that serum normally contains a combina- *
tion of‘the multiple forms of aikéiine phosphatase, the DFQ@QTE?@NSV
of which may vary in particular disease states, assay conditions
must be employed which will be suitable for detection of all forms
of the eﬁzvme, This point will be elaborated on in ‘the following
chapter.

The Km‘values of CASP and pNPP obtained from calf intestine.
which afe shown in Table I would seem to Ssupport the’earligr find="

ings of Neumann (1365) when using alkaline phgsphatase from E. coli

and chicken intestine and perhaps are typical nF enzyme obtained
from certain animal tissue sources. The findings when using human
multiple forms of the enzyme are strikingly different: in all tests
involving buman alkaline phasphatasé the gﬁzymg;‘ affinity for pNPP
is much greater than that for CASP. Thg'éifferEﬁﬁg in substrate
affinity Emﬂﬂgst the human multiple forms is understandable knowlrg
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reported from évidEhée obtained in Subéﬁit méiecular weight studfe;,
- peptide mapping,. heat inactivation and chemical inhibition studies
(Stinson and Seargeant, 1981).

The data obtained from the Dixon plots Féveal that CASP is a
éampeiitive inhibitor with regard to pNPP hydraigsis’byralkaline
phosphatase. This has been previously reported by Neumann et al
(1967) and Dulis and Wilson (1978). The values reported by the
latter group also demﬂasfrated a range of K; vajues determined |
from different sera. This may be a reFlegt}gn of the presence of,
or varying proportions of, different multiple forms of alkaline
phosphatase within each serum. |

Inasmuch és CASP is-actiﬁg.as an alternate substrate, rather
than strictly as a competitive inhibitor, a true Ri.is not deter-
mined by these experiments. The normal mechanism of a ﬂﬂmpetitivé

inhibitor is as follows:

k k.

B+ S —aES BE 4P

, k.

”’ 2

. ks

E+ I —=El

B

where Ki is equal to the dissociation constant of the El complex

k.

qr ?é‘ If, as in the case of CASP which we are considering to be
kg R .

1, the El complex can also dissoclate into free E and a seeond pro-

duct, the actual dissociation constant must have a second term added

to its numerator. However, since the Km and EBEE;EHE Ki vai;es
obtained are relatively close, and there is a considerable amount of -~
error associated with the DTNB assay of CASP hydrolysis, it is prob-

ably saﬁs to assume that the apparent Ki values are indicative of
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the true Ki values. This point gains impbrtance when considering
a mixed substrete assay in order to measure the amount of CASP
hydrolysis in a system. This possibility is examined in the

following chapter.



" CHAPTER FOUR

A Search for N-Ailkaline Phosphatase . s

g,

A. INTRODUCTION . ~—

1. General ; ’ ; ' s

As}shcwavin_th; previous ;haﬁte}.éalkaliﬁe=phas§hata§§s obtained .
from various tissue sources are all capable of hydrolyzing cysteamine-
S-phosphate (CASP). A ﬁumber of earlier studies of this type of
activity performed by Neumann. and co-workers are summarized below
'since they give rise to several i%pﬂ}taﬂt éuestien5:

In 1970, Neumaﬁn et al Fep@rée& that when either CS57BL/6 or AKRV
mice developed leukemia, there was ; substantial rise iﬁEEESSUE alkaline
gHQSphacase levels. In addition, although alkaline phosphatases from

Esgthiéia coli and chicken intestine were previously shown to hydrolyze

VpHPP and CASP at a similar rate (Neumann et al, 196Y: Neumann, 1968),
when tissﬁe homogenates of leukemic C57BL/6 mice were studied the
hYdFﬂlYSfS:GF pNPP wés_grggtly enhanced over that of CASP and t}ss;g
ﬁam@genates from leukemic AkR mice were not capable of hydrolyzing

CASP at all. A further study by Neumann et al (1971) reported that iﬁ
leukemic tissue homogenates from éS?EL/S, SJL/J and AKR s}rains éF

mice the ratio of the rate of hydrgiysis of pNPP to the rate of hydrol-
Aysié of CASP was greater than the corresponding ratio using nonleukemic
tissue homogenates. In addition, the pattern obtained upon polyacryl-
amide .gel electrophoresis of thymic alkaline phosphatase from leukemic
AKR mice contained a unique band. In 1971, Wilson et al reported that

when thymic lymphomas were induced by virus in C57BL/6 mice, an elevation
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of alkaline phosphatase activity appeared first in the thymus, and

then in the other organs, concurrently with dissemination. A study

by Haran-Ghera et al in 1972 reported that alkaline phospha;ase

levels in the thymus and lymph nodes were normal in SJL/J mice with
efther'a fetiiuium cell neoplasm or a myeloid leukemia, but were
elevated in SJij mice with lymphatic leukemia.

The relevance of these previous findings with regard to gumaﬁé
Qas investigated in a study by Neumann et al in 1974. She FEﬁéFtEd-:
J unique alkaline phosphatase in the sera éf pétfents with lymphatic
leukemia and infectious mononucleosis which was distinct ﬁram the
normal alkaline ph@§§hataszi The enzyme was desigpaied N-alkaline
phéspﬁataSE; N was derived from the Hebrew word ne-elam meaning un-
known. Its distinquishing characteristics were twofold; firstly,
the formation of a unique band uoon p@lyazrylémide gel’e1eztf@phargsis
of the‘sgrum, and secondly, the lack of hvdrolysis of Sssubstituﬁed |
monoesters of thiophosphoric acid. Further studies from Neumann's
laboratory (Klein et al, 1976; Neumann et al, 1976; Karpas et al,
1978) culminated in a report by Neumann et_al in 1979 which claimed

that the presence of N-alkalime phosphatase could be used as a poten-

“tial disease marker for lymphoproliferative disorders since it had

been detected in significant amounts in the sera, and in- some cases
the leukocytes, of most patients with these kinds of disorders, but
it was not found in patients suffering from myeloid leukemias,
various types of carcinoma, autoimmune disorders, or liver disease.
The existence QFAaﬁ unique enzyme marker for lymphoproliferative
disorders would be important both as a diagnostic tool and to follow

the course of treatment. However, studies performed by two other
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iﬁdepgﬁdent groups have been unable tQGSubstantiate or confirm the
above findings. Dulis and Wilson (1978) compared three normal sera
with twenty abnormal sera from patients suffering from infeagiaﬁs
mononucleosis, chronic or acute lymphatic lFukgmia; Hodakin's disease,

chronic or acute granulocytic leukemia, malianant melanoma, or lympho-
L 3

sarcoma. They found that CASP hydrolysis was impossible to measure
in seruﬁrusfng éhe DTNB procedure as outlined by Neumann due to in-
creases in optical density arising from other sources. Furthermore,
they were unable to detect a unique band upon polyacrylamide gel
electrophoresis of. the abﬁermai sara. A study bv Kelly et al (1979)
of sera from normal subjects and patients uitﬁ chronic lymphatic
leukemia revealed no significant differences between the two groups
in terms of the rate of hydrolysis of pNPP and CASP. In addition,
they concluded that the previously reported extraction and purifi-
cation procedures for N-alkaline phosphatase (Neumann et al, 1976)
were'unsuitable for human alkaline ahQSPhgtases.

In- light athhe aﬁgve cgﬁFlicting reports, a quthg? seéféh-FQF
N-alkaline phosphatase seemed to be in order.

2. Quantification of N-alkaline phosphatase

The quantification of N-alkaline phosphatase in serum poses a

problem in that it is an absence of activity which one must measure.

Therefore, Neumann dgviséd the following system for quantification
(Neumann et al, 1979).

tnitially she determined the ratio of velocity of hydralysig of
PNPP to the velocity of hydrolysis of CASP using sera from 20 healthy
individuals. The ratios thainéd ranged from 1.39 - 2.14 with a mean

value of 1.63 and a standard deviation of 0.5. Based on this value of
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.6,‘ﬁéumann then defined the following quantities:

Normal alkaline phosphatase activity = 1.6 (VCASP)

N-alkaline phosphatase activity = Total activity - Normal activity

’ =V - 1.6 (v )

pNPP, CASP

b4 of N-alkaline phosphatase present = N-alkaline phosphatase actnvagy X 100
Total alkaline phosphatase activity

)

= vapP - 1.6 (v

- VpNPP

CASP X 100

The ratio values obtained covered such a wide range that the standard

deviation was approximately 30% of the mean value. Neumann therefore

decided to consider N-alkaline phosphatase as present only when its
value represented more than 30% of the total activity.

3. Procedural modifications

Although a detailed outline of the methods used is &ncluded in
the Methods section of this chapier, a few points ére worthy of men -

tion.
[§ ]

Inasmuch as controversy exists as to the actual existence of N-
a s

alkaline phosphatase, it would seem logical to conduct a search for

it under optimal conditions. It is a well-acﬁepted fact that enzyme

-

activity should be measured under condit’g%s where zero order kinetics

°

are maintained, that is, where the velocity of the reaction is maximal

»

and dependent on only the amount of enzyme presqnt; It fol{ows, there-
fore, that the Qelocity should be independent of substrate Concentra-
tion and for this to be the case, the substrate concentratiqn employed
should be at lebst'twenty times the Km value of the enzyme forbthat

substrate. The Km values for the multiple enzyme forms which may

appear in human serum were presented in Chapter Three, and ranged

b
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from a value of 0.09 mM té 1.00 mM when usfng CASP as a substrate.
"Therefore a concentration of s.O_mM CASP, which was five to fifty

. timesﬁthe Km-va}ues, Qas eﬁployed in all assays of CASP hydﬁgjysis:
with the exception of one set where 1.0 mM CASP was used as suggested
by Neumann for purposes of comparison. ; higher concentration of CASP
could not be employed due to the.overwhelming amount of spontaneous

CASP hydrolysis and thus DTNB hydrolysis.

