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Complement-mediated Granulocyte Dysfunction in

Paroxysmal Nocturnal Hemoglobinuria

By Philip R. Craddock, Jorg Fehr, and Harry S. Jacob

In paroxysmal nocturnal hemoglobinuria
(PNH), infection, both viral and bacterial,
disproportionate to the mild neutropenia
seen in many such patients is responsible
for significant morbidity. We report im-
paired granulocyte chemotaxis efficiency

which may contribute to the problems in-
duced by bacterial infections. PNH (but not
normal) granulocytes, after exposure to
very small concentrations of activated
serum complement components, migrate
poorly, as documented by their inhibited
chemotaxis toward bacterial products or
activated complement components in Boy-
den chambers. The granulocytes remain
intact, excluding trypan blue, phagocytos-

ing, and killing bacteria, despite this
activated complement exposure. It is also
suggested that this chemotactic defect
may involve only a clone of cells, analo-
gous to the clonal lysis of PNH erythro-
cytes; those few granulocytes capable of
migration after exposure to activated com-
plement contain normal quantities of
leukocyte alkaline phosphatase (LAP), in
contrast to the LAP deficiency of the overall
PNH granulocyte population. Since bac-
terial infection may initiate or potentiate
hemolysis, one of the major symptoms of
the disease, these results could explain
much of the morbidity of PNH.

I N PAROXYSMAL NOCTURNAL HEMOGLOBINURIA (PNH), the

erythrocytes, platelets, and neutrophils all appear to be abnormal in their

interaction with activated components of complement.’ -� It is clear that this

unusual interaction brings about the destruction of erythrocytes in vivo, thus

causing anemia: it is less clear that the abnormality, which is demonstrable in

vitro, causes premature destruction of platelets or granulocytes in vivo, or ac-

counts for the thrombocytopenia or leukopenia seen in these patients.4’5

Patients with PNH often develop severe bacterial disease: in one group of

52 patients, death in 7 was ascribed to such infections.6 This propensity for in-

fection may be due either to the mild leukopenia seen in these patients,4’5

which we doubt, or alternatively to granulocyte dysfunction. Indeed, we have

recently demonstrated that normal granulocytes exposed to activated comple-

ment become excessively sticky in vitro, and they marginat in vivo.7 Since the

cells in PNH are known to be hypersusceptible to complement,’ � we wished to

determine whether an exaggeration of these complement-mediated abnormal-

ities of motility might occur in PNH granulocytes. We have found that, al-
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though untreated PNH granulocytes migrate normally toward various chemo-

taxins, their motility is markedly inhibited after incubation with extremely low

concentrations ofserum in which the complement cascade has been maximally

activated. These low concentrations of activated serum have no effect on cell

viability or other granulocyte functions. This finding might explain the pre-

viously reported poor migration of PNH granulo�ytes into inflammatory skin

windows in vivo.5 Moreover, we suggest that this chemotactic defect in PNH

might predictably lead to a propensity for infection similar to that which occurs

in various other syndromes of chemotaxis dysfunction, such as the lazy leuko-

cyte syndrome,8 the Chediak-Higashi syndrome,9 rheumatoid arthritis,’0 di-

abetes mellitus,” and severe hypophosphatemia.’2 These results have been pre-

liminarily reported ‘�

MATERIALS AND METHODS

Patients

All patients manifested intermittent intravascular hemolysis consistent with PNH (Table I).

One patient, i.O’R. has had recurrent staphylococcal furunculosis, refractory to standard therapy.

Diagnosis was confirmed by strongly positive sucrose hemolysis and acidified-serum � Pa-

tients L.L. and HR. were diagnosed and treated at Duke University Medical Center, and the

remainder at the University of Minnesota Hospitals. The proportion of circulating erythrocytes

possessing the clonal susceptibility to complement-mediated hemolysis was determined with serum

and cobra venom factor.2 All patients were in the steady state at the time of study. None was

undergoing acute hemolytic episodes. Two patients, L.L. and L.M., were being treated with low-

dose alternate-day prednisone, but care was taken to study their granulocytes on their off-steroid

days, more than 24 hr after their last dose. In ancillary studies, granulocytes from other, non-

