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DIFFERENCESBETWEENTHE ACTIVITIES OF MATUREGRANULOCYTESIN
LEUKEMICANDNORMALBLOOD1

By A. I. BRAUDE,2 JOYCEFELTES, AND MARTIN BROOKS

(From the Department of Internal Medicine, University of Michigan, Ann Arbor, Mich.)

(Submitted for publication January 1, 1954; accepted March 22, 1954)

The abnormal appearance and number of granu-
locytes in the various leukemias suggest that
phagocytosis by granulocytes in all stages of ma-
turity might be so disturbed that leukemic patients
might become more susceptible to bacterial infec-
tions than normal persons. Phagocytic activity
among immature granulocytes is only slight but
increases with maturity and becomes prominent
among metamyelocytes and mature leukemic neu-
trophils (1-4). It has not been established, how-
ever, whether mature leukemic neutrophils are
equal in phagocytic activity to normal mature neu-
trophils. Such a comparison has been attempted
by Hirschberg (5) who concluded that the ma-
ture neutrophils in leukemic blood displayed less
phagocytic activity than mature neutrophils in nor-
mal blood. Her results are open to question, how-
ever, because comparisons were made between
phagocytic systems which were not uniform with
respect to: 1) The number of phagocytes per unit
volume; 2) quantity of opsonin; and 3) character
of suspending menstruum. She also neglected to
take into account the possible effect of antileukemic
treatment on the phagocytic properties of leuko-
cytes.

In the present study, the activity of mature leu-
kemic granulocytes was measured in two ways: 1)
Suspensions of leukemic and suspensions of nor-
mal leukocytes, containing approximately equal
numbers of mature granulocytes, were inoculated
with opsonized type II pneumococcus and the
phagocytic activity of leukemic granulocytes was
compared with that of normal granulocytes. 2)
Heparinized leukemic blood was divided into two
portions and the buffy coat removed from one to
lower the count of mature neutrophils to normal

1 This investigation was supported (in part) by a re-
search grant from the National Cancer Institute of the
National Institutes of Health, Public Health Service.

2 Present address: Department of Internal Medicine,
Southwestern Medical School of the University of Texas,
Dallas, Texas.

levels; each portion was inoculated with patho-
genic staphylococci and the number of culturable
staphylococci were counted before and after six
hours' incubation.

The simultaneous performance of these two
tests on specimens from a given patient provided
information not only on the action of single ma-
ture granulocytes in a standardized menstruum,
but also on the collective action of leukemic leu-
kocytes in their own blood. Observations were
also made: 1 ) On the effect of antileukemic therapy
on phagocytosis by neutrophils; and 2) on the in-
cidence of bacterial infection in the patients whose
leukocytes were examined.

METHODSAND MATERIALS

1. Clinical material. Patients were studied at the Uni-
versity Hospital or the Simpson Memorial Institute of
the University of Michigan. The diagnosis of leukemia
was established in each case by staff members of the
Simpson Institute through laboratory examination of
peripheral blood and bone marrow and clinical examina-
tion of the patient. The number of cases of each type of
leukemia and the treatments are listed in the protocol.
Roentgen irradiation was administered at the University
Hospital under the supervision of Dr. Isadore Lampe.

Freshly drawn samples of venous blood obtained from
these patients were divided into two portions. One portion
was used to provide leukocytes for the test with opsonized
pneumococci and one portion was inoculated with patho-
genic staphylococci as described below.

2. Measurement of leukocyte activity in a standard
phagocytic system. Leukocytes from patients with small
buffy layers and from normal persons were separated
from fresh venous blood (containing heparin 0.5 mg. per
ml. as anticoagulant) by permitting the erythrocytes to
sediment at 370 C. for 30 minutes in a glass tube tilted at
60 degrees; then the supernatant plasma was removed
with a warm sterile pipette. Supernatant plasma ob-
tained in this way usually contained at least as many
leukocytes per cu. mm. as existed in the whole blood, but
almost no erythrocytes. Sometimes it was necessary to
centrifuge the supernate or the blood itself at 500 r.p.m
for 5 minutes to remove the erythrocytes. The leukocytes
were sedimented only slightly at this speed. At first,
only siliconized glassware was used, but later it was
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IAI
Antibacterial action of leukemic whole blood and of -suspensions of leukemic leukocytes from patients with

chronic granulocytic leukemia *

C HRO0NIC GRANULOC TTIC L EUKAEMNIA

PERIPHERAL RLOOO RINGLRS SUSPENSION EOF LEI,R0CIIES:
APPNOXIMAIELT RUOUOMATU)RE

NEUTNOP6ILS IRANUS ANO SE6S.
DIrrEERENTIAL PEN mm3

MATUORE CULIURARLE PER CENT OP
NAM4E DATE NRC S Is 0 NEUTRO. STAPAYLOLOCCI MAIIINE AVERAGE NIRmeER

AGE 51000 PAILS 4COLONIES NLII7ROPRILS OACIrRIA PER IREATMENIT
DURATION PER PER ML.) PHA(SOCTIOT.ING PRAGOCTTIC trLL

MO ~~~~~~~PNEIIK)COrCCI
AF TLR

REFORE R
_______ ______HOURS S/B PATIENT CONTROL PATIENT CONTROL

R.F. 3/24/53 476. 13 9 13 5 105,000 16.800 OR6 90/10 II 100 7.0 10.5 X-Rey to spleenl
57 ~~~~~~~~~~~~~~~~~~~~~~~~~~begunthis dRte

3/27/53 364. 30 14 54 2 160.000 19.000 3,ROO 55/45 25 100 3.2 9.1 3rd day of X-Ray
II ~~~~~~~~~~~~~~~~~~~~tospleen