Due to this limitation of the DTNB method a mixed sgbstratg’methad

of assay was considered. In this case CASP hydrolysis would Le ascer-.

| (
tained by the decrease in pNPP hydrolysis due to competition for the

enzyme by CASP. This oroposal was abandoned for two main reasons.

Firstly, it is generally more desirable to make a direct rather than

indirect measurement. Spécifically, there would be less. error involved

in measuring a small increase in activity than in measuring a small
decrease in a large amount of activity, In‘additic’mi as discudssed
in Chapter Three, the Ki values determined for the enzymes were only

apparent. The actual gignificance and therefore the associated error
i

to the main reaction of E-pNPP to free enzymekandﬂp=nitrﬁphgnélatg,
is unknown. In light of these two éourtes of error it seemed more
desirable to pursue an approach of direct measurement of CASP hydrol-
ysis. Secondly, whereas in normal serum the rate of hydrolysis of
pNPP should decrease upon addition of CASP due'ta competition for

the enzyme, in a serum containing ogly N-alkaline phosphatase the
rate of hydrolysis of pNPP should, according to Neumann, rémain the
same upon addition of CASP §ince by her definitigﬁ‘the enzyme is

incapable of utilizing CASP. However, according to Dulis and Wilson

42



i #

(1978), a further defining ;haracterisﬁiﬁ éF N—aihaliné phosphatase
is that when hydrolyzing pNPP it is very readily inhibited by CASP,
100 to iODD‘times more so than is the normal enzyme. Therefore, the
rate of hydrolysis of pNPP of.a serum containing N-alkaline phospha-
tase would decrease upon the addition of CASP.

Thus, it would be extremely difficult to distinguish between the

presence of normal and N-alkaline phosphatase since both would exhibit

a decreased rate of pNPP hydrolysis when CASP was present.

L, oOutljne of this investigation

initially thj>rates of hydralysis of pNPP and CASP by all of the
previously used multiple forms of alkaline phosphatase were determined
using both 1.0 mM and 5.0 mM CASP in order to ascertain whether there

.is in fact a difference between the vela&izfes obtained in each situ-
s E

ation, and whether 5.0 mM CASP is closer to representing optimal -

conditions,

A study of normal sera followed in an attgmpt to confirm Neumann's
reported value of 1.6 for the ratio of the velocity of pNPP hydra|y§|5
to Ehe velocity of CASP hydrolysis by normal human aikaiiﬁe phospha-
tases (Neumann et ai,=19795,

A study of sera from selected hospitalized patiegts with three

general types of disorder was also carried out. Group I consists of

m

disorders which have been claimed by Neumann to be associated with the

_presence of N-alkaline phosphatase in the serum, namely non-Hodgkin's
IQ@phamas, infectious mononucleosis, Burkitt's lymphoma, and acute and
;hranicviymphatiﬂ leukemia. Group II éggsists of proliferative dES*V
orders which according to Neumann et al (1979) are not associated with

the presence of N-alkaline phosphatase in the serum, namely acute and

b3



chronic granulocytic Ieuke%ia and Hodgkin's éiseasgi Proliferative
diseases which have not b;Eﬁ previously studied for the presence of
N-alkaline phosphatase in SEfbm, namely myeloma, sarcomas and lung
cancer, are also included within this group. For purposes of Q@m-
parison Group III consists of conditions where patients have in-
creased levels of serum alkaline phosphatase due ef;her to pregnancy
‘or some kind of disérder other than a gfgiiFgratfve type. Finally,
pNPP and CASP hydrolysis were studied in butanol extracts prepared
from both neutrophils and lymphocytes of normal individuals since
it is of interest to compare the activity of the two cell linesAand
of serum.

The criteria used for the diagnosis of each of the above dis~

orders appear in Appendix 1|.
B. METHODS

The rate of hyd%giysis of CASP and pNPP was measured at 30°C .
essentially as outlined in Chapter Two. The buffer used was 0.78 M .

AMP, pH 9.0, which contained 1.5 mM MgCl When serum was measured

2"
for CASP activity the. DTNB and CASP blanks were corrected for volume -
by addition of heat-inactivated serum equal in volume to that of the

serum used in the test system. A Eanzentrétian of 1.0 mM CASP was

used for the initial set of studies but 5.0 mM CASP was employed in

in all instances.
lg'the case of lymphocytes, the alkaline phosphatase activity was

so low that the cells from several donors had to be pooled in order to

xtractions of the granulocyte

m

obtain measurable activity. Butanol

b



and lymphocyte suspgnsicns were performed as outlined in Chapter Two.

All sera and butanol Extracts were stored frozen at -20°C, and were
o

thawed immediately prigr to assay.
For eaeh specimen the velocity GF hydralysis of pNPP and CASP, as

"well as the ratio between the two, ngE—swas detg?ﬁln:d
) CASP

C. RESULTS
a

1. The effect of CAEEﬁCGﬁ&EPﬁEEf}?ﬂ‘Qﬁitﬁ27VE}Q§5CY76F pNPP hydrolysis %;;

to CASP_ hydraiysrs ratio

The hydrolysis QF 1. D mM and 5.0 mM CASP by eazéﬁaF the qulFlEd

t ratio %F .LL deter-

hunaﬁ enzyme preparations was measured, and the

EASP
mined. The FESU]tS Dbtanﬁed'appegr in Table II.
o i R "pNPP . a
Table TI The effect of CASP concentration on the v — ratio
_ _ _ __ CA3P
Tissue source ' - V'NPP pNPP
of enzyme B q T
o 1 CASP CASP |
B . 1.0 mM CADP 5.0 mMLASP
i — , A : i . — a
Small=iﬁtest}p3$
mucosa ! 1.5
Liver . 1.9
Kidney 1.8
Placenta 1.6
Mean x *° 2.8 1.7

a .VEIQEItY of hydrolysis is expressed as umol CASP hydrolyzed/
min/L of enzyme preparation in 0.78 m AMP, pH 9.0, which
contained 1.5 mM HgClzi at 30°C.

Comparing the hydrolysis of 1.0 mM and 5.0 mM CASP, it is evident

that the velocity ratio was decreased in all cases when a concentration



of 5.0 mM CASP was employed. Inasmuch as the concentration of pNPP

was constant at” 10.0 mM, the lowering of the ratios indicates an in-

used. Obviously at a concentration of 1.0 mM CASP the substrate had

limiting effects on velocity, and therefore zero order kinetics were -

not maintained, None of the values were close to the previously
reported value of 1.6 (Neumann et al, 1979) at a concentration of
1.0 mM CASP. However, perhaps by coincidence, the mean value .of

the ratios obtained when 5.0 mM CASP was employed was 1.7.

2. Alkaline phosphatase activity in normal sera

Thirty-six sera were screened for naormal levels of alkaline éhas-
phatase activity usihg a Technicon 12/60. The velocity of hydrolysis
of both pNPP and CASP, as well as the ratio between the two, were
determined for each. An exampngéF the tracings obtained when a nor-
mal serum was measured for hyér@lysis of CASP appears in Figure k.
Despite a large initial reaction between serum proteins and DTNB the
reaction had reached a steady-state after 30 sec. All the veiaéity
values obtained appear in Table III. Although the values for the
velocity of hydrolysis of both substrates vary somewhat, the velocity
ratios a%g quite consistent. A value of 2.1 + 0.5 was obtained for
the mean of the ratios as compared witH the previously reported value
of i;éri 0.5 (Neumann et al, 1979). The coefficient of variation
obtained was 24% which is slightly better than Neumann's value of
a value a% é%l»Fc% the veigiffy ratio Egtweéﬁ;QNFF énd CAéP,in ﬁDFﬁéi

séra.

30% (Neumann et al, 1979). A study by Kelly et al (1979) also reported
—_— : v s an
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Figure 4. Example assay of CASP hydrolysis in serum

" All measurements were performed at 30°C in 0.78 M AMP buffer, pH 9.0,

which contained 1.5 mM MgCl,. Cuvettes contained: a, DTNB in buffer;
b. DTNB & CASP in buffer; c, DTNB & serum in buffer; d, DTNB & CASP
£ serum in buFFgg. The rate of hydrolysis of CASP by alkaline phos-
phatase in the' serum was obtained from the rate of change in sbsorb-

ance of d - ¢ - (b-a).
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Table III -Alkaline phosphatase activity in normal }Eféé
Serum ,
Vonpp Vease - ~ Vowee
number ‘ - VEéSP
1 18.6 7.7 2.4
2 14.0 6.5 2.2
3 14.1 8.5 1.7 _
4 40.0- 17.7 2.3
5 20.5 10.9 1.9
6 49.2 26.3 1.9
7 2Q.2 10.3 2.0
8 23.4 11.9 2.0
9 18.7 6.7 2.8
10 16.4 5.9 2.8
n 22.5 10.3 2.2
12 22.5 8.3 2.7
13 13.3 6.1 2.2
14 1.7 8.4 .4
15 19.0 6.9 2.8
16 16.5 9.7 1.7
17 18.4 10.5 1.8
18 14,1 8.7 1.6
19 12.6 8.0 1.6
20 12.9 8.1 1.6
21 18.0 9.1 2.0
22 11.9 10.3 1.2
23 13.8 8.3 1.7
24 20.5 1.6 . 1.8
25 10.5 3.3 - 3.2
26 15.5 5.6 2.8
27 15.3 7.4 2.1
28 20.6 11.8 1.7
29 7.0 5.7 3.0
30 22.1 8.7 2.5
31 26.2 11.2 2.3
32 ¢ - 13.8 8.0 1.7
33 28.0 12.9 2.2
34 13.8 8.0 1.3
35 241 10.7 2.3
36 15.5 10.2 1.5
TAL x + S.D. 2.1t 0.5
c.v . 243
a Alkaline phosphatase activity is expressed as umol pNPP or CASP

hydrolyzed/min/L of serum in 0.78 M AMP, pH 9.0, which contained
1.5 mM HgCIZ, at 30°c.
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3. Alkaline phosphatase activity in sera GFiggiigntsrjﬁ G§Qup 1

The résults_cbtaiﬂed from sera of patients with disorders of Group
I are sumerized in Table 1V, Th3521FESu‘t§ are similar to thQSE
obtained with normal serum (Table.III) in that although considerable
variation within each type of disorder occurs among the individual
values for vaPP and for VEASP the velocity fatiés are again quite
consistent. When éhe meanlgglaiity ratio Fér each of the four types
of disorder is calculated aﬁqbthese are compared, a very close simi-
larity amongst them is apparent. More importantly these mean velocity
ratios do not differ significantly Fra; those of the normal group
shown in Table III. ’IF N-alkaline ﬁh@spha;aée were present in these
Group I sera, as claimed by Neumann et al (1979), the velocity ratios
would have been greatly increased as compared with those of normal
sera since CASP hydrolysis would not have occurred.