PNH patients treated with similar regimes of steroid therapy, responded normally in our chemo-

taxis assays when cells were studied on their off-steroid days. Indeed, in all the experiments re-

ported here no difference in results with steroid-treated PNH-cells, compared to other PNH cells,

was apparent. There was no correlation between the size of the complement-sensitive peripheral

erythrocyte population and the impairment of granulocyte chemotaxis. For example, patient HR.,

who had the greatest proportion of complement-sensitive erythrocytes, manifested only intermediate

chemotaxis dysfunction, while patient B.L., with a smaller proportion of sensitive red cells, had

the most inefficient granulocytes following activated complement incubation. All control studies

were performed on peripheral granulocytes from normal laboratory personnel.

Granulocyte Preparation

Blood from these patients or normal laboratory personnel was anticoagulated with heparin

(4 U/mI) in plastic containers. Leukocytes were separated by dextran sedimentation,15 washed

twice in Hanks’ balanced salt solution (Microbiological Associates, Md.), and finally resuspended

at a concentration of 5-10 x l06/ml in HBSS, containing 0.5 g/lOO ml human serum albumin

(Hyland/Travenol, Calif.)

Table 1. Hematologic Data on the Patients With PNH Included in This Study

Patient

Leukocyte Counts

(cells/cu mm)
Complement-sensitive

Erythrocyte Population
(Per Cent of Total Circulating Cells)Total Neutrophils

IL. 6730 4370 65

HR. 5400 2590 85

B.L. 3500 875 22

i.O’R. 3400 1200 26

1.5. 4200 3360 15

L.M. 6500 4125 10
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Chemotaxin Generation

Three chemotaxins were used: (I) the supernatant from cultures of Eseherichia � (2)

serum complement activated by immune complexes,’7 and (3) serum complement activated by

cobra venom18’9 The methods ofpreparation were as follows:

A pure strain of E. co/i was grown overnight in Medium 199 containing phenol red (Micro-

biological Associates), centrifuged, and sterilized through a 0.2 � filter to remove bacteria:

the cell-free supernatant was diluted to 5#{176}�,(v/v) in H BSS containing 0.5 g/ 100 ml HSA just prior

to use as a chemotaxin.

Immune complexes were prepared by adding optimal precipitating quantities of HSA to anti-

HSA antibodies raised in goats.20 Crystalloid human albumin (Miles Pentax Laboratories, lnd.)

was dissolved in isotonic saline at a concentration of S mg/mI. Serial double dilutions were made

in saline. To aliquots of this diluted albumin were added equal volumes of goat serum containing

anti-HSA antibodies (Kallestad Laboratories, Minn.), and the mixture was kept at 4C for 24 hr.

Optimum precipitation was obtained with an albumin concentration of 0.625 mg/mI. Thus, to 14

ml ofgoat serum were added 14 ml of albumin at this concentration, and, following cold incuba-

tion, the immune complex precipitate was centrifuged out at 10,000 g for 15 mm and washed

five times in cold isotonic saline. Optimal chemotactic activity was obtained with a ratio of 200

pg of immune complex protein incubated with I ml of fresh AB serum at 37#{176}Cfor 30 mm; this

ratio was used in all subsequent experiments. The activated serum was diluted l0#{176}�,(v/v) in HBSS

just prior to addition to the Boyden chamber.

Complement components were also activated by exposure of fresh AB serum to Na/a naja

cobra venom. The lyophilized venom (Ross Allen Venom Laboratory, Fla.) was purified by

Sephadex G-lOO chromatography.2 The protein peak, of molecular weight greater than 80,000

daltons,19 capable of inducing complement-mediated hemolysis specifically in PNH erythrocytes,

was concentrated with collodion bag filtration (Schleicher and Schuell, Inc., N.H.) to provide a

solution of 500 �g protein/mI. Chemotactic activity was generated in fresh AB serum by in-

cubation of I ml of this cobra venom solution with 3 ml of serum at 37#{176}Cfor 30 mm. This in-

cubation resulted in maximal activation of the complement cascade, producing almost complete

depletion (99%) of total hemolytic complement in the serum. To prevent the possibility of any

additional complement activation after the cobra venom incubation, the serum was then heated at

56#{176}Cfor 30 mm, prior to use as a chemotaxin or prior to the preincubation with the granulocytes.