4/2/53 146. 152 3316 2 125.000 1.60RO R4R 48/52 76 100 2.6 14.5 wakO after X-Ray

Ma. 3/19/53 6. 50 0 0 50 4.000 22,000 4,400 100/0 100 100 1R.0 16.0 Suet g4ned response
39 to P3 given July

10 No. 1952 ahen WRC easn
99,000

M.R. 4/24/53 410. 16 391 39 4 240.000 4.600 1.560 60/40 46 100 6.9 3.6 None
21- --

4 so. 4/29/53 370. 21 14 155 1 0 130,000 20.000 694 60/20 4 90 10.0 9.0 Urethane salrted 4/26/53

5/5/53 379. 35 291 33 3 255.000 19.000 649 55/45 Ia 46 4.5 4.7 week of urethane

5/11/53 336. 45 23 30 2 230.000 9,600 32 20/60 II 100 0.7 9.5 Urethane stopped
preceding day

E.J. 12/15/52 430.5 29 33 26 I2 275.000 21.000 1l01R 36 100 3.3 9,0
n.

12'23/52 222. 26 33 3 1 9 140.000 74 100 13.5 17.7 p32 an 12/17/52

T.B. 1/12/53 65. SI 6 33 50 49.000 - 67/33 66 67 9.9 23.3 P32 July. August.
26 October. and
6s-o. Dcember 1952

2/9/53 143. 46 1426 10 92.000 16.000 669 64/16 26 100 9.6 10.5 p32 this date,
4/10/53 62. 54 26 50 It 50.000 16.900 1.640 66/12 60 90 5.0 10.7 Total body

IrradistIon
3/30/53 to 4/f0/53

ACE. 2/20/53 19. 76 01 10 14 15.000 20.600 12.000 100/0 21 66 1.3 20.1 No recent treatment
3yr 3//53 II. 72 2 0 26 9.000 22.000 6.200 95/S 95 95 16.2 16.6 X-Ray to spleen 7

2/20/53 ta 3/6/5316 wk.)
M.P. 1/12/53 730. 16 29 55 300.000 13.660 276 64/36 IS t00 19.5 25.0 None

55 _-

9 go. 1/14/53 600. 16 34, 95 3 400.000 19.600, 566 0 90 0.0 15.0

NaP. 3/31/53 37. 9 13 42 36 6.100 16.000 6.000 60/40 66 94 16.5 13.0 Total bodyX-ayd
completed 4/6/53

".S. 4/26/53 340. 26 6 71 5 115.000 16.600 560 40/601 69 TEN0ondayebei ore

3yr.__ _te

C.S. 3/20/53 62,. 45 IS 23 14 51.000 20.160 940 90/10 s0 100 9.0 19.0 P323/19/53
46

3 yr.

E.S. 6/12/52 23. S6 17 IS 20 14.900 s0 93 6.6 10.3 P32 1/14/52
56

2 yr. ____

P.O. 7/7/52 -9. 3- --21 91___ 75/25 69 96 11.1 12.4 No recent therapy

2 yr. 7/11/52 25.1 35 50 4 if 65/35 55 *5 9.5 6.0 Total body -ay
tetrted 7/9/5a2

9/16/52 140. 5 0 95 0 7,000 10.360 le2 RceIving total
badiy 9-Ray 9/10/59
to 9/95

9/25/52 151.5 6 3 91 0 13600 29.060 3.H4 beceIvIng total

10/3/52 187. 3 96 0 7.500 26.000 5.960

6.V. '/29/52 100. 40 16 39 570/30 5 44 14.5 7.3 TEN S g.dal

10/16/52 72.5 46 I6 32 6 45.000 95.600 7.600--
M. 12/15/52 174.5 36 31 37 6 110.000 21.600 6.400 50/50 39 100 9.0 14.0 Receiving total

53 ba,d y29-Nayatartedl yr. ____ - -- --an2/I05
1/30/53 174. 29 26 35 6 102.000 22.000 9.000 40/60 52 92 4.0 7.0 No treatment - last

X-Ray completedwe~~~~~~~~~~~~~~~~~~£aeks beore
2/4/53 206. 57 231 20 10 120.000 16.000 6.600- --

3/17/53 266.5 31 261 40 I1 162.000 18.240 970 -40/60 40 t00 4.0 25.0 x Re the@rapy to

______ ~~~~~~~~~~~~~9/111192to /75
3/19/53 220. 22 221 56 0 97.000 17,800 2,600 StI/5O IS 62 3.0 7 9Ray toepla:-~~~~~~~~~~~tartad Pr:evloua2 day

3/31/53 16.5 45 32 16 7 12.700 19.600 0.400 00/10 67 94 7.0 13.0 complat:dTe.eek
pray

to askI
... 10/13/52 167. 34 31 30 5 130.000 10.000 60 P32 9/5/52

62 -_ _ _ _ _ _

261 yr. 10/15/52 163. 32 16 52 0 61.000 16.000 1,000 TEM 3 ma, tladt
and 10/17/52

10/21/52 03. 47 26 24 31 65.000 24.600 6001
6a.6. 12/4/52 45.5 50 10- 23 171 27.000 29.000 13,200 PS2 12/3/52
3 ma. _ _ _ __ _ _

LBG. 11/24/52 114. 2 163 20 4.000 24.240 6.600 None
42 -_ _-

4 ma. 12/2/52 113.5 40 15 53 2 50.000 1.000 12~ ReceIVIn urethane
______ ~~~~~~~~~~~~~~3gn. del ly

2/4/53 129. 21 161 37 24 52.000 18.000) 1,568 Receivine urathane
6.. /20/52 262. 31 17 42 It T4T5.00 -TM4 - - - None