L. Alkaline phosphatase ;;;fyi;yﬁigrggfa of patients in Group

i

£ it

Patients who were suffering from disgrdgrs included in Group II
also had their sera studied for alkaline phosphatase éﬁtiyitY@ The
results appear in Table V. Once again, the ratio values obtained are
very simiiar to those of the normal group. .Although patients with
myeloma have a proliferation of B lymphocytes and should therefore
be included in the tymphoproliferative group, sera from these patients
had not specifically been claimed by Neumann et al.(5973) to contain °

N-alkaline phosphatase. They were therefore p]aﬁgﬂ'iﬁ Group II.

5. Alkaline phosphatase activity in the sera of patients in Group III
There was the possibility that sera with increased levels of alka-
line phosphatase may behave differently from sera with normal levels.

For this reason sera from six pregnant women were included since they
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Table IV ’ éiiqijEF phoiphatase activity in sera ‘rom
patients in Growp I *°° . "
e, . ¥
Typm of v V. V.o
disorser oHeP CASP (EHPP
o B ‘case
Lymphome - 5h.& 7.1 2.0
- 19.& 1.2 1.8
13.6 9.6 1.4
21.2 0.1 2.1
4.6 10.4 2.4
2.9 16.8 1.8
15.2 6.5 2.1
5.8 7.9 1.0 .
1.9 8.7 1.6
21.9%-. L 1.3
15.9 7.2 2.2
8.1 7.6 2.4
11.5 h.0 2.3
8.6 7.7 1.4
19.4 9.6 1.0
) 22.3 9.3 2.4
Xt 5.0. 2.1 2 0.3
Infect ious 34,0 20.5 1.7
mononyuc leosis® 28.1 ih 2 2.0
6.1 3. 2.0 . !
, h5.1 20.8 1.2
x 2.0
Chrenic lymphatic 13.9 6.8 2.0
leukemia® 16.1 5.8 ¥y -
_ 7747 13.8 8.2 1.7
x ' 2.2
Burkite's | mohome 17.2 9.1 1.9
Acuts lymphatic 131.4 10.2 1.3
laukamia“
Si—— ;77 - ' %
TOTAL = = 5.0. . 2.0 = 0.4
c.¥. : 20%
— — —— N _ ) _ ) -

& Alkaline phosphatase sctivity is ENpryssad a3 .mol pNFF or CASP
hydrolyzed/min/L of serum in 0.78 M AMP, pH §.0, which contained
1.5 mH "‘?E'z! at 0%c.

[} Grouo 1 consists of disorders which have bean claimed by Meumsnn

to be associatad with the presancs of N-alkaline phosphatase in
tha searum (Meumann at al, 1979),

"€ Whare fawar than- five values wark available, a 5.0. was nat
calculatad.



Table V Alkaline phosohrafase sctivity in sera from .
' tients in Groud II"D
Type of Vonrr Voase Youps  ”
disorder T R—
CASP
Hye loma 4.3 3.6 2.5
18.4 19.§ 1.8
16.0 8.5 1.9
6.1 12.6 2.1
13,4 1.1 L3
13.5 7.1 2.6
7.0 16.2 - 2.6
20.6 7.9 J 1.6
2.8 10.5 1.2
60.3 n.2 1.9
— 1.1 7.6 2.4
x:%0. . 2.4 2 0.7
Acute myalaid 11.h 6.9 1.9
laukamia 16.3 7.7 2.1
23.5% 11.5% 2.0
23.0 10.2 2.3
e 93.3 51.6 1.8
x 5.0 2.0 0.2
Lung Cancar 8.6 10. % 2.4
17.3 1.7 2.2
. 137 6.1 2.2,
15.0 1.4 2.0
_ 32.0 1h.2 2.3
x ¢ 5.0 2.2 0.2
Hodgkin's disui@é 15.3 6.6 2.k
20.1 9.8 2.1
76.6 8., 2.0
_ 28 10.4 2.7
x 2.1
Sarcome® 1.6 6.7 2.5
1.8 tz2.1 2.8
- _ 6.7 ‘ 20.3 1.8
x : 7.h
TOTAL x £ 5.0. . 2.1+ 0.5
[ Y 22%

& Alkal ina phosphatasa activity i3 axpressed as umol pHPF or

CASP hydrolyzed/min/L of sarum in 0.7R M ARP  oH 3.0, which

contained 1.5 m mgCl,, at 30°C.

w

phosphatase in the serum and disorders which have not besn

in the serum (Neumann =t al, 1979).
¢ Whara fewar than five valuas ware available a 5.0. was not.

caleulated.
E 3

Group I1 consists of proliferative disorders which according
to Neuminn are not associated with the presence of N-plkalins
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are readily available and known to contain high levels of the placental

form of alkaline phasphatase. The behaviour of this gf@up of sera

isSshown in Table VI. The ratio values obtained appear to be slightly

lower than those of the normal group (TSble III). There is no apﬁarent

explanation for this, althgugh the ratio obtained for the purified

preparation of placental aikalin: phosphatase was lower than that of

the liver or kidney forms (Table II).

Table VI Alkaline phosphatase activity in sera from
patients ?ﬁrﬁfﬂgﬁ:iII b
Description v Voo en V... .
of patient pNPP CASP EHPP
PR - CA;F
Pregnant 21.0 {7;8 1.2
13.8 8.3 1.7
53.9 33.0 1.6
1.1 5.5 2.0
11.6 7.9 1.5
v - 26.1 13.4 1.9
X t§. . ‘ : 1.7 £ 0.3
Increased enzyme 77.5 37.6 2.1
activity® 117.4 53.8 2.2
- 104.9 50.7 2.1
X 2.1
TOTAL x + $.D 1.8 + 0.3
c.v 17%

a Alkaline phosphatase activity is expressed as umol pNPP or
CASP hydrolyzed/min/L of serum in 0.78 M AMP, pH 9.0, which
contained 1.5 mM HgClz,'at 30°C.

b Group III includes conditions where patients have increased
levels of serum alkaline phosphatase.

¢ Where fewer than five valued were available, a 5.D0. was not

calculated.



Three éatients with disorders other than a p?ﬁliFerative type who
were known from previous testing to have increased serum levels of
alkaline phosphatase were also studied. Results also appear in

’ .
Table VI. Although the velocity of hydrolysis of each type of sub-
strate was considerably iﬁéreégedi the velocity ratio of pNPP to
CASP was still found to be similar to the normal group (Table III):

6. AlLajingiphg§ph;ta§g activity in butariol extrdcts prepared

ngmfngfpgl leukocyte suspensions

Butanol extracts of normal granulocyte and pooled lymphocyte
cell syspensions were studied for alkaline phosphatase activity
1

towards pNPP and CASP. The results obtained appear in Table VII.

There is no significant difference between the mean velocity ratios
i

obtained from each type of cell, and in both cases the values are

similar to those obtained Fgr normal serum., There is no apparent

reason for th§ large coefficients éF variatig% in this group.

3
These differences are perhaps related to the isolation and extrac-

tion procedures which the cells have gone thrgugﬁ. In the case
of the lymphocytes it is difficult to establish whether true lympho-

cyte activity is observed or whether it is just a reflection of

the activity of contaminating neutrophils.
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Table VIT Ajgaljgg,phagph;ﬁaseﬁaﬁtjvity iﬁrpu;aﬁa{;e;ttacg§
prepared from normal Ieukpiyterguspgﬁsjpﬁsg
& ' . B ] )
Type of v V., vV o
) pNPP ; CASP “pNPP
cell _ - o Vease
Efanélééytesb 20.1 6.8 3.0
25.6 8.3 3.
81.6 17.5 b7
18.9 10.5 1.8
7.4 7.6 i.0
65.8 35.7 1.8
L8.5 26.6 1.8
39.5 19.8 2.0
1.1 7.6 1.5 -
91.8 h6.3 2.0
b3.3 23.9 1.8
_ 6.7 6.0 1.1
£ 5. 2.1 1.0
Lymphocytes '€ 11.3 7.6 1.5
' 10.4 6.3 1.7
5.2 3.0 1.7 .
4L 2.2 1.9
_ 6.4 3.9 ; 1.6
X tS.D 1.7 ¢+ 0.2
TOTAL +# 5.D 2.0 £ 0.9
c.v 453

a Alkaline phasphatase activity ig expressed as umol pNPP or
CASP hydrolyzed/min/L of cell suspension in 0.78 M AMP,
pH 9.0, which contained 1.5 mM HaClz. at 30°C.

b The ﬁumbgr of Teukocytes/ml of suspension varied dependnﬁq
on leukocyte yield from whole blcod.

¢ Lymphocytes from several donors had been pooled in order to

obtain a measurable amount of enzyme activity.

7. Summary of results

A summary of the mean velocity ratios obtained in the above groups-

of samples is contained in Table VIII.

