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Neutrophil Function and the Effect of Chemotherapy on Neutrophil
Function in Patients with Cancer

Soon Nam Lee, Lee Gap Park
Department of Internal Medicine, College of Medicineg, Ewha Womans University

It has been recognized for a long time that human malignant diseases are associated with immune
deficiency states. Impaired phagocytic function, low levels of plasma opsonins, impaired bactericidal
activity of granulocytes and macrophages, deficiency of myeloperoxydase, reduced migration of poly-
morphonuclear leukocytes and granulocytopenia have all been found in malignant condition primarily
or secondarily.

Especially neutrophils are crucial to the body’s defenses against infection. Defects in phagocytes
can contribute to the local establishment and systemic spread of serious bacterial infection.

The authors studied neutrophil function in 40 control and 15 patients with acute myelogenous
leukemia, 10 with non-Hodgkin's Iymphoma, 40 with stomach cancer, 10 with hepatoma, 10 with
pancreas cancer and 25 with other organ tumor to prove the mechanism of increased risk and
the severity of infection using a battery of simple and reproducible neutrophil function tests as
adherence to nylon wool fiber, migration under agarose method and nitrobule tetrazolium reduction
test.

The results obtained are as follows ;

1) On adherence to nylon wool fiber, the adherence was significantly decreased in patients with
acute myelogenous leukemia, but increased in patients with lymphoma.

In patients with other solid tumors, there were no significant differences from those of controls.
After chemotherapy with Cisplatin and 5-FU, the adherence was significantly decreased than that
of prior to therapy.

2) On migration under agarose, the chemotactic differential was significantly decreased in patients
with acute myelogenous leukemia but increased in patients with hepatoma and pancreas cancer.
Presence of factors of those increment was suspected. After infusion of Cisplatin, chemotactic differe-
ntial was decreased significantly but after infusion of 5-FU, it was decreased but there was no
significance,
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3) On NBT reduction test, NBT reduction was diminished in patients with acute myelogenous
leukemia but increased in patients with hepatoma and pancreas cancer.
1t is assumed that some unidentified factors would be present to enhance chemotaxis and NBT
reduction in patients with hepatoma and pancreas cancer. After infusion of Cisplatin, NBT reduction
was significantly decreased, but after infusion of 5-FU it was decreased but not significantly.

In patients with acute myelogenous leukemia, neutrophil functions were much impaired but in
patients with solid tumors, there were no neutrophil function defects,

After chemotheraphy with Cisplatin and 5-FU, neutrophil functions were much compromised and
this would predispose to increased risk of infection.
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Table 1. Characteristics of control and patients with cancer

Cro Number Age Sex Stage
TOou
P ¢ Median Range M F 1 11 1 hY
Control 40 40 18—54 26 1«
Aca&elzvI Igelogenous leukemia 15 9 18-64 8 7
NopHodgkin's lymphoma 0 54 16-% 7 3 2 5 3
Stomach cancer 40 50 27-72 24 16 5 28
Hepatoma and pancreas cancer 20 45 3668 14 6 8 10
Other organ tumor* 25 51 32—69 15 10
Total 150 -
* . Lung Cancer (13)  Cervix Cancer (5)  Hypernephroma (1)  Colon Caner (3)
Esophageal Cancer (2)  Melanoma (1)
AN AT E
5 Za’f}a Alg 3]’%‘% ' Shoulder
HEE h27Y FALNA heparing 10u/ml F
E & 7}t iﬂgﬁ}%ﬂ. LA A7t 55T < T
715 HlAe %L 24387 98X < Cisplatint
5FU 2419 E@e oy s we 1049 ¢8RS g

4oz N84 Cisplatin 60mg/m>S A1l &
F8 3 5557} HuRd 2k 30~4558 7 o,
282 5-FU 1000mg/m*E 5% T4 1000mlo]
gt 10~120 05 AEHFE A1~597H4
597 FYS AFo) 7R FLSA AR
o REAAN: 3H HHEAY d9x 1 4749 ¥

Be hed 2d,

1. 337 §&5 44

Silicons 9% 21cmZ 0] 9] Pasteur pipetted] scrub-
bed nylon wool fiber(3 denier, 4cm Type 200, Fewail
Lab, Morton Grove, IL) 70mgS U522 pipette®]
shoulder ¥ NARE 15mm7t A Y& (A 1
=)

Algadel AEHS T pipettes LHAIZF 37
C incubatore] E#3IH oM ATH FAF 3miE 7
Iml4 370 pipetted] Ate] T FHAAA 108
BAHF ot FHd AR A& HF}Y)

% PMN adherence=100% —~

PMN/ml in effluent sample

e X100%
PMN/m! in original sample

Fig. 1. Nylon fiber column packed in pasteur pipette.