33
m. 10/27/52 24.6 40 22 14 24 16.000P3.200n:9/2

N.D. 3/11/53 60. 40 3Is6 39 33.000 19.200 5.000' - - -ospee
59 2/27/53 to 3/6/53

3 yr. _ _ _ _

E.". 5/?0/52 63.4 7 SI 42 0 46.000 16.306 16,756 -a oalo

,yr. _ _ _ _

* Whole bloods were inoculated with pathogenic staphylococci, and leukocyte suspensions with opsonized
type 2 pneumococci (S = segmented neutrophils, B = band neutrophils, I = immature neutrophils, 0 = leuko-
cytes other than neutrophils; S/B = ratio of segmented to band forms.)
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A. I. BRAUDE, JOYCE FELTES, AND MARTIN BROOKS

found that comparable results were obtained with clean
glassware which had not been treated with silicone.
Leukocytes from patients with high counts were easily
separated by pipetting the thick buffy coat from hepari-
nized venous blood. The plasma suspensions of leuko-
cytes were centrifuged at 1,000 r.p.m. for 5 minutes.
The supernatant plasma was then removed and replaced
by Ringer's solution containing 0.5 mg. heparin per ml.

The Ringer-heparin solution was added in amounts neces-

sary to give a final count of approximately 8,000 mature
neutrophils per cu. mm. No attempt was made to re-
move the inmature neutrophils also present in the sus-

pension. Mature neutrophils were defined as band forms
and segmented forms. Immature neutrophils were de-
fined as metamyelocytes, myelocytes, progranulocytes, and
myeloblasts. All cells were identified according to the
criteria reported by the committee for clarification of the
nomenclature of cells (6).

A type II pneumococcus, highly virulent for mice and
containing a large capsule rendering it resistant to
phagocytosis in the absence of specific opsonin in uitro,

was subcultured on rabbit blood-agar plates. At the
time of each test, freshly grown cultures of the pneumo-

coccus were removed from the surface of the plate with
a platinum wire and the bacteria suspended in Ringer's
solution to give a density equal to that of the No. 1 tube
of the MacFarland nephelometer. The pneumococcal
suspension was distributed in 0.1 ml. quantities among

six glass test tubes measuring 15 X 100. Rabbit sera

containing high titers of specific type II pneumococcal
antibody were used to opsonize the pneumococcus by add-
ing 0.02 ml. of antiserum to each of two tubes containing
pneumococcal suspension. Pneumococci in two other
tubes were similarly treated with antiserum diluted in
Ringer's solution; those in the other two tubes with nor-
mal non-immune rabbit serum. The dilute antiserum was

used to cover the possibility that diminished phagocytic
activity of leukemic cells might not be apparent in the
presence of excess antibody. The mixtures of serum and
pneumococci were incubated in a water bath at 37° C. for
30 minutes. Then 0.1 ml. of leukemic cells suspended in
Ringer's was added to one of each of the three pairs of

TABLE II

Antibacterial action of leukemic whole blood and suspensions of leukemic leukocytes from patients with acute and sub-
acute granulocytic leukemia*

ACUTE AND SUBACUTE 6RANULOCTTI C LEUKENI AS

RINGERS SUSPENSION OF LEUKOCYTES:
PERIPHERAL BLOOD APPROXIMATELY 8,000 MATURE

____________ NEUTROPHILS (BANDI AND SEGS)

,Different Ia MATURE CULTURABLEJ PER CENT OF
NAME DATE WBC S B 0 NEUTRO- STAPHYLOCOCCI MATURE AVERAGENUMBER TYPE OF
AKC XiOOO PHILS (COLONIES NEUTROPHILS BACTERIA PER GRANULOCYTIC

DURATION PEI PER ML.) PHASOCYTOSING PHAGOCYTIC CELL LEUKEMIA TRAMN

AFTER
BEFORE 6 PATIENT CONTROL PATIENT CONTROL

_OURS
D.W. 7/5/52 6.1 I O 65 24 75 82 6.7 11.1 SA;SL None

22
5 so.

E.L. 3/6/53 15.6 39 I 59 6,000 22,200 4,800 92 95 11.5 16.6 SA;SL one
73

3 wkc.

E;T. 3/5/53 3.96 59 9 III 30 2,400 20,000 ISO 5I 60 3.6 3.0 SA;SL |;

I.8. 11/15/52 5.6 16 3 8l 0 77 82 4.5 7.0 SA;SL None

22

G.S. 3/24/53 227. 20 2 62 16 6 100 4.1 10.5 Acute None
69

5n0.__

R.V. 3/19/53 32.5 22 6 70 2 98 82 9.9 4.2 Acute Cortisone
55

F.S. 3/31/5 4.5 18 3 38 41 900 20,400 13,200 100 100 40.0 10.0 Acute None
17

2 wk.

G.M. 8/15/52 II. 15 4 74 7 58 4 5.3 6.0 Acute ACTH 25 g9.
25 for 2 days

4eno.
.10/13/52 49.75 IIl 6 73 10 8,500 18,000 4.800 None

10/15/52 127. 6 2 90 2 10,000 29,000 6,000 None

_ 10/21/52 60.5 6 4 88 2 6.000 24.880 14,400 None

F.M. 10/23/52 17. 28 36 19 17 11,500 24,000 2,400 SA;SL
76

6 so. ____

P.C. 26.5. 16 14 4 66 --7,900 28,000 17,600 97 88 15.0 8.0 SA
58

F.C. 1/26/53 145. 2 I 91 6 4,600 24,000 17,600 Cortisone
59 75mg .6H.

mo.