L 4



Table VIII Summary of the ratios of pNPP to CASP hydrolysis

-

in human sera and butanol extracts of human

., a
¢ _leukocyte suspensions
Type of v S.D. c.v.
‘sample . meﬁﬂi
CASP o .
‘Normal sera . 2.1 + 0.5 2L4%
Group I sera 2.0 + 0.4 20%
Group II sera 2.3 + 0.5 . 22%
Group III sera 1.8 + 0.3 17%
Butanol extracts 2.0 + 0.9 L5%
of leukocytes
TOTAL x 2.1 + 0.5 . 24%

a . Alkaline phosphatase activity is expressed as umol pNPP or
CASP hydrolyzed/min/L of serum or cell suspension in 0.78 M
AMP, pH 9.0, which contained 1.5 mM HgClz, at 30°C. ’

The ‘velocity ratios obtained for the five groups studied are”
all very similar and no significantly large differences in ratio
. v o
are evident. The average value obtained for the VE!Ei ratio was

‘ 2.1. When Neumann's definition is followed and a 52?23 of 2.1 is
used for the calculation of the amount of N-alkaline phosphatase
activity prefentlin the variety of sera tested the result is below
30% in all‘caseég ié most instances it is well below 30% or zero.
Therefore, there appears to be no evidence for the existence of an
unique form of alkaline phosphatase e?ther in those disorders fn'
which .it.had been claimed previously to be ﬁréSEnt (Neumann et al,

1979) or in a variety of other disorders, both proliferative and non-

proliferative.
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D. DISCUSSION

The results obtained in the present study_5uppbrt the repdrts of
Dulis‘and wilsén (1978) and Kelly et al (1979) which challenged tge
claim# of existence of such an enzyme as N-alkaline phosphatase.
What then, is Fhe cause of the abnormal activity whicg Neumann
eéhtinually seems Eo find? It is mostrlikely that the anéwér lies

within her assay methods.

There are several aspects of the method used for detection of

-

CASP hydrolysis as outlined by_Neumann ef al (1979) that make it

either unsuitéble or at least non-optimal for use with serum. The
foremost problem in the original assay method is the doncentration

of substrates employed. As mentioned earlier a contentration of

1.0 mM CASP is uﬁsuitable for a serum assay‘since it is known that
the.multiple forms of alkaline phosphatase which may be present in
serum have Km values for CASP rénging from 0.09 mM fo 1.00 mM (Ch;pter_
Three, Table I). Further, in this study the velocity ratiaos of all

of the muit'ple forms of.human alkaiinebphosphatase increased when

the CASP concentration was increased from 1.0 mM to 5.0 mM (Table II)..h
Obviously a lack of substrate was limiting the ;ate.of reaction when

a concentration of 1.0 mM CASP was employed. Theoretically for éssays
with 1.0 mM CASP the greatest error would occur when the intestinal "
form of alkaline phosphatase was present since its Km value and the
substrate concentration would be the same. It is now known that many
individuals who are blood group 0 or B, secretors, or lLewis-b positive
(approximately 60% of the population) possess an intestinal component

y
~in their total serum alkaline phosphatase. Therefore an assay method



for human serum which gmgléfé a concentration of only 1.0 mM CASP
is not acceptable. In this study a concentration of 5.0 mM CASP was
employed for all sera and cellular extract assays of CASP hydrolysis.
The highest K value for pNPP obtained from the multiple forms
of human alkaline phosphatase was 0.03 mM. ‘Thergfgrei a concentra-
tion of 1.0 _mM pNPP should be moere than adequate in order to overcome
any substrate inhibition. However, as Dulis and Wilson (1978) pointed
out, there is still a signiFjﬂaﬁt’prgblem concerning competition by
phosphate esters contained within the serum for the enzyme. These
authors found that when a §ix=FG]§¥éi]utiDﬁ of normal serum was used
with 1.0 mM pNPP more than twice as much phosphate was produced as
p-n{trophena]. This was due to serum phésghaté esters which acted
as substrate in édditiaﬁ to pNPP. However, this type of interfer-
ence can be substantially reduced through use of 10.0 mM pNPé as is

commonly employed in routine alkaline phosphatase assays. Therefore
.

by increasing the substrate concentrations to 5.0 mM for CASP and to

10.0 mM for pNPP both substrate inhibition and serum phosphate
ester interferente should be virtually elimiéétedi
: A'secand major f]aw in Neumann's assay method of CASP Hydrgly;is

. o , ” | )
DTNB, CASP and/buffer was included it would account only for the
spontaneous hydrolysis of DTNB and CASF. Hawevg?, the reaction of
sul fhydryl groups of serum proteins is extensive although slow and
occurs with a declining rate over a period of 30 min (Dulis and ﬁilsgﬂ,
1978). This factor gains even more significance when large sample
volumes are emplayed in order to detect low levels of activity. There-

fore a sample blank which consisted of DTNB, serum and buffer was
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included in all assays inkthis study (Chépter Two) .

Due to the fact that measurement of a low amount of"a&tivicy i's.
required it is desirable to maximize activity levels by using con-
ditions whi;h are optimal. All of Neumann's work was performed é;
22° or 23°C, as was that of Dulis and Wilson (1978), while Kelly
et al (1979) employed 25°C. By contrast, a value of 30°C was
‘employed in this study. ,

The lack of magnesium ions used in Neumann's assay systeﬁ con=
stitutes another basis for ér{ticism. The stihulating effects of
magnes}um ions on many alkalfne phosphatases, especially those ob-
tained from mammalian tissue sources, are well known. It is gener-
ally recommended fhat magnesium be included in all such assay sys-
tems although there is some controversy as to whether additional
magnesium is really necéssary in the case of serum determinations
since the specimen itself contains almost optimal amounts of the
cat{on (McComb et al, 1979). However, in this case where the measure-
ments are in the lower range of sensitivity and the>sera were obtained
from individuéls with various disorders, it seemed more desirable to
be econfident of the presence of an adequate concentration of cation.

Although all of the prévious!y mentioned authots performed their
assays in TRIS/HCl, in this study AMP buffer was chosen becguse of
~.its widespread use in studies of mammafian tissue alkaline phgéphai

tases. While TRIS/HC], with a pKa of 8.0, is an excellent buffer for

E. coli alkaline phosphatase which has a pH optimum near pH 8.0, it
. f——~— , , . .
has poor buffering capacity at pH 10.0 and is therefore unsuitable

for measuring alkaline phosphatase from mammalian tissue sources.



The pKa of AMP is 9.3 so it w;s suitable for use at.pH 9.0 where'ali
of the assays in this part of the study were performed. .
Another major complaint about Neumann's assay, as pointed out
by Dulis and Wilson (19782, is the length of time required for éach
measurement. Severalbproblems can be encountered when measurements
are taken over a period of 20 - 60 min. Neumann et al (1979) in-

dicated that reoxidation by air of cysteémine ﬁay occur but reoxi-

dation of S5-thio-2-nitrobenzoic acid can also be a proﬁiem.' As

mentioned earlier, Dulis and Wilson {(1978) found thét the reaction

of DTNB with thiol groups present in the sergm was significant over

a period of 30 min. This resulted in nonlinear kinetics of both

the DTNB-serum control and the test system which made‘the-assign-

ment of an overall value for the total system very difficult. In

the present study, when all of the;outdined changes in method had

been made, the reaction was fast enough that a maximum of & min was

requifed for éach measurement. Under these new conditions there was

a large inftial reaction between serum pfoteins and DTNB but after

30 sec the reaction reached a steady state (Figure 4). Due to the

short period of assay reoxidation of eitﬁef DTNB or CASP was not a

problem. In addition no more than 50 ulL of sample was ever required.
Althougﬁ vast improvements were obtained with the outlined modi-

fications in procedure, there was still an inhefent p;ob‘em of con-

s}derable magni tude. ThereAis always a certain measure of inaccuracy .

‘and insensitivity a;socfated wéth a system in which ihq values of

the blanks constitute a major part of the total value. It.was for

this réason that alternative assay methods for CASP hyérolysis were

sought. Unfortunately, the mixed substrate system considered in the
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325 Jabelled CASP (Kelly et al,

present study, plus attempts to utilize
1979) were unsuccessful and nothing more appropriate has yet been
discovered.

The average ratio of the ;elatity of pNPP hydrolysis to the velec-
ity of CASP hydrolysis in human serum was 2.1 én the present study
(Table III). The discrepancy bétween thts value and Neumann's value
of iié (Neumann et al, 19733 is Qféghmably due té the diFFereﬁéeg
in assay conditions.