Optimal chemotactic activity was obtained in the Boyden chamber with a 5.0 p1/mI dilution of the

cobra venom activated serum in HBSS.

Chemotaxis

The granculocyte chemotactic response was measured in vitro by a modification of the method

of Boyden.’2”7 To the upper compartment of a plastic Boyden chamber were added 0.2 ml of

leukocyte suspension, and to the lower compartment 1.6 ml of the respective chemotaxins. The

two compartments were separated by a Millipore filter with a mean pore size of 3 �. The apparatus

was placed in a humidified incubator at 37#{176}Cfor 3 hr. after which time the filters were removed,

stained, and counted as previously.�2 The chemotactic response was expressed as the number of

cells migrating the full thickness of the filter, in ten high power microscope fields, per l0�

granulocytes applied to the upper chamber. To exclude the possibility that excessively rapid

passage of granulocytes through the filter, leading to their falling off into the lower chamber, and

a falsely low determination of chemotactic response, the upper surface of all filters was carefully

examined after cell counts had been made on the lower surface. In all instances there was a good

inverse correlation between the segmented granulocytes seen on the upper and lower surfaces.

A ctivated Complement Preincubation

In studies of granulocyte chemotactic responsiveness after incubation with activated comple-

ment, purified cobra venom was used as the � Cobra venom-treated human AB serum

was diluted to concentrations of 5.0, 2.5, 1.25, and 0.625 MI/mI in H BSS. Washed leukocytes were

divided into aliquots and suspended in each of these solutions, as well as in H BSS alone. The cell

suspensions were incubated in a rocker bath at 37#{176}Cfor 30 mm, and then doubly washed in

HBSS prior to resuspension in HBSS containing 0.5 g/l00 ml HSA for the chemotaxis assay. PNH

and control leukocytes were treated identically and assayed in parallel.
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A Iternative A ssays of Cell Viability

The viability of the cells was measured by trypan blue exclusion over a 10-mm incubation at

room temperature: on all occasions, greater than 96� of cells excluded the dye before and after

activated complement component incubation. In addition, the ability of granulocytes to phago-

cytose and kill Staphylococcus aureus was assayed by a modification of the method of Qui��2

both before and after activated complement incubation.

Lysosomal Enzyme Studies

Four lysosomal enzymes, including myeloperoxidase,2’ beta-glucuronidase,22 Iysozyme,23 and

alkaline phosphatase24 were assayed by the referenced techniques. Lysosomal rupture was induced

by sonication for 60 sec in the presence of0.5’�, Triton X-lOO (Calbiochem, Calif.) with careful

cooling ofthe dextran-sedimented granulocyte-rich fraction. This method of extraction was found

to produce optimal release of the four enzymes studied, and enzyme activities were expressed in

terms of granulocyte numbers sonicated.

Granulocyte alkaline phosphatase was quantitated histochemically on cell fractions before

and after chemotaxis.14 Cells were scored either positive or negative, and to minimize observer

error, the slides were read by a technician who was unaware of the type of experiment being done.

Normal and PNH granulocytes were studied in this way after they had been incubated in serum

previously activated with cobra venom, as above, and diluted 5.0 MI/mI in HBSS for 30 mm at

37#{176}C.Controls were provided by incubation of both normal and PNH granulocytes in HBSS.

After the cells had been doubly washed in HBSS, an aliquot for histochemical assay of the initial

LAP level was taken. The cells were then placed in the Boyden chambers, and complement-

mediated chemotaxis was induced by a 5.0 MI/mI dilution of cobra venom-activated serum. After

incubation, the lower surface of the Millipore filters was washed, and the cells collected were

assayed for their LAP content. This score was then expressed as a percentage of the score of the

total granulocyte population initially added to the chamber.