* (S.A. = Subacute, SL = Subleukemic; abbreviations of cells same as Table I; L = Lymphocytes).
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PHAGOCYTICACTIVITY OF GRANULOCYTESIN LEUKEMIA 1039

TABLE III

Antibacterial action of leukemic whole blood and suspensions of leukocytes from patients with chronic lymphocytic
leukenia *

CHRON I C LYNPHOCTTI C LEUKENIA

RINGERS SUSPENSIONOf LEUKOCYTES:
APPROXIMATELY8,000 MATURE

PERIPHERAL BLOOD NEUTROPHILS IBANO3 ANO SEGS)
M4ATURE CULTURABLE PER CENT OF

NAME DATE wBC S B I L NEUTRO_ STAPHYLOCOCCI MATURE AVERAGENUMBER
AGE Xiooo PHILS (COLONIES NEUTROPHILS BACTERIA PER TREATMENTDURATION PER PER PHAGOCYTOSING PHAGOCYTIC CELLM,3 ML) PNEUMOC0CCI

AFTER
BEFORE 6 PATIENT CONTROL PATIENT CONTROL

W.Y. 11/21/52 128. 0 0 99 1.280 26,400 13,200 65 46 5.1 12.2 None
48

J.P. 4/24/53 352.5 <1 0 0 99+ (3.500 23,400 16,600 100 100 20 12 X:Ray to spleen 4/23/53 to 5/5/53

H.C. 12/2/52 24. 23 0 I 76 100 100 10.9 7.2 Receiving X:RIy to nodes 11/3/5274 to 12/13/52
7 yr.

7.". 3/5/53 400. I 0 0 99 4.000 23.400 14,400 X:Ray to regional node 2/23/5367 to 3/5/53
2 yr. 4/17/53 260. 3 0 0 97 8,400 18.600 6.600 76 92 9.5 6.6 6 weeks after complet ion of X:Ray

A.v. 3/31/53 51. 9 0 0 91 4.590 17,000 9.600 6s 94 17.6 13

J.M. 3/3/53 186. 8 0 0 92 15.000 19.600I ,160 82 100 15 15 X:Ray to nodes 2/25/53 to 3/9/5361
2 so.

A.R. 12/1/52 8.7 41 0 0 59 3,600 25600 2.640 100 | 100 )40 1S None within 6 months
63

2H yr.

J.O. 4/21/53 15.3 24 0 74 3,500 18.144 14,994 Total body X:Ray 4/17/52 to

64 4/25/52
2 yr. ____

* Abbreviations same as Tables I and II.

TABLE IV

Antibacterial action of leukemic whole blood and suspensions of leukocytes from patients with acute and subacute
lymphocytic leukemia *

ACUTE AND SUBACUTELYMPHOCYTICAND NONOCYTIC LEUKEMIA

P E R I P H E R A L B L OOD

RINGERS SUSPENSION OF LEUKOCYTES:
APPROXIMATELY 8,000 MATURE

NEUTROPHILS (8BAND ANO SEGS)
PER WM

SB: Mature neutrophils
M: Monocytes

MP: Promonocytes
| B: Blasts

L: Lymphocytes
I: nnumerable I

MATURE CULTURABLE PER CENT OF
NAME NEUTRO- STAPHYLOCOCCI MATURE AVERAGE NUMBER
AGE DATE NBC BO M PM B L PHILS (COLONIES NEUTROPHILS BACTERIA PER

DURATION XIOOO PE1 PER ML.) PHAGOCYTOSING PHAGOCYTICCELL TYPE OF
MM.'- PNEUMOCOCCI LEUKEMIA TREATMENT

AFTERBEFORE 6 PATIENT CONTROL PATIENT CONTROL
_________ ________ ~~~~~~~HOURS

H.T. 4/15/53 120. 0 0 50 43 7 0 1-000 21,600 0 100 1 1 Acute None
34 Promon. M4onocyti c

2 mo. ____active ___

4/17/53 5I. 0 0 25 66 9 0 12,000 9,600 0 100 12.5
Promon.
active

4/29/53 12. 0 0 30 64 6 0 oactI ve| 9 9

C.K. 5/5/53 1.2 2 0 0 30 69 24 366 2,400 Subacute None
Sub leukesic
Monocytic

W.S. 9/26/53 5.35 17 13 10 36 22 920 736 348 Acute None
56 +650 Subleukemi c
2wk. ~~~~~ ~ ~~~mono. Nonocytic2 wk . cytes ____I__

A.Gh 4/10/53 19. 3 0 0 0 97 570 624 11,600 90 90 33 10.7 Subacute None
Sub leukem ic
Lymphocyti c

A.G. 12/23/52 2.1 8 0 0 0 92 166 1,368 3.600Suate Nn
60 Subaeutem Noc

________ _______ _______ ~~~Lymphocyt ic

tubes and 0.1 ml. of normal cell suspension to each of the
corresponding three tubes. All tubes were sealed with
paraffin and the mixtures of leukocytes and opsonized
pneumococci were rotated in a machine at 6 r.p.m. for 15
minutes. The tubes were opened and a drop of the con-

tents spread on a glass coverslip. The film was dried,
stained with Wright's Stain, and mounted on a glass slide.
Phagocytic activity was determined as follows:

Approximately 100 mature neutrophils were counted;
the number which had ingested pneumococci were re-
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corded and subsequently referred to as "Per cent phago-
cytosis." The total number of intracellular pneumococci
were also counted and the average number of pneumo-
cocci ingested were recorded for those cells which con-

tained intracellular organisms. Results in Tables I, II,
III, and IV are given for undiluted opsonin because the
results with diluted opsonin were confirmatory.