;ISgra from patients with Group I disorders should, according to Neu-
mann et al (19?3)i contain H—alk§1ine ph@sghataseg iFXN*aikEFing phﬂﬁf
phatase were indeed préseﬁt in these sera very low or absent CASP hydrol=-
ysis and thus very high velocity ratios should have been obtained in
Group I. This was not found to be the case (Table IV): the mean veloc-
ity ratio was very similar to that of the normal group (Table III). The
sera iﬁ-G?EUP IZ were from patienﬁs with disorders which Neumann et al
(1979) had claimed did not contain N-alkaline ph§5ﬁhaiase (acute m?el@id
leukg@ia aﬁdrHadgkin‘s disease) or with proliferative disardérs which
Neumann et al did not examine for the presence of N-alkaline phosphatase
(myeloma, tung cancer, and sarcoma). The mean velocity ratio of Group
IT was again very similar to normal (Table IIi & Table V). Based on
Neumann's hypothesis one would expect N-alkaline phosphatase to be
present in the sera of myeloma patients since myeloma is a lympho-
proliferative disorder: }he possibility that a change {n velocity ratio
may éééuf when abnormal levels of alkaline phosphatase are present was
also invéﬁéigatgd, Group III included sera from patients with an in-
crease in the placental form of alkaline phosphatase because of preg-

nancy and sera with overall increased levels of alkaline phosphatase,
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No significant change in Eﬁe'vela;ity ratié u[i.detgétéd in either
case (Table VI).V

Neumann et al (1976) also claimed to have isolated and purified
N-alkaline éhasphatasé from a Burkitt lymphoma cell line and a |
Moloney-virus-induced murine leukemia cell line. Further claims
éf the presence of HiilkalipeAphasphatise within ;gils‘wérg made in
a recent report by Neumann and co-workers (Flemans et al, 1981).
They reported that N-alkaline phosphatase was presgﬁf in both the
serum and the peripheral blood lymphocytes of a patient with malig-
nant lymphoma and furthermore, that a prgpgrtién of the patient's
large lymphocytes were §y£§chemi§ally positive for alkaline phos-
phatase. Unfortunately in the present study leukocytes could not
be Qbééiﬁeﬂ from the patients with;lymphaprﬂiiFgrative disorders
but butanol extracts §F granulocytes and lymphocytes were prepared
“from the normal donors. The alkaline phosphatase from granulocytes
acted in a similar manner to that in normal serum (Table VII).
Sirce the alkaline phgsphataseraﬁtivity in lymphocytes was extremelf
low the lymphocytes from several donors had to be pooled in order to
obtain ?EaSuFab]E activity. The beh;viaur of these pools was also
similar to that of normal sera (Tablg VII). Thus it would appear
that tée alkaline phosphatase present within ieukacyigs has pféper;
ties similar to the enzyme present in sera.

The other p%enémEﬁéﬁ which Neumann et al (1976) used as evidence -
for the existence of N-alkaline phosphatase is its supposedly wnique
electrophoretic mobiltity. This aspect of m;thédglqu also has associ-

ated problems.
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Neumann et al (1971) first mentioned the appearance of an unigue
enzyme!bénd when they compared the electrophoretic patterns obtained
on acrylamide gels of thymic alkaline phosphatase from leukemic and
non-leukemic AKR mice. The thymic extracts of leukemic AKR mice
demonstrated an extra alkaline phasphafase band which had a fast
mobility. However, differences in mobilities were also seen be;wgeﬁ
different mice stfaigs and bchre_and after pErFarménce of butanol
extractions. In other words variable patterns were thaiﬁed!ﬁgt
only between leukemic and non-leukemic tissué sources but also be-.
tween various stages of the experimental ér@@gdurg. Minor methodo-
logical differences iﬁrpraéedure have been previously rép@rted to cause
pFDFQuﬁd:ChiﬁQES in mbility. For example, artifactual alkaline phos-
phatase bahﬁs or peaks have been reported to be due to molecular
aggregates (Smith and Fogg, 1972), to material ingompletely separated
from membranes (Eguchi et al, 1972) and to material adsorbed onto con-
" taminants (Beratis et al, 1970). It is'iﬁterésting to note that Neumann's
group in their latest study claimed that a patient contained major
amounts of N-alkaline phaéphatase in both his serum aﬁd lymphocytes
(Flemans et al, 1981). However, comparable bands in the electrophor=
etic patterns obtained from the serum a;d é butanol extract gFrthg
riymphaiytes could not be found. Upon subsequerit treatment of the
Iy_mpht:n:ytg extra;t‘passage through a gel filtration column contain-
ing a detergent a band comparable to that of the N-alkaline phosphatase
Ean;ainéd in the serum was obtained. It i; very difficult to ascer-
taiﬁ the validity of these Findin§§ since tha samples contained

numerous bands and variable RF values,



o,

Finally, it should be noted that Neumann et al have aiéays used
g-naphthyl phosphate and diazonium sait (Fast é]ue) to visualize
theralkaiiﬁe phasphataserbaﬁds obtained after electrophoresis. In
only one case Ha; an elution of the unique band perfgrﬁéd and hydrol-
ysis of CASP measured. Since the hydrolysis was negliaible.the

presence of N-alkaline phosphatase was assumed. From then on - the

assumption has been)that.if aberrant catalytic activity is found

in the serum the responsible enzyme appears as a fast band on electro-

phoresis. |t was Dulis aﬁd Wilson (1978) who actually attempted to
demonstrate the‘iatéiyti; properties of N-alkatine phosphatase on
the gel. They were searchihg for a uniqu§ eﬁzymg in thevsera of
patients with lymphoproliferative disorders ;hich would show up with
an a-naphthy! phosphate activity stain but not with a-CASP activity
stain. Théy.could detect no such unique band in the electrophoretic
pattern.

In econclusion, in this 5tu;y no evidence was found of an'uﬁiqué
enzyme fcrm:in the sera QFipatients with a variety of proliferative

disorders when biochemical measurements of CASP hydrolysis were made

under optimal conditions. The fact that Neumann and ée-uafkgés seem

to have been able to detect aberrant activity may simply be a re-.

flection of the inaccuracies and insensitivity of their methods. The

results obtained in the present study, support those of two other
independent groups (Dulis and Wilson, 1978; Kelly et al, 1979) and
call into question the validity of the whole proposal of the exist<

ence of a unique alkaline phosphatase, N-alkaline phosphatase.
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CHAPTER FIVE
Granulocyte Alkaline Phosphatase

A. INTRODUCTION

=

1. Qg;gf@igatiaﬁrgfigranuj@;yﬁe afkgiipgﬁPhagphgggse,actigjgy

Leukocyte alkaline Qh@;ﬁhatése has been 3 subject aF'stuéy for
several decades. ‘ﬂlthaugh most of the early work on alkaline phos-
phatase in granulocytes ;as performed by biocchemical methods of
assay, these methods nevefrrgally became popular as a routine

means of enzyme quantitation, presumably because of the lengthy
procedures involved.

Conversely the intraductlan by Gomori (1939) of a tytaihemiEaI
teahniéue for the detection of aranulocyte alkaline phosphatase has
resulted in rmumerous studies, and several mﬂd?%iiaticns and improved
procedures have since been developed. EThg simpliéity of this type
of method makes it ideal for use as a routine hematological test
for the detection of graﬁuioﬁyté alkaiiﬁe phosphatase. However,
the assessment of activity is sgbje¢tivg and sgmiquéntitati;e at
best. \\

Despii:\fﬁé difficulties, a-nu;ger of studies have been performed
which gmp‘gygd a biochemical assay of leukocyte alkaiing phosphatase
either to measura the !ezei of enzyme in various medical conditions
(valentine and Beck, 1951; Park, 1970; Findlay and Johnston, 1977)
or to determine the correlation between results obtained by a bio-

chemical and a cytochemical method of assay (Wiltshaw and Moloney,

1955, Meislin et al, 1959; Diamant et al, 1971). However it is very



QiffiCult to compare the results obtained by these various workers
since they employ different extré;ﬁian procedures, assay methods and
means of expressing the results.

!h addition a great problem, encountered n@tlgnly in the above
studies but throughout ﬁhg iitgratﬁre. is tﬁe way in which the terms
leukocytes;Lgrandldcytes and Eautr&phiis have been used so loosely.
In reality each,group represents a subset of the Férmgr group vyet
it has beeﬁ common practice to use these labels interchangeably.

The vast majority of alkaline phosphatase in white blood cells
occurs in the neutrophils although small amounts have also been

detected l&{iymphocytes and easunaphcls tHcCamb Bowers and Posen

1979). Therefore, although mi xed cell papulatnans which contained

~

all types of leukocytes were used in all of the above studies, it
was assumed that the detected activity was that of the neutrophils.
Since lymphocytes normally canstntute from 20 to b52 of the white
cell population this assumption may not, in fact, be valid. Inas-
much as eosinophils represent only | to 6% QFiﬁhe leukocytes ﬁéfmaily
present activity due to théir presence may be discounted.

Since the majority of alkaline phosphatase activity of white -
cells occurs in the neutrophils, it is obviously more correct to
express the enzymic activity in terms of the number of neutrophils

present as opposed to the number of leukocytes present. Therefore,

"in this study, the lymphocytes were removed from the cell population

1]

before alkaline phosphatase activity was determined by a biochemica!
method of assay. However the results are still expressed as eénzymic

, .
activity’ﬁer the number éfﬁgfaﬁu'éiytes present, rather than the number
]



of neutrophils, since eosinophils and basophils were not removed be-
fore assay.
2. Inhibitors of alkaling phosphatase.

-

In 1963, Fishman reported that L-phenylalanine acted as an organ

specific and stereo-specific inhibitor of intestiﬁai alkaline phos-
phatase. Since that time, the use of specific inhibitors has become

: ’Qbopuiar as a means of differentiation b&rween erigﬁg muttip?e=Fa?ms‘
of human alkaline phospha¥ase,

Patterns obtained upoh heat inactivation and urea inhibition have
been employed to establish the bresgnce of cgrtaiﬁ!muitiple forms of
alkaline phos¥hatase but urea was reported to produce different in-
hibition patterns depending on the concentration used (Bahr andrwil*
kinson, 1967). Levamisole was réﬁﬁrtéd to inhibit iiveri kidney and
bone forms of alkaline phosphatase, but not intestinal and placental
forms (Van Belle, 1976). Various amino acids have alsa,bgen studied
as inhibitdrs of alkaline phospha:aseg Fishman and Sie (1970) reported
that L-homoarginine strongly inhibited bone and liver alkaline phos-
phatase, but had no effect on the enzyme from placenta or intestine.
in 1977; Doellgast and Fishman studied the inhibition effects of L-
leucine and tripeptides which contained L-leucine. They ?épartéd
that when L-leucylglycylglycine was used, placental alkaline phospha-
tase was strongly inhibited but that inhibition of the intestinal
isoenzyme was weak. This was an important disﬂavg}y because in éli
of the above cases the placental and intestinal forms reacted very
similariy and it was therefore difficult to differentiate between
them. Mulivor, Plotkin and Harris (1978) developed this point further

and presented a scheme which allowed easy differentiation of the three
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human isoenzymes of alkaline phosphatase ([iver/kidneelboné, iﬁt35§
tinal and placental) based upon the clear-cut inhibition batterns
exhibited by each‘in the presence of L-phenyla}éﬁine, L-homoargfﬁiné.
L-leucine, L-leucylglycylglycine and L-phenylilanylgly;ylglyciﬁei

The procedure of Mulivor et al (1978) was employed in this study

to determine which of the three patterns granulocyte alkaline phos=

.\ \z
phatase exhibits.