RESULTS

Chemotactic Responsiveness of Fresh Cells

Fresh, untreated PNH granulocytes migrated normally in Boyden chambers,

regardless of the chemotaxin used (Fig. 1). All patients in Table I, with the ex-

ception of L.M., were studied. Thus, bacterial supernatant or activated com-

plement components, generated by either classical (immune complex-activated)

or alternate (cobra venom-activated) pathways, promoted similar motility in

both types of cells.

- � Normal &onulocytes

EJ P4/H Granu/ocytes

3CC�

T I I
FIg. 1. Chemotactic responses of granulo-

cytes from normals (n = 6) and PNH patient
- (n = 5) toward bacterial supernatant or com-

plement activated by the classical (immune
complexes) and by the alternate (cobra

- -E. cot frnmune Cobra-Venom venom) pathways. No significant differences
Complexes Activated C’ are observed.
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Fig. 2. Effect of prior incubation with activated complement components upon chemotaxis.

( A) Chemotaxis of normal granulocytes ( n = 4) is selectively depressed only toward activated
complement chemotaxins (dashed lines)-motility toward bacterial supernatant (solid lines) is

preserved. (B) Chemotaxis of PNH granulocytes ( n = 4) is suppressed at lower complement levels
and toward both types of chemotaxins equally. Chemotactic responses at each incubation C’
level is expressed ± SE as a percentage of the response of the same granulocytes incubated in

HBSS and assayed in parallel.

Chemotactic Responsiveness Folio wing Pre-exposure

to A etivated Complement Components

In contrast, strikingly different results were noted if leukocytes were in-

cubated with activated complement components prior to this chemotaxis assay

(Fig. 2). Patients L.L., HR., B.L., and J.O’R. were studied. At the lowest con-

centration of activated complement, 0.625 .tl/ml, normal granulocytes were

unaffected: at higher concentrations a dose-dependent inhibition of motility oc-

curred specifically toward the chemotaxins of activated serum complement:

their motility toward bacterial chemotaxis remained normal (Fig. 2A). The

motility of the PNH granulocyte, on the other hand, was markedly inhibited

even after exposure to the lowest concentrations of activated complement com-

ponents (0.625 �zl/ml) regardless of the chemotaxin utilized in the lower com-

Fig. 3. Obviation of complement-in-
duced suppression of PNH granulocyte
chemotaxis by heat inactivation (56C; 30
mm) of serum prior to its activation by
cobra venom (B). Chemotaxis was mea-
sured toward bacterial supernatant after
incubation of granulocytes in 5 uI/mI
venom-treated sera; normal granulocytes
are unaffected in this system (A).
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Fig. 4. Preserved phagocytic/bac-
tericidal activity of normal (dashed
lines) and PNH (solid lines) granule-

cytes following incubation with acti-
vated complement. At complement

concentrations several-fold higher than
needed to suppress PNH granulocyte

chemotaxis toward bacterial super-
natant (A), both normal and PNH
granulocytes kill staphylococcus aureus

equally well (B).

partment of the Boyden chamber (Fig. 2B). Moreover, in direct contrast to

normal cells, which were unaffected in their motility toward bacterial chemo-

taxin, PNI-I granulocytes developed marked inhibition of motility at the lowest

concentrations of activated serum complement utilized (Fig. 2). The comple-

ment-dependent nature of this paralysis was supported by the fact that heat

inactivation of the serum prior to the addition of the cobra venom prevented

the inhibition (Fig. 3).

Alternative Viability Studies

Although incubation of PNH granulocytes with activated complement com-

ponents induces these marked chemotactic defects, it produces no impairment

of phagocytic/bactericidal function in these (or normal) cells (Fig. 4). This

finding, in addition to the normal trypan blue exclusion manifested by all leuko-

cytes in these studies, confirms that diminished cell viability could not underlie

these results.

Lysosomal Enzyme Contents

As previously reported by others, we found the lysosomal enzyme content

of PNH granulocytes to be virtually identical to that of normals, except for

alkaline phosphatase (LAP) (Table 2). In two of the four patients studied, LAP

Table 2. Bi ochemica I Assays of Normal and PNH Granulocyte Lysosomal Enzymes

Patient

Enzyme Activities#{176}

LAP MPO Beto-Glucuronidase Lysozyme

B.L

J.O’R.