3. Measurements of the antibacterial action of whole
leukemic blood. The purpose of this experiment was to
determine the capacity of whole leukemic blood inoculated
with pathogenic staphylococci to lower the bacterial count
after 6 hours incubation at 370 C. Pathogenic staphylo-
cocci were selected as the test organism not only because
they produced most bacterial infections in leukemic pa-

tients, but also because they multiplied rapidly in fresh
plasma or in leukocyte-free whole blood incubated at
37° C. Although this test has been regarded as a meas-

ure of bactericidal activity, it has been demonstrated that
the decrease in number of bacterial colonies results from
phagocytosis and intracellular clumping, rather than
from killing of staphylococci (7). When leukemic or

normal phagocytes are disrupted with distilled water or

by raising the pH above 10, the dispersed cocci grow

separately instead of in clumps and the number of col-
onies increases greatly in the agar plates. The alkaline
pH also breaks up the extracellular clumps of coagulase
positive staphylococci which are present in plasma.

The strain of staphylococcus (B) used in all experi-

ments had been isolated from human empyema fluid. It
clotted human plasma, clumped instantly in fibrinogen
solution, and on blood agar produced hemolysis and a

golden yellow pigment. It was maintained in a smooth
phase by frequent subculture on blood agar. For routine
tests, the staphylococci were grown for 18 hours in tryp-
tose phosphate broth and then resuspended in saline to
give a density equal to that of the No. 1 tube of the
MacFarland nephelometer. The suspension of staphylo-
cocci was then diluted in saline either to 1V or 1O' de-
pending on whether heavy or light inoculums were de-
sired. Because of the large errors involved in reaching a

given dilution by pipetting, numbers of bacteria were

selected for inoculation that could be counted in agar

plates without serial dilution.
Leukemic whole blood used in these experiments was

part of that drawn to provide leukocytes for the stand-
ardized phagocytic system in Section 1 and permitted
simultaneous performance of both procedures on aliquots
from the same sample. The portion used for inoculation
with staphylococci was divided into equal aliquots; the leu-
kocyte count was lowered considerably in one of the ali-
quots by pipetting off the buffy coat. Two and one half ml.
of blood with buffy coat intact and 2.5 ml. of blood with
buffy coat removed were each inoculated with 0.5 ml. of
staphylococcal suspension and incubated for 6 hours at
370 C. in tubes measuring 38 X 180 mm. The tubes were

not agitated because it was found that agitation for a

TABLE V

Antibacterial action of leukemic whole blood measured by its ability to reduce the number of
culturable staphylococci (coagulase positive) during 6 hours incubation: Effect of

lowering to approximately normal the numbers of mature granulocytes by
removing the leukemic buffy coat (Compare with Table VA which

gives results for normal blood)

STAPHYLOCOCCI CULTURED BEFORE AND AFTER 6 HOURS
NUMBERMATURE INCUBATION IN LEUKEMIC WHOLE BLOOD
GRANULOCYTES BUFFY (COLONIES PER ML.)

Patient (SEGS. AND BANDS) COAT
PER MM3 REMOVED LARGE INOCULUM SMALL INOCULUM

BEFORE AFTER 6 HOURS BEFORE AFTER 6 HOURS

R. F. 160,000 no 18,000 3,600 790 8
3/24/53 7,000 yes 22,000 26,000 712 810

0 Plasma 840 9,600

4/2/53 125,000 no 18,600 828 1,170 10
9,000 yes 16,400 16,800 546 650

Pl a8sm1a 20,000 Innumerable
E. J. 275,000 no 21,000 10,000 516 10
12/15/52 6,500 yes 30,000 32,400 1,058 1,640

Plasma unable to obtain celI-free -plasma

L. 6. 46,000 no 24,240 6 600 1,376 112
11/24/52 10,500 yes 24,480 20,800 1,440 634

Plasma 1,200 18,000

M. L. 162,000 no 18,240 970 620 8
3/17/53 4,200 yes 16,800 21,000 658 1.336

Plasma 1,024 16,400
3/31/53 12,700 no 19,800 8,400 920 288

4,000 yes 18,000 18,000 1,058 1 158
Plasma 1,018 2,400

A. A. E. 15,000 no 20,600 12,000 1,008 330
2/20/53 5,700 yes 20,800 19,700 1,188 4,000

Plasma 1,018 20,000

M. P. 300,000 no 13,680 476 652 28
1/12/53 26,000 yes 29,400 20,400

Plasma unable to obtain ceIl-free plasma

1040



PHAGOCYTICACTIVITY OF GRANULOCYTESIN LEUKEMIA

TABL VA

ANTIBACTERIAL ACTION OF NORMALBLOODMEASUREDBY ITS ABILITY TO
REDUCETHE NUMBEROF CULTURABLESTAPHYLOCOCCI COAGULASEPOSITIVE

DURING 6 HOUR INCUBATION
STAPHYLOCOCCICULTURED BEFORE AND AFTER 6 HOURS

INCUBATION IN NORMALWHOLEBLOOD OR PLASMA
(COLONIES PER ML.)

NEUTROPHILS
PER MM3 LARGE-INOCULUM SMALL INOCULUM

BEFORE AFTER 6 HOURS BEFORE AFTER 6 HOURS

I. Blood -5,500 24,000 3,880 840 52
1.Plasma 0 768 6,9860

2. Blood 5,000 20,400 6,600 1,096 130
Plasma 0

3. Blood 4,500 18,000 6,240 912 224
Plasma 0 1,152 22,000

4. Blood 6,500 17,600 3,400 260 24
Plasma 0 10,000 40,000 364 9,840

5. Blood 4,500 21,000 10,200 456 120
Plasma 0 232 9,000

6. Blood 5,500 24,400 10,320 840 2
Plasma 0 201040 24900

7. Blood 5,000 20,400 3,600 558 56
Plasma 0 3,840 9,000 686 2,400

8. Blood 3,000 22,800 7,200 1,080 368
Plasma 0 692 14,400

9. Blood 6,300 23,000 1,200 860 l5
Plasma 0 20,400 49,000 428 6,480

10. Blood 3,500 20,400 4,200 496 58
Plasma 0 20,000O 39,600 500 3j,100

II. Blood 5,300 22,000 2,400 672 42
Plasma 0 424 5,200

12. Blood 3,600 12,000 3,600 440 272
Plasma 0 9,600 40,000 364 7,84.0

period as long as 6 hours was very destructive to the
leukocytes. Before incubation, and immediately after
removal from the incubator, the tubes were shaken to
disperse the leukocytes and bacteria, and 0.5 ml. of the
blood was removed each time and incorporated into agar
pour plates and incubated at 370 C. for 24 hours. The
bacterial colonies were then counted. Normal whole blood
was inoculated with staphylococci and treated in the
same way. Results were not recorded if heavy growth
failed to develop in cell-free plasma controls.