’

B. METHODS

A random selection was made from whole blood units which had been
freshly drawn at a regular Red Cross blood donor's clinic. No infor-
’ matfon concerning the age or sex of the donors was available. Each
unit contained 63 mL of citrate-phosphate-dextrose and 450 mL * '10%
of whole blood. A 10 mt aliquot from each unit was dkawp into a
Vacutainer tube which contained heparin. A volume of 20 uL was re-
hoVed\and suspended in 10.0 mL of Isoton. Two drops of Zap-oglobin
was added and a white cell count‘berformed on a Coulter Countér Model
B. A blood smear was.also prepared from each specimen.

The granulocytes and mononuclear ce]ls were isolatea from the re-
mainder of each sample as outlined in Chapter Two. The mononuclear
cell layers from se;eral samples were rEmoved, pooied and frozen at
-20°C until butanol extractions were performed..\ Each granulocyte
pellet was resuspended in 2.5 mL of Isoton and a smear was prepared.
A Wright's stain (see Dacie and Lewis, 1975) was performed on both
the whole blood and granulocyte pellet smears and the proportions
of granulocytes and GOnonuclear cells were determined microscopi-

cally. A further 1/100 dilution was made in 10.0 mL of Isoton and a

4
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white cell ;cuﬂt&pgrfcfmed as outlined above. The initial granulo-

Cyte suspensions were Eéﬁtrifug§d<FQF Ié miﬁ %f 2400 rpm and the pellets =

resuspended in 1.0 mL of 10.0 mM TRIS/HCY, BM 7.6, which Eaﬁﬁaiﬁéd;[gﬂ mM

HQEIZ and 0.1 mM ZnElzi Butanol extractions were éerFérmed on the

cell suspensions as outlined in Chabter Two, and the extracts were

frozen at -20°C until aséaygdi o , ) .
All assays far'aikafiné phésphéiase aﬁt;?ity HEFEAPEFFQFmEd in.

0.78 M AMP buFFér, pH 1673, shiquaﬁﬁtained 1.5 mM HgClzg egsentialiy

as outlined in Chapter Two. A concentration of 10.0 mM pNPP and a

sample volume of 50 ulL was employed in all cases. Protein content

was quantitated as outlined in Chapter Two.

For the inhibition studies, 20 uL of a stock solution a; an approp-’
riate inhibitor ;asnadded to 1.0 mL of a 10.0 mM pNPP solution in 0.78 M
AMP, pH 10.3, which contained.!.5 mM HgC]Zi The inhibitors gmpiayéd ;
and their resultant concentrations were: 1.0 mM LEEhEﬁy!alanyié
glycylglycine (PGG), 2.5 mM .L-phenylalanine (Phe) and 10.0 mM L-homo-

arginine (Hrg). The reaction was initlated by addition of 50 uL of

=

a butanol extract of a granulocyte or lymphocyte sﬁsaensicn. The rate _
E [ H

of hydrolysis of pNPP in the presence of the inhibitor was measured

spectrophotometrically at 404 nm. The remaining activity in the pres- »
ence of inhibitor was expressed as a percentage of th§ crig%ﬁaj activ-

ity in the absence of the inhibitor. Fifteen butanol extracts were

chosen in order to include a range of Eﬁzy%ié activity from 9.8 - - } ,

34.8 mu/107 granulocytes. Measurements were repeated at least once

with good agreement.
The lymphocyte pools were thawed, had butanol extractions performed

on them, and were then used in the same manner as the granulocyte butano)

L]



extracts for inhibition studies.

A similar Qzataigl was employed using crude butanol extracts
of human liver, placenta aﬁésiﬁtestiﬁei Alkaline phosphatase which
was purified essentially as outlined by Seargeant and Stinson (1979)
from human liver, placenta, fntest;ne and ﬁeutréghiis was also studied.
Measurements with each inhibitor were repeated ét least five times
in order to detgr%ine a range of results for each type of enzyme
tested. |

€. RESULTS

1, Qg;gfm[ﬂatj§ﬁ”§figf§ﬁulaéytgfalkaj[ﬂgfph§§ph§t§§g,g;tivj;x

The white blood cell count and the percentage of granulocytes

which appeared in the differential cell count were used to calculate

the number of granulocytes present in the original 10 mL of whalelr
blood. +he mean results of fourteen smears pfepared from the sus-
pensions of iSG]at%d granulocytes revealed the following composition:
granu!@iytESigﬂii mononuclear cells - 2%, erythrocytes - 8%. There-
fore, the white‘ie]i populations which were counted were assumed to

have a granulocyte purity of 98%. In this manner the absolbte num-

W

ber of aranulocytes which underwent extraction with butanol could be
determined. This value, as well as that of the original number of
granulocytes present, was then used to calculate the percentage of
granulocyte recovery during the isolation procedure. These figures
all appear in Tngle IX. Examination of the dat; reveals that there
- -
is great variability within each setrof values. A scatter plot and
regression line far the data appear in Figure 5. A coefficient of

correlation of -0.12 (p > 0.1) was calculated which indicates that



Taole IX Recovary of isolated granulocvies 5
Spaciman Granulocytas in  _ Granuloeyeas in Granulocyte
LT s 10 . whole hlgs;ﬂ" resuspension of pallet FRCOVErY
(x 167 (x 1d7) (%)
i 3.30 1.1k 73
2 3.45 2.27 66
3 3.30 2.0% 62
] .13 “ .65 53
5 b.97 .03 61
é 1.31% 1.93 58
7 5.29 2.65 50
8 2.582 1.70 &7
9 b, 27 1,99 &7
10 b .27 1.76 41
i 1.8 1.83 52
12 L. s : 1.9 &8
13 . 2.15 1.45 67
1] 1.92 2.53 87
15 .76 ’ 2.39 87
16 2.78 - ‘ . 1.79 (1]
17 1.67 : 2.19 65
18 k.16 . 2.55 61
19 3.48 . 2.33 - 67
20 2.1 . * 1.17 50
21 &.61 .11 59
F ¥ 2.92 1.62 55
23 . 3.67 1.65 L1
F1] .56 2.98 &5
15 . 395 3. 15, . 8o
16 2.18 1.16 53
27 1.87 2.23 58
28 3.73 1.30 15
23 5.09 2.88 587
10 4.13 1.99 L6
31 4.87 2.57 531
12 2.50 1.48 - 59
13 5.1 1.53 ) 50 -
Ik 4. b2 2.63 60
15 k. LS 2.1h L8
16 2.52 0.38 39
37 1.58 0.9 57
18 1.97 1.76 . 83
19 1.04 1.53 ) 75
&0 2.88 2.23 77
4 1.57 2.68 75
2 2.22 1.950 . 8
b3 2.76 1.2 (4.}
bk 3.7% 2.42 T4
L1 2.3 1.65 71
hé ) .68 1.21 72
&7 =y.28 1.k2 62
(Y] " 2.04 1.40 69
Y] b.09 2.9 72
50 2.62 2.00 16
® x 5.0, . . 3.37:1.00 2.0£0.60 62¢£13
€.V, 30% 29% 21y

a2 Based on the white call count and the % granulocytes which appeared in

the diffarential call count.

Tha absolute number of granulocytes was represented by 982 of the total

call count for the suspended pellet obtained upon Lympohooreo saparation

dus to 11 contsmination by |ymphocytes.

¢ Rapresentad by Granulocytes in resusp nsion of pellet
Granulocytes in whole blood )

o

X 100
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' 4

Figure 5. Relationship between the number of granulocytes present

in the original sample and the percent recovery values

A correlation coefficient of -0.12 (p > 0.1) was calculated which
indicates that there is no significant correlation between thé num=

ber of granulocytes pres@nt in the original 10 mL of sample and the

-

percentage of granulocytes recovered during the isolation procedure.

[

\
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there is no significant correlation between the original number of
granulocytes present and the percent recovery values.

The alkaline phosphatase activity in each butanol extract, as
wéll as the activity related to the ﬁumbgr of granulocytes which
‘'underwent extraction, appears in Table X. Again great variability
is apparent, this tfme amongst the values of activity per mL of
butanol extract (e.v. = 462), although this variability is slightly
reduced when the activity is expressed per 107 granulocytes {(c.v. =
36%). The alkaline phosphatase activity in the granulocyte butanol
extracts was ﬁiatted against the number of granulocytes present.