IS.

L.M.

2.34t

0.32t

0.68t

1.31

54t 47

93 55

86 76t

127 47

40

37

50t

40

Normal range(n = 14) 1.18 ± 0.31t 100 ± 17 45 ± 8 33 ± 6

*The units of granulocyte enzyme activity ore, respectively, �moles p-nitrophenyl phosphate/hr/107 cells,

pg horseradish peroxidase/107 cells,pg phenolphthalein/hr/107 cells, and pg eggwhite lysozyme/107 cells.

tp < 0.05 as calculated from duplicate determinations based upon the unpaired t test.

� Values are expressed as the arithmetic mean ± SD.

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/47/6/931/579995/931.pdf by guest on 25 April 2024



GRANULOCYTE DYSFUNCTION IN PNH 937

Table 3. Return Toward Normal Levels of LAP in Those PNH Granulocytes Still Capable

of Chemotaxis After Activated Complement Preincubation

Preincubation Medium

Cobra Venom Activated Serum

Granulocytes HBSS Diluted 5.0 p1/mI in HBSS

Normal (n = 9) -8 ± 6#{176} - 19 ± 10%

PNH (n = 4) -5 ± 5 +31 ± 10%t

*Values represent the mean ± SD of the percentage change in LAP scores of those granulocytes still cap-

able of chemotaxis after incubation in either of the two media, using the LAP scores of the total cell popu-

lotion applied to the Boyden chamber as the 100% initial level.

t� < 0.05 as calculated in the unpaired t test.

was 2 SD or more below the normal range, while myeloperoxidase, beta-

glucuronidase, and lysozyme levels were normal or actually slightly elevated.

In contrast, when PNH granulocytes from these four patients were incubated

with activated complement to induce impaired chemotaxis, those few granulo-

cytes which remained capable of migrating through Boyden chamber Millipore

filters contained significantly more LAP when compared to the initial total

population LAP score (Table 3). This increment was particularly striking, since,

in the case of normal cells, the LAP of migrating cells was actually lower than

the initial overall population by l9#{176}/�.

DISCUSSION

This demonstration of marked intolerance of PNH granulocytes to incuba-

tion with activated serum-complement components in a dose-dependent

fashion is consistent with the postulated panmyelopathic nature of the disease

-a feature suspected from the frequent association of PNH with myelofIbrosis

and acute myelogenous leukemia.253’ Increased sensitivity to complement-

mediated lysis has previously been documented for erythrocytes, leukocytes,

and platelets when the cells are present during on-going complement activa-

tion)3’32 In this study, hypersensitivity to preformed activated complement

components produces surface changes on granulocytes which result in sluggish

motility rather than in cellular lysis. We believe that these results are relevant

to the inordinate infection susceptibility suffered by patients with PNH,6 and

possibly to their mild leukopenia.4’5 We also suggest that the dysfunction de-

scribed here is consistent with the observation that PNH granulocytes migrate

poorly into inflammatory skin windows.5

It should be noted that enlargement of the dose of activated complement

present during incubation to 2.5 �zl/ml (0.25#{176}/adilution of serum in HBSS) pro-

duces a selective impairment of normal granulocyte chemotaxis toward com-

plement (Fig. 2). This dichotomy is consistent with a hypothesis that sep-

arate receptors for these two different chemotaxins exist on the granulocyte.

PNH granulocytes manifest their intolerance to activated complement com-

ponents by inhibition of motility of both chemotaxins, similar to normal cells

incubated with much higher concentrations of activated serum complement

(100-500 zl/ml).3335 In so far as these chemotaxins probably represent the

major ones operative in vivo, an infection propensity in PNH similar to that

seen in other chemotactic disorders like the lazy leukocyte syndrome,8 the
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Chediak- H igashi syndrome,9 low-complement rheumatoid arthritis,’0 diabetes

mellitus,#{176} and severe hypophosphatemia’2 should be expected.