4. Phagocytic activity of normal leukocytes in leukemic
phsma. The phagocytic system described in Section 2
was useful for demonstrating an antileukocyte factor in
leukemic plasma. The procedure was identical except that
normal leukocytes were resuspended in leukemic plasma
instead of Ringer's solution. The leukemic and normal
control plasmas had been collected on the dates indi-
cated in Table VI and stored at 40 C. until 5/19/53 and
5/21/53 when they were removed for the experiments.
In this way all plasmas were tested simultaneously against
normal leukocytes obtained from a given sample of blood.

RESULTS

Chronic granulocytic leukemia
Pneumococci were phagocytosed by fewer ma-

ture leukemic neutrophils than by normal neutro-
phils in most experiments. Phagocytosis equal to
that of the normal control was observed among
leukocytes from only 2 of 14 leukemic patients
(A. E. 3/6/53 and M. W.) at a time when both
had experienced marked clinical and hematologic
remission from successful therapy. In two other
cases (T. B. 1/12/53 and E. S. 8/12/53) the per
cent phagocytosis by mature neutrophils ap-
proached normal, but the average number of in-
tracellular pneumococci per phagocytic cell was
markedly lower than normal. Phagocytes from 7
of the 14 patients contained at one or more times
an average number of intracellular pneumococci
equal to or greater than the average observed in
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normal phagocytes serving as controls. Two of
these patients were those who had undergone re-
mission after treatment and whose leukocytes were
all as active as normal. Only a fraction of the
leukocytes from the other five patients were
phagocytic, but the phagocytic cells were, on the
average, as active as normal or more so. In addi-
tion to the two whose leukocyte function was
normal during remission, three patients (M. L.
3/31/53, E. J. 12/23/53, R. F. 4/2/53) and per-
haps a fourth (T. B. 4/10/53) manifested im-
provement of leukocyte function after treatment
with x-ray or P82. A sharp fall in phagocytic ac-
tivity was observed in leukocytes from patient
(M. R.) after the start of treatment with urethane.

Both band and segmented cells were regarded
as mature neutrophils. Numerous reports have
disclosed that there is no significant difference be-
tween the phagocytic activity of band forms and
segmented forms from normal persons (2-4, 8).
Phagocytosis by metamyelocytes was occasionally
observed but rarely if ever occurred among mye-
locytes or younger cells in our preparations. Dis-
tinction between band and segmented forms was
sometimes difficult when the cell contained nu-
merous cocci. For this reason no attempt was
made to compare quantitatively the relative phago-
cytic power of band cells and segmented cells.
Table I discloses that in chronic granulocytic
leukemia the per cent phagocytosis was usually
much less than the per cent of segmented neutro-
phils in a given suspension. It is clear, therefore,
that phagocytosis by segmented neutrophils was
impaired in chronic granulocytic leukemia.

Samples of blood from each of the 12 patients
whose mature neutrophils showed impaired phago-
cytosis of pneumococci reduced the number of
culturable staphylococci in 6 hours as readily as
normal blood. Bloods from a total of 19 of 20 pa-
tients lowered the total staphylococcal count as
effectively, or more so, than normal blood. The
one exception (E. H.) was a patient whose blood
contained mostly band neutrophils. Although his
blood did not lower the bacterial count, it prevented
growth.

The observed impairment of phagocytosis by
individual neutrophils in chronic granulocytic leu-
kemia, as measured by the phagocytosis of pneu-
mococci, was also demonstrated when the total

neutrophil count of whole leukemic blood was re-
duced to normal. Thus, in bloods from seven pa-
tients, removal of the buffy coat not only reduced
the neutrophil count to levels approaching normal,
but also rendered the blood incapable of lowering
significantly the count of staphylococci (Table V).

Acute and subacute granulocytic leukemia

The per cent phagocytosis by mature neutro-
phils was at least normal or nearly normal, in eight
of nine patients (Table II). In five of these eight
leukemic patients, the average number of pneumo-
cocci per phagocytic cell was normal or greater.
Only in the suspension made from the cells of one
patient (G. S.) were both the per cent phagocy-
tosis and average number of intracellular bacteria
reduced when compared to the normal control.
He was the only patient of the nine whose total
leukocyte count in the peripheral blood was greatly
elevated when the test was performed. In three
patients (P. C., F. S., and R. V.) there was a
great increase in phagocytic activity over normal
as judged both by per cent phagocytosis and num-
ber of bacteria per cell. Neutrophils from pa-
tient F. S. were so heavily packed with pneumo-
cocci that the bacteria could not be counted. All
bloods from patients with acute or subacute granu-
locytic leukemia lowered the count of inoculated
staphylococci as well as normal blood. The blood
from two patients reduced the number of cultur-
able staphylococci despite the presence of only
2,400 (patient E. T.) and 900 (patient F. S.) ma-
ture neutrophils per cu. mm.