An apparently random distribution was the result, and a correlation
coefficient of -0.09 (p > 0.1) was obtained. Therefore the level of
alkaline phosphatase present in each butanol extract seems to be in-
dependent of the number of granulocytes which underwent extraction.
A protein determination was also performed on each butanol

extract. Results ranged from 0.5 to 2.5 mg. Since the smears of

only 8% on a cellular basis, the protein concentrations could be
related to the granulocyte counts. The scatter plot and regression
line obtained when the number of granulocytes was plotted against
the protein concentration appears in Figure 6. The coefficient of
correlation is 0.60 (p < 0.00l). Since Eﬁg>¢arrelaticﬁ between the
two values is highiyAsignifi;ant the canversion factor for changing
the number of granulocytes to mg protein is represented by the slope
of thercurve, which is 0.36. Inasmuch as ID? gFanuiaéytes iarréS*

pond to 0.36 mg of protein, the enzymic activity expressed per mg of



Table X Alkgling phosphatase activity in normal granulocyges®
Specimen Activity in Activity per
. number butano! extract ® : 107 granulocytes <
(u/m) , (mus10’ granulocytes)
1 0.050 20.7
2= 0.032 1.}
3= 0.036 17.6
S T o 0.022 . o 13.3 ., ..
5 0.050 & 16.5
6 0.025 13.0
7 - 0.037 4.0
8 - 0.031 18.2
9 0.031 5.6
10 0.050 : 28.4
12 . ' .0.052 . 17.6
13 ' 0.024 6.6
14 © 0.0%0 - 19.8
15 0.033 13.8
16 0.017 9.5
17 : ; 0.039 16.3
8 : . 0.0&!1 6.1
19 ' . 0.031 13.3
20 ’ 0.020 17.1
21 0.040 4.7
22 0.02§ 15. &
23 . 0.042 25.5
24 0.075 . 25.2
25 . 0.056 7.8 \
26 ' 0.023 19.8 i
27 . 0.054 24.2 ;
28 . 0.039 30.0
29# ) 0.068 23.6
30 ) . 0.030 15.1 R
3 0.060 23.3
32 B 0.038 25.7 ‘
33 . 0.035 13.8 ' \
34 0.085 20.9 | \
3s 0.032 15.0
36* . . 0.020 20.4
37 ;0 0.025 27.7
38 e T 0.06k “3%. &
39* . 0.0k 28.8
4o ; 0.033 14.8 !
bix : 0.084 S 1 S o
b2 ' I3 0.029 Co 15.34
a3 0.014 10.6
bk 0.036 2.8
L1 0.017 10.3
bén 0.032 - 264
47 0.047 33.1 .
M8 . 0.017 12.14
hgs . 0.100 33.8
50 0.027 13.5
x £ 5.D. 0.039¢0.018 19.426.9
c.v. [T} - 363

One unit of enzyme activity corresponds to one umol of substrate
hydrolyzed/min at 30°C.

Butanol extracts were prepared from isolated granulocytes.

The number of granuiocytes present in the pellet which underwent
butanol extraction was determined in Table VIII.

Specimans which were chosen for inhibitor studies (see Figure 7).

’
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Figure 6. Relationship between the number of qranulocytes present

and the‘protein condtntration
A correlation coeffi;ient of 0.60 (p < 0.001) was calculated which
indicate; that there is a highly.sigpificant carrelation betweeﬁ
the number of granulocytes which underwent éxtraction with butanol:

and the concentration of protein in the aqueous solutions of the
»

butanol extracts.
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protein may be obtained by multiplying the values of activity per
107 granulocytes by a factor of 2.78. Results were expressed in
this study as activity per iD7 granulocytes since quantitation of
activity by cytochemical methods is at a cellular level and it is
the level of enzyme per cell which cdrrelates best with disease
‘states (Wilson et al, 1981).

2. Inhibitors of granulocyte alkaline phosphatase

The patterns obtained for each puriP™ed altkaline @Hasphatase iso-
enzyme when L-phenylalanylglycylglycine (PGG), L-phenylalanine (Phe)
and L-homoarginine (Hrg) were used as inhibitors appear in Figure 7.
It is evident that'each isoenzyme exhibits a characteristic pattern.
The patterns obtained with crude butancl tissue extrafts were vir-
tually identical to the patterns of their purified tissue counter-
parts with the exception of the intestinal enzyme. In this case a
mixed inhibition pattern was thaineé for the crude extract. How-
ever, upon heating, the interfering substance wa; inactivated and
an iﬂtestfnai pattern of inhibition was aﬁtaiﬁed,

Fifteen crude extracts of granulocytes were chosen as indicated
in Table IX. The résuits obtained whé; the extracts were tested with
the inhibitgrs also appear in Figure 7. The pattern displayed is
practically identical ta.that of the liver alkaline phosphatase. It
is also eviﬁent that granuf@cytgg contain a homogenebus alkaline phos-
phatase population since a mixed pattern of inhib}tign was not obtain-
ed. In addifian. there was ﬁé evidence that varjati@ns>iﬁ the lavel
of alkaline phosphatase present in the granulocytes are related to
variations in the type of isoenzyme present since the same pattern

was obtained from extracts which contained a wide range of alkaline

¥
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Figure 7. Inhibition patterns of human alkaline ohosphatases

Inhibition patterns of alkaline phosphatases u§in§iL—phenylalany]-
jlycylg]ycine (PGG) , Liphenylalénine (Phe) and L-homoarginine (Hrg)
as inhibitors. Results are expressed as the percentage of original
activity remainiag in th; presance of ea;h inhibitor. Bars indicate
the range obtained for each*purified enzyme repeated five times and

the range for duplicate measurements of |5 crude extracts of éféﬁUlD‘

cytes.
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phosphatase

levels. The pattern obtained from alkaline phosphatase

purified fﬁrm human neutrophils was virtually identical to that of

the crude granulocyte extracts.

Butanol extracts of five different lymphocyte pools were also

tested with
centagés of -
= 92 - 99),
41). Again

although it

the inhibitors. The mean values and ranges of the per-

remaining activity were as follows: PGG = 962 (Range

Phe = 92% (Range = 84 - 9B8) and Hrg = 32% (Range = 24 -

this is a pattern similar to that of the liver i soenzyme

is difficult to evaluate the validity of these results

for two reasons. Firstly, the alTkaline phosphatase activity in the

lymphocyte pools was very low. The activity after inhibition

therefore was also extremely low and poor curves were obtained which

made measurement difficult. This is probably the explanation for

the targer ranges of 5gmaiﬁiﬁg activity. Secondly, the purity of

the Iymphocy

te population used is of utmost importance since lympho-

cytes contain only very small amounts of alkaline phosphatase and

contaminating granulocytes contain large amounts. Although the.

lymphocyte populations were estimated microscopically to be 952

pure it is v

irtually impossible to determine whether the ‘activity

which is detected is really that of the lymphocytes or if it is

that of cont
be alleviate

cellular aff
D. DISCuUsSSI

As previ

white blood

aminating granulocytes. This problem could probably
d by use of a better cell separation technique such as

inity chromatography or cell t;s.c:.srf;iﬁg:i"!:;;.ilr
ON

ously mentioned the majority of alkaline phosphatase in

cells is present within the granulocytes. When a cyto-
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chemical method of assay isrgmplayed alkaline phosphatase actiQity
is determined only in mature neutrophils and the results are $Emié;
quaﬁtiﬁative. When a biochemical method of assaz is employed,
activity is quantitated. Thus, in the former case the proper
population is studied but quantitative results are not obtained and

in the latter case, activity is quantitated. However biochemical

')

ssays in the past were used on mixed leukocyte populations with
variable propartions of each type of white blood cell.
It seems desirablé to use a gquantitative method since reports
have indicated that cellular levels of neutrophil alka)ine phos-
phatase vary in different physiological conditions. For example,
Wilson et al (1981) reported a quantitative dEﬁreaSE~in alkaline
ﬁhasghafase per neutrophil in cases of chronic granulocytic leu-
kemia, and an increase in level per cell during pregnancy. THere-
fore a biochemical method of asséy would seem the better choice, .

[ ] .
a general leukocyte population which contained either a high pro-

‘ but erroneous results could beibtained if this method were used on
portion of lymphocytes compared to granulocytes, or lymphocytes
with abnormally high activity. The latter possibility has recently

been reported by Flemans et al (1980) but has not been confirmed

. by other investigators. A biochemical assay on a population of

i b
therefore the @ﬂiigmpiayed in the present investigation. The

granulaﬁy§?§ wogdld thus seem the most desirable method and was
addition of agell separation step did not add significently to
“either the length or complexity of the procedure and a granulocyte
population af 98% purity was obtained.
9 \



1f, as is common practice, the reference range is considered
to be + 2 S.D. either side of the mean, then the reference range

of alkaline phosphatase activity in granulocytes in this study

would be 5.8 - 35.2 mu/lﬂ7 granuiaﬁytegi Although this range

seems extraordinarily wide similar results have been found in a
number of other investigations. Valentinegand Beck (1951) reported
a range of 13.4 - 50.8 mg of éhaspharaus liberated/hr by iD]o
leukocytes. Meislin et al (1959) found a range of 0 - 160 mg of
phosphorous tiberated/hr by iD]O leukoeytes. The extent of the
range of values detected in the normal population éaﬁ most likely
;e explained in terms of the following set ag observations. Rosner
and Lee (1965) reported a significant difference in Ieukcggte

alkaline phosphatase levels between the sexes: premenopausal women

exhibited levels up to 50% greater than men (a mean leukocyte

liberated/hr by IQ‘DQIEukccvtes) while post-menopausal women and
men of 65 years or over displayed similar levels. Additionally,
children contained considerably higher levels of the éﬁzyme than
adults (a mean level of 68 mg phﬁSthFDuiy‘?bEFatEdfhf by iD]D
leukocytes), although no sex difference was apparent in the case
of children. A study by Diamant ‘and Polishuk (1979) proposed the
use of levels of leukocyte alkaline phosphatase determined cyto-
chemically as an indicator of QVulatiaﬁi They rgﬁgrteﬂ an in-
crease to approximately fivi times thgrb?s:l level upon ovulation,
indicating that levels of léukaéyte alkaline phosphatase vary sub-

stantially during the menstrual cycle. They suggested that early

i
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in the cycle estrogens cause an increase in activity and that later
progesterone inhibits the response of leukocyte alkaline phésphatase
' to the estrogens. Macaraeg et al (1968) reported that oral contra-
ceptive aﬁEﬁts also elevated leukocyte alkaline phosphatase scores,
Levels have also been ‘reported to Fluctuét? in situations of stress.
such as surgery, infection, or injection of adrEﬂégaftitatrapiﬁ or
steroid harmﬂﬁés (valentine and Beck, 1951; Valentine et al, iSSh)g
As previously stated the blood samples used in the present study
came from donors of unknown age and sex so that wide variations
might well be expected.