Because the lysosomal enzyme contents (other than alkaline phosphatase) of

the PNH granulocytes studied was essentially within normal limits, it is unlikely

that the low alkaline phosphatase, seen in two of these patients, is related to

complement-mediated lysosomal enzyme release in vivo. But the fact that after

incubation with activated complement components those few PNH granulo-

cytes still capable of migration in Boyden chambers possess a more normal

LAP content suggests that a clonal abnormality occurs in granulocytes analo-

gous to that described in PNH erythrocytes.’ It appears that an abnormal clone

of LAP-deficient leukocytes is particularly susceptible to chemotaxis inhibition

by activated complement, in contrast to a more normal clone possessing normal

LAP and mobility.

Our results also suggest that a vicious cycle may amplify symptomatology in

PNH. Thus, an initially mild bacterial infection causing low-grade complement

activation could result in acquired dysfunction of chemotaxis: this might lead

to suboptimal control of the infection and to further complement activation.

Since the infection accelerates hemolysis in PNH, presumably from comple-

ment activation,4 we note that this proposed deleterious sequence may con-

tribute significantly to the morbidity of this disease.

ACKNOWLEDGMENT

We are grateful to Dr. Wendell F. Rosse and the technical staff of the Immunohematology Sec-

tion, Duke University Medical Center, Durham, NC., for making available to us two of the

PNH patients included in this study, and for providing the methods for cobra venom factor

purification.

REFERENCES

I. Rosse WF, Dacie JV: Immune lysis of

normal human and parosysmal nocturnal

hemoglobinuric (PNH) red blood cells. I. The

sensitivity of PNH red cells to lysis by comple-

ment and specific antibody. J Clin Invest 45:

736-748, 1966

2. Kabakci R, Rosse WF, Logue GL: The

lysis of paroxysmal nocturnal hemoglobinuria

red cells by serum and cobra factor. Br J

Haematol 23:693-705, 1972

3. Aster RH, Enright SE: A platelet and

granulocyte membrane defect in paroxysmal

nocturnal hemoglobinuria: Usefulness for the

detection of platelet antibodies. J Clin Invest

48:1199-1210, 1969

4. Rosse WF: Paroxysmal noctural hemo-

globinuria, in Williams WJ, Beutler E, Erslev

AJ, Rundles RW (eds): Hematology. New

York, McGraw-Hill, 1972, pp 460-474

5. Gardner FH, Murphy S: Granulocyte and

platelet functions in paroxysmal nocturnal

hemoglobinuria. Ser Haematol 5:78-87, 1972

6. Crosby WH: Paroxysmal nocturnal hemo-

globinuria. Blood 8:769-8 12, 1953

7. Craddock PR, Fehr J, Brigham K, et al:

Pulmonary capillary leukostasis: A complement

(C’) mediated complication of hemodialysis.

Clin Res 23:402A, 1975

8. Miller ME, Oski FA, Harris MB: Lazy-

leukocyte syndrome. Lancet 1:665 -669, 1971

9. Clark RA, Kimball HR: Defective granu-

locyte chemotaxis in the Chediak-Higashi syn-

drome. J Clin Invest 50:2645 2652, 1971

10. Mowat AG, Baum J: Chemotaxis of

polymorphonuclear leukocytes from patients

with rheumatoid arthritis. J Clin Invest 50:

2541-2549, 1971

II. Mowat AG, Baum J: Chemotaxis of

polymorphonuclear leukocytes from patients

with diabetes mellitus. N EngI J Med 284:621-

627, 1971

12. Craddock PR, Yawata Y, Van Santen L,

et al: Acquired phagocyte dysfunction-- A com-

plication of parenteral hyperalimentation. N

EnglJ Med 290:1403-1407, 1974

13. Craddock PR, Fehr J, Jacob HS: Com-

plement induced granulocyte paralysis and in-

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/47/6/931/579995/931.pdf by guest on 25 April 2024



GRANULOCYTE DYSFUNCTION IN PNH 939

lection propensity in paroxysmal nocturnal

hemoglobinuria. Clin Res 22:387A, 1974

14. Cartwright GE: Diagnostic Laboratory

Hematology (ed 4). New York, Grune &

Stratton, 1968, pp 172 179, 284 286

15. Cutts JH: Cell Separation, Methods in

Hematology. Academic, New York, 1970, pp

49 54

16. Ward PA, Lepow lH, Newman U:

Bacterial factors chemotactic for polymorpho-

nuclear leukocytes. Am J Pathol 52:725 736,

1968

17. Boyden SV: The chemotactic effect of

mixtures of antibody and antigen on poly-

morphonuclear leukocytes. J Exp Med 115:

453-466, 1962

18. Ward PA, Cochrane CG, Muller-

Eberhard HJ: The role of serum complement

in chemotaxis of leukocytes in vitro. J Exp Med

122:327-346, 1965

19. Ballow M, Cochrane CG: Two anti-

complementary factors in cobra venom. He-

molysis of guinea pig erythrocytes by one of

them. J Immunol 103:944-952, 1969

20. Kabat EA, Mayer MM: Experimental

Immunochemistry (ed 2). Springfield, Ill.,

Thomas, 1964, pp 22-96

21. Paul BB, Shauss RR, Jacobs AA, et al:

Function of hydrogen peroxide, myeloper-

oxidase and hexosemonophosphate shunt en-

zymes in phagocytosing cells from different

species. Infect Immun 1:338-344, 1970

22. Brittinger G, Hirschorn R, Douglas 5,

et al: Studies on lysosomes. Xl. Characteriza-

tion of a hydrolase-rich fraction from human

lymphocytes. J Cell Biol 37:394--4l 1, 1968

23. Worthington Enzyme Manual. 1972.

Worthington Biochemical Corp., Freehold,

N.J., pp 100 101

24. Dc Chatelet LR, Cooper MR: A modi-

fied procedure for the determination of leuko-

cyte alkaline phosphatase. Biochem Med 4:61-

68, 1970

25. Dameshek W: Riddle: What do aplastic

anemia, paroxysmal nocturnal hemoglobin-

uria (PNH) and “hypoplastic” leukemia have

in common? Blood 33:283- 286, 1969

26. Jenkins DS, Hartmann RC: Paroxysmal

nocturnal hemoglobinuria terminating in acute

myeloblastic leukemia. Blood 33:274-282, 1969

27. Holden D, Lichtmann H: Paroxysmal

nocturnal hemoglobinuria with acute leukemia.

Blood 33:283-286, 1969

28. Kaufman RW, Scheichter GP, McFar-

land W: Paroxysmal nocturnal hemoglobin-

uria terminating in acute granulocytic leu-

kemia. Blood 33:287-291, 1969

29. Tsevrenis H, Pouggouras P. Simos A,

et al: Evolution d’une hemoglobinurie nocturne

paroxystique maladie de Marchiafava-Micheli,

en leucose aigue. Nouv Rev Franc Hematol

10:274-277, 1969

30. Carmel R, Coltman CA, Yatteau RF, et

al: Association of paroxysmal nocturnal

hemoglobinuria with erythroleukemia. N EngI

J Med 283:1329-1331, 1970

31. Wasi P. Kruetrachue M, Na Nakorn S:

Aplastic anemia-Paroxysmal nocturnal hemo-

globinuria syndrome-acute leukemia in the

same patient. The first record of such oc-

currence. J Med Assoc Thailand 53:656-663,

1970

32. Essig Li, Brubaker Li, Mengel DE:

Acid serum lysis of paroxysmal nocturnal

hemoglobinuria (PNH) WBC’s and formation

of PNH-Iike lesion in normal WBC’s. Clin

Res 17-69, 1969

33. Ward PA, Becker LE: The deactivation

of rabbit neutrophils by chemotactic factor and

the nature of the activatable esterase. J Exp

Med 127-693-709, 1968

34. Becker EL: The relationship of the

chemotactic behavior of the complement-

derived factors C3a, C5a, and C567, and a

bacterial chemotactic factor to their ability

to activate the proesterase I of rabbit poly-

morphonuclear leukocytes. J Exp Med 135:

376-387, 1972

35. Keller HU, Hess MW, Cottier H: In-

hibiting effects of human plasma and serum on

neutrophil random migration and chemotaxis.

Blood 44:843-848, 1974

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/47/6/931/579995/931.pdf by guest on 25 April 2024