Chronic lymphocytic leukemia (Table III)

The per cent phagocytosis by mature neutro-
phils from five patients was essentially normal.
The per cent phagocytosis by leukocytes from two
patients (J. H. and J. M.) was reduced, but not by
much. Phagocytes from five of the seven patients
contained more intracellular pneumococci than
normal, from one patient (J. M.) the same as nor-
mal, and only those from patient W. Y., less than
normal. Two of the patients (J. P. and H. C.)
whose leukocytes were more active than normal
were receiving x-ray therapy during the periods
when the tests were made. Patient J. M., whose
leukocyte function was slightly reduced, was also
receiving x-ray therapy.
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Although the count of mature neutrophils was

4,000 per cu. mm. or less in the blood of five of
seven patients, normal or nearly normal reduction
in numbers of inoculated staphylococci was ob-
served in each case. The blood of patient A. R.,
containing only 3,600 mature neutrophils per

cu. mm., reduced the number of culturable staphy-
lococci by almost 90 per cent or more than that
produced by normal blood. His leukocytes were

also exceedingly active in the standardized phago-
cytic system against pneumococci.-

Acute and subacute monocytic and lymphocytic
leukemias (Table IV)

It was possible to test the neutrophils of only
one patient (A. G.) for phagocytosis of pneumo-

cocci. These were more active than normal.

Some of the promonocytes (per cent not deter-
mined) of patient H. T. showed tremendous phago-
cytic activity and engulfed so many pneumococci
that the bacteria could not be counted in each cell.

These phagocytic promonocytes were apparently so
active that they restrained the growth of inoculated
staphylococci and even lowered the count on one

occasion (4/17/53). Similar activity of mono-

cytes or promonocytes may be evident in the case
of W. S. whose blood reduced a small inoculum of
staphylococci by nearly 50 per cent. The number
of phagocytes in the bloods of the other three pa-
tients in this group were too low to restrain
staphylococcal multiplication.

Phagocyti activity of normal leukocytes in leu-
kemic plaskas (Table VI)

The plasmas obtained from patient M. L.
(chronic granulocytic) and from patient F. S.
(acute granulocytic) abolished the phagocytic ac-

tivity of normal leukocytes obtained from two
donors. These plasmas also damaged the neutro-
phils, producing severe lysis (plasma M. L.) or

pyknosis (plasma F. S.). The plasmas of three
other patients (A. G., subacute subleukemic

Ls VI

PHIAGOCYTIC ACTIVITY OF NORMALNEUTROPHILES SUSPENDED IN LEUKENIC PLASNAS
All plasmas were stored at 40 C. and later tested simultaneously with each sample of

normal cells.

PER CENT OF NEUTROPHILES
SOURCEOF LEUKEMIC PLASMA SUSPENDEDIN LEUKEMIC PLASMA APPEARANCEOF CELLS

WHICH PHAGOCYTOSEDOPSONIZED
TYPE 2 PNEUMOCOCCI

CASE DATE TYPE OF LEUKEMIA NORMALCELLS NORMALCELLS
J.F. A.B.

A.G. 4/10/53 Subacute subleukemic 72 50 Lysis (of some cells)
. ________ I ymphocyt i c _

M.L. 3/31/53 Chronic granulocytic 0 0 Lysis of all cells

F.S. 3/31/53 Acute granulocytic c 2 0 Pyknos is of all cells

H.T. 4/29/53 Acute monocytic 64 62 Normal

A.E. 3/6/53 Chronic granulocytic 50 65 Normal

E. L. 3/6/53 Subacute subleukemIc 68 86 Normal
__granulocytic _

J.P. 4/24/53 Chronic lymphocytic 64 88 Normal

U.Y. 2/24/53 Chronic lymphocytic 65 87 Normal

M.W. 3/19/53 ChronIc'granulocytic 75 70 Normal

M.R. 5/5/53 Chronic granulocytic 90 Normal

M.S. 4/29/53 Chronic granulocytic 90 Normal

Normal Control. A 90

Normal Control. B 96

Normal Control. C 100
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TABLE VII

INCIDENCE OF BACTERIAL INFECTIONS IN LEUKENIC PATIENTS

Infections were all staphylococcal and consisted of mild
furuncles, pharyngitis, and a generalized pustular dermatitis.

TOTAL NUMBERWITH
TYPE OF LEUKEMIA TOTAL NUMBEROF CASES PROVEN BACTERIAL

INFECTION
Chronic Granulocytic 24 2

Acute GranuIocytic 8 3

Chronic LymphocytIc 10 0

Acute Lymphocyti 2 0

Acute Monocytic 3 0

47TOTAL 5

lymphocytic; H. T., acute monocytic; A. E.,
chronic granulocytic) also seemed to reduce phago-
cytosis of normal leukocytes, but not by much.
The plasma of A. G. produced slight cytolysis.

DISCUSSION

There are at least two possible explanations for
the decreased phagocytic activity of mature neu-
trophils in chronic granulocytic leukemia, ob-
served in this study. One possible explanation is
that there is an inherent defect in the leukemic cell.
The other is that leukemic plasma contains a fac-
tor which is injurious to the neutrophil. What-
ever the cause, the decreased phagocytic activity
could not have been anticipated by morphologic
study because the nuclear configuration and cyto-
plasmic structure of most of the mature leukemic
neutrophils were normal. The existence of func-
tional changes without morphologic abnormality
in neutrophils has also been suggested by observa-
tions on leukocytes removed from patients with
diabetes and anemia. Recently, Martin, McKin-
ney, Green, and Becker (9) have reported that
leukocytes from diabetics cannot oxidize glucose
normally in titro unless insulin is provided. In
anemia, Berry and Spies (10) have found that
neutrophils, instead of showing disturbed activity,
possess greater phagocytic capacities than normal
cells.