The inhibition patterns obtained for soth the crude and puriFied
extracts of alkaline phosphatase from granulocytes are identical to
that of liver and are distinctly different from the intestinal and
from the pl§§3ﬁtal pattern.

The ‘liver form of alkaline phosphatase is known to be L-phenyl-
alanine staﬁlg; inhibited by ureé and intermediate in terms of heat
lability. The skeletal -form is similar except for its marked heat
lability. Conversely the placental form is inhibited by L-phenyl-
alanine, only partially inhibited by urea and is heat stable. The
intestinal Fgrm resembles the placental enzyme except that it has
an intermediate heat lability. »

Several studies have been performed on Ieukacfte alkaline phos-
phatase which allow its placement in the above scheme, Heat lability
of IEukéiyte alkaline EhQSPhatase has been detected in several s;udies
(Bottomley et al, 1969; Tangheroni et .al, 1971; Diamant et al, 1970;
Findlay and Johnston, 1977; Wilson et al, 1981). |Inhibition of

®
enzyme activity in leukocytes by urea was reported by Tangheroni et al

[» 1
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(1971) and Findlay and Johnston (1977). Several reports have also
been made of the stability of leukocyte alkaline ph@sphat%seiiﬁ

the presence of L-phenylalanine (Tangherauiiet al, 1971; Findia; and
Johnston, 1977; Wilson et al, 1981). On the basts of all of these
reports it -is evident that the alkaline phosphatase present in leu-
kocytes resembles the hepatic and skeletal forms of the enzyme

and behaves differently from the intestinal and placental F%rmsg
Findlay and Johnston (1977) claimed that the leukocyte enzyme was
indistinguishable from the skeletal enzyme on the baﬁigyaf electro-
pharetic studies. Although Wilson et al (1981) feparted that the
behaviour of alkaline phosphatase within the nthrcphi]s was similar
to that of the hepatic and skeletal forms, they also reported the
detection of alkaline phosphatase activity on the external surface
Qf the plasma membrane of the néuérgphiis which had properties char~
. Qgteristic of the placental iégéﬁ;ymei This is the only report to
date of such activity. Cerdainly in the present investigation,

no evidence of a mixed pattern of inhibition was exhibited which
should have been the cagg ig two isoenzymes were present in the
extracts.

Based on studies of peptide mapping, immunological specificity
and lectin-binding affinity (McKenna éi al, 1979; Seargeant and
Stinson, 1979; Sussman et al, 1968; Lehmann, 1980) it is now known
that three structural genes code for alkaline phosphatase. The
three gene products formed are the Intestinal, liver/kidney/bone,
and placental isoenzymes. When differential inhibition studies

were used to detect the presence of alkaline phosphatase isoenzymes,
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~it was clearly indicated that granulocyte alkaline phosphatise is
the product of the same gene which codes for the liver, kidney and

bone forms of human alkaline phosphatase.

\J
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CHAPTER SIX .
) ) General Discussion '

The majority of alkaline phosphatase activity of iegkecyges
was found wi!ﬂ'ﬁ theé neutrophil population in the present study.

Unfortunately, concldsive confirmation of the presence of alkaline
phosphatase within normal lymphocytes was not obtained since con-
cémihatign of the lymphocyte population by nEQtrdpﬁils of approx-

imately 5% on a cellular basis occurred. Neweffheless, it is valid

to conclude that if the enzyme is present in lymphocytes, i‘t is at

vé*y low levels. Since no evidence of a mixed pattern of inhibition

) was obtained when the contaminated 1ymp§a;yte papuiati@ﬂ;wag stud%ed

with specific inhibitors, it would perhaps appear that if ?ymphéé

\ ;E?tes do normally contain alkaline sﬁﬁsphataie it isnﬁhe same gene
product és thé enzyme present in neutrophils, ngever, the possi-
bility of a_d{FFerent F@r% of the enzyme being present in too low
a concentration for detection cannot be ruled out. Studies of larger
and purer iyﬁphaiyte populations are FEquiFEdAEDEEIEFiFy this iss;ei

These studi'es could not substantiate the existence of an gﬁiqué

alkaline phosphatase which is incapable of cysteamine=-S-phosphate
hydrolysis and acts as a marker for lymphoproliferative d?sardersn
Eataégg production of alkaline phosphatase has been detected in

3
q ‘ = i £
several neoplastic proliferative disorders and the enzyme produced

has often resembled the placental form of the enzyme. |In this study
it was found that the placental form of alkaline phgahatase had the

lowest K value for CASP of all the human multiple forms. Therefore,

- one might expeit that an alkaline phosphatase from neoplastic tissue



would utilizeAcASP better than other forms of the enzyme.

On th§ other hand, the iﬁtgst?nél form of alkaline phgsphatasé
had the highest K_ value for CASP. |f a serum contained-a largé
proportion of intestinal aikaliﬁe phéSpha:aﬁe and the hydrolysis
of CASP was ﬁeaSUFEd at a substrate concengration equal'ta the Eﬁ;yme's_
K- value (as done b; Neumann et al, 1979) the raté of CASP hydrolysis
wéglé appear decreased. By contrast, i* a CASP concentration which
was saturating for tb§ enzyme was used the rate of hydrolysis woul
appear normal. Perhaps the apparent inability of alkaline phaspha—.‘

tase in the sera of patients with lymphoproliferative disorders to
» v = .

hydrolzye CASP which wa® reported by Neumann &t al (1979) was due
" to an increase of one particular form of the enzyme such as the in=

testinal, rather than the presence of an unique form of alkaline

(.1

phosphatase. Further investigations are needed in order to asses

the prevalence of alkaline phosphatase production in lymphoid neo-
plasms and to characterize-the alkaline phosphatase in cases where
it is produced.

‘The clinical importance of alkaline phosphatase activity in neutro-.
phi.ls has been recognized for several -decades and a cytochemical
".stain for this activity has been part of the routine hematology

me thodology for many years. H@wever: as previously mentioned the

resu]ts'usiﬁg this type of method are semiquantitative and, perhaps
more importantly, subjective. The future trend will likely be faé
ZardS-a more aé;urate and reproducible procedure such as a biaéﬁem-i
ical assay on a population of neuEraphiis as used ;ﬁ zhi; investi=

‘gation.

Cihe method of granulocyte isolation used in this study invelved a
%
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s

dextran-mediated sedimentation of erythrocytes followed by centrifu-

gation of the pladma on a discontinuous density-gradient. Egt’i%raﬁ

cedures are simple and are suitable for a routine procedure.” The
Wright-stained smears of the suspensions of isolated granulocytes

revealed little contamination by either mononuclear leukocytes or
. ;

.erythrocytes which was supported by the good correlation between

the protein values and granulocyte counts. Once neutrophil isolation

is atﬁémplished one ¢an easily Eﬁvisagé adaptation of butanol ex- .
< . )
traction-and assay of alkaline phosphatase activity to an automated

2

prgrure .

Based on the alkaline phosphatase. activity in aqueous solutionsg
- = -,_;f:f i .

of butanol extracts of granulocjytes from fifty healthy individuals

in this study, the mean *+ 2 §.0% was 5.8 - 34.2 mu/10’

granulocytes.
Although this degree of variation is unusual ﬁ%@ a reference range

it is understandable in view of the influendes of age and sex on

the levels of neutrophil alkaline phosphatase.

It was found in the present investigation that each of the three

known isoenzymes of human alkaline phosphatase could easily be iden-,

tiFied!}ﬁréugh:tHe'use of only three inhibitors. Twé points are
apparent f;am'these kinds.of studies on granulocyte alkaline phos-
phatase in both a crude and purified Farm: Firstly, granulocytes
appear to cgntaEﬁ a homogeneous papuiatién of aikaliﬁg‘pha;phatase
"since a mixed pattern of inhibition was not detected. Sechdly,-

]

granulocyte alkaline phosphatase appears to be coded for by the same

gene as the liver/kidney/bopne group of human alkaline phosphatases.

The Gse of the inhibitors employed in the present study offers an

easy, straightforward procedure for identification 6F different gene

j -
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* products.of human'alkaline phosphatase. The most commonty employe _ _

procedures in the past have been the determination of heat stabilify,
. [} .
L-phenylalanine inhibition and electrophoresis which musg be used

in combination in order to clearly Qifferentiate between the~three

gene product possibilities. By contrast, using the infibitors, a

cléar-cut identification of each of the three types can be made on’
. N ,

the basis of only four assays which is far less complex and time-
1

consuming than the -more popular methods.

v
-

The simplicity of the procedure employed in the bresent study

makes the use of specific inhibitors attractive for such things as
- . -

" confirmation of variations in level, rather than form, of a?haline ~ -
. . ) .
phosphatase in neutrophils i such conditions as pregnancy and

chronic myeloid leukemia or identification of gene products of

alkalines phosphatase wh%ch are produced in certain malignancies. '\

»
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APPENDY X T

Criteria for Diagnosis of Disorders Included in this Study

The diagnosis of each disorder iécluded in this study was reached
on the basis of the presence of tﬁg nglawiﬁg Findings as well as an
appropriafe clinical picture: ‘ : j?

Lymphomas - based on pathological findings in ]ymﬁh node Eiéﬁsigs.
Further classification could be made on .the basis of a.
Mstarry sky'' appearance in Burkitt's lymphoma or the
presence of Reed Sterﬁberg cells in Hodgkin's digggggf
Nygloma - - the presence of a monoclonal protein, plasmacytosis
of the bone marrow and a;pfaﬁriate radiological

- findings.

Cancers - based on pathological findings in tumour biopsies
Leukemias - based on findings a;c:uﬂiﬁed in the FAB classifi-

cation of acute leukemias (Bennett et al, 1976)

" Infectious ‘ -
mononucleosis- the presence of a heterophil antibody.
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