This state of reduced phagocytic capacity is not
a universal feature of the leukemic process, how-
ever. In chronic lymphocytic leukemia, in acute
granulocytic leukemia, and perhaps in acute lym-
phocytic leukemias, the individual function of the

granulocytes was not usually disturbed. Because
of the diminished total numbers of cells, however,
the total antibacterial activity of whole blood in
these conditions was sometimes less than that of
blood from patients with chronic granulocytic leu-
kemia and even less than normal.

It does not seem likely that the decreased ac-
tivity of neutrophils in granulocytic leukemia was
due to irradiation because leukocytes from pa-
tients who never received irradiation prior to the
study displayed impaired phagocytic activity.
Moreover, irradiation appears to enhance rather
than depress phagocytic activity. Thus leukocytes
from some patients with lymphocytic leukemia re-
ceiving Roentgen irradiation displayed greater
phagocytosis than normal. In animals, irradiation
has also produced greater phagocytosis than nor-
mal by neutrophils (11). There is little question
that in several patients with granulocytic leukemia,
radiation therapy actually produced an improve-
ment in phagocytic activity. The effect of ure-
thane appeared to differ from that of irradiation in
the one patient studied because there was a de-
crease instead of increase in phagocytic activity.

Although the function of the individual cell is
impaired in chronic granulocytic leukemia, the ex-
cess number of granulocytes raises the total anti-
bacterial defense of the whole blood to normal.
Since tissues receive their granulocytes from the
blood, it is not surprising that the cellular mor-
phology of the inflammatory reaction in infected
tissues is normal in granulocytic leukemia. Jaffe
(12) found that in these patients the cells com-
prising the inflammatory reaction had the appear-
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ance of normal neutrophils and they were present
in normal numbers or greater.

Bacterial infections were not frequent among
the patients in this report (Table VII). Only
two patients with chronic granulocytic leukemia
suffered from infection. These were both mild
furuncles which were promptly localized. Three
patients with acute granulocytic leukemia appeared
to suffer bacterial infections. Two patients had
a sore throat from which coagulase positive staphy-
lococci were cultured. These bacteria are fre-
quently present without producing infection and
cannot be definitely regarded as the cause of the
sore throats. A third patient experienced a gen-
eralized pustular eruption. All three cases re-
covered after receiving antibiotics. No bacterial
infections were noted in 12 patients with lympho-
cytic leukemia. The relatively low incidence of
severe infection in all patients studied may be cor-
related with observations on leukocyte function.
In chronic granulocytic leukemia, an excess num-
ber of neutrophils offsets poor individual function.
In lymphocytic leukemia, and in the acute leuke-
mias, there appear to be enough normally active
phagocytes for defense against bacterial infection
even though the total numbers may be somewhat
lower than normal. Thus, Jaffe (12) observed
that patients with very low leukocyte counts could
mobilize adequate numbers of neutrophils from
isolated foci in the bone marrow to provide good
cellular defense reactions to infection in the tissues.
Other cells than granulocytes may also contribute
significantly to cellular defense in leukemia. An
example of this is provided by the patient with
acute monocytic leukemia whose promonocytes
were so actively phagocytic that whole blood con-
taining them but no other phagocytes possessed
total antibacterial properties equal to that of nor-
mal blood. The extreme susceptibility of certain
patients with acute leukemia to bacterial infections
appears to be a function of a marked decrease in
total number of mature granulocytes rather than a
decrease in function of individual cells.

The antiphagocytic and leukocyte-destroying
properties of stored leukemic plasmas are recorded
here as a preliminary observation of interest. The
two plasmas most destructive for neutrophils were
obtained from patients with granulocytic leukemia
when their leukocyte counts were low. Yet the
activity of their own leukocytes against staphylo-

cocci was good in the fresh whole blood from which
the stored plasmas were obtained. In one of these
patients, however, the total leukocyte count had
fallen from 220,000 to 16,500 just before the plasma
was obtained. It remains to be determined if the
factor in leukemic plasma which is toxic for leu-
kocytes is related to the leukotoxic substance dem-
onstrated by Doan (13), and what role, if any, it
may have in the pathogenesis of leukemia.

SUMMARYANDCONCLUSIONS

Phagocytic activity of leukocytes in 45 cases of
leukemia was studied by two methods: 1) Suspen-
sions of leukemic and suspensions of normal leu-
kocytes, containing approximately equal numbers
of mature granulocytes were inoculated with op-
sonized type II pneumococcus and the phagocytic
activity of leukemic cells was compared to that of
normal granulocytes; 2) Heparinized leukemic
blood was divided into two portions and buffy coat
removed from one to lower the count of mature
neutrophils to normal levels. Each portion was in-
oculated with pathogenic staphylococci and the
number of culturable staphylococci were counted
before and after 6 hours incubation.

Pneumococci were phagocytosed less actively by
mature granulocytes from chronic granulocytic
leukemia than by normal granulocytes. In lympho-
cytic leukemia, phagocytosis of pneumococci by
granulocytes was usually normal. Treatment of
patients by irradiation sometimes restored normal
phagocytosis in granulocytic leukemia.

Similarly, in chronic granulocytic leukemia, when
buffy coat was removed to leave a count of 5,000
to 10,000 mature granulocytes per ml. of blood, the
number of culturable staphylococci was often not
significantly lowered. Yet normal bloods averag-
ing 5,000 mature granulocytes markedly reduced
the numbers of staphylococci. If buffy coat was
not removed, blood from chronic granulocytic leu-
kemia also reduced markedly the number of
staphylococci.

In chronic granulocytic leukemia, phagocytosis
by individual granulocytes was usually impaired
but overproduction of granulocytes raised the total
defense of the blood to normal. In chronic lympho-
cytic, and certain acute leukemias, individual func-
tion of mature granulocytes is usually undisturbed,
but decrease in total numbers sometimes weakens
antibacterial defense.
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