2. st A

3579 348342 migration under agarose’ 2.
Z AP YT agard HE Nelson59] WS F%
& cline™ ] 4 & o] §-3to] A Fst o 1y
ol 2t

Agarose(Type N, Sigma, St. Louis, Mo.) 750mgS
345FF 50mlo} M5 FRAA 5UAF 48C2 43
gz BAET medium 199X 10(Gibeo, Grand
Island, NY) 100ml, heat inactivated fetal calf serum
(HIFCS, Gibco) 10ml, 1% glutamine 1ml, penicillin/st-
reptomycin £%(1% PC 500U, SM 500U/ml, Gibco)
Iml, NaHCOs(Sigma) 0.09g% 28ml¥] 3AF5HS;E
Egste 48C7HA AT FEAS 3o 23
] %3 A1 (60X 15mm, Falcon, Oxnard, Calif.) % 6mi%
Yol g9 2x& Q.

Agarose¥] A7} Zo] A 4C BRI 30~60%237t
HAHE 25mme] 2T (wel) & 25mmitZE 2.2 37}
£ V122 393 119 agarose HBY 6725
393 Zo] EAA 2%).

3183 A 91 8 (chemoattractant) & 5% zymosan

]
o
.
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60X 15mm
Tissue Culture Dish

Fig. 2. Dimensions of tissue culture dish.

activated serum(ZAS)E AH&-3tATh

Y TR LA 722 Michielson', Park®¢] W
of g5t} HEH AL AF#(Palcon Plastic 15ml)
o o 2500 RPMel A 1027 94233 leukoc-
yte rich plasma(LRP)Z pipettedtdd 5% CO.E 37
WA 37C incubatord] F2 L2 30~45%7 A9
AYTE AAAZAT AH A2 LRPE AF 3 me-
dium 1992.2 33 A H&3Z 5577} 25X107/ml= A
2334,

8834 9] 4L agarose & 7129 3N £2F 9
%4239 LRPE, W&43 9 medium 1998, 9%
A2FE ZASS pipettel® 27 1048 ¥oH
MZ AT AT 198 F4FFEA 542 2ol
o] agarose AL 5% CO, L 9% §5& A
3 A 37C incubatorol M 3AIZE wioFEHS agarose
HHE L5HeEH formalin & 1439 c) Aga-
rose A8 AATE ZAMFHAE WrightW &
Aste 1008 Er) A8t A WEAE AEE 5%
T #FAHUE FH8A

FY4aFe MRS ZASSE 58 AEF

o AuAAY AAA(A)% medium 199 FE
02 $F8 AMAYB)E ZA3 o] Zo](A-B)

3}85 4 M 4= (chemotactic differential) & T32H

A 37he) Bag wdsted BEXE TR,

3 g4%&9 AAINBT E444
g4482 NBTEAAAZ AH3HLY silicon

o ¢t

2
T
-3
T

oft iy

43 FPA G A AEE Y 1mlt 9099 9 he-
paring 2o1(100w/mD) I3 05mlE HFo

0.2% NBT A % &% <] phosphate buffered©] sa-
line(PBS, pH 74)¢] Yo} EFE 2000 RPMel A
1087 Ao 349 05miE A 24 05
mis} A A8 #e] Yol 37C FerzoA 1587
incubationdt3 A& 1587 WX AFeH cover
glass?l =THF Wright® GAste] 357 1007 &
Aol %2 Jehi A

ol4el ZFE Student ttest® FA A2 3HA T

o7

TRALL P27 351+ 84%9) vl3le] F
A dgyEaTol 263+186%F A
AN (p<001), FAETTHREYHA 159
% 5ol A dixTe] HAXRT AU

A YFZNHE 426+97% 2 HET ]3]
EAgHoz fo8A /A2 (p<0.05) 109
F el B3EAY 95% ol Fel Tk

e 1FFIME FATHOE KAG Aolst
fdey 1 B¥xe u$ gdsani(A 3w).

Cisplatin® 5-FU £33}8taw & wotd 94sa
0494 Ngd 37.7+9.1% vt Cisplatin F
4% 260+ 62% 2 A 3] TAaHAT(p<0.0D), 5-FU
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Control AML NHL Stomach Hepatoma & Other organ
cancer pancreas mor
cancer
Mean+ S.D. 351.+£84. 26.3+188 426+ 9.7 34.7+13.8 40.2£17.9- 37.9+13.7
p<0.01 p<0.05 NS NS NS

Fig. 3. Percent polymorphonuclear leukocyte adherence in control and patients with cancer. Small dotted area

represents normal range+ 1S.D.

—‘?—ml oz 94X 272+ 82% & FAFHOZ §3}
A Z2HAHp<0.05) (A 4%).

2. ﬁ*&"”ﬂﬂ}
FgeFAduee g2 F 150+ 869 st FAF
H“@%s:i}x}i‘e 1L1+ 4302 SA%Hc2 &
3tA ZaH Ao (p<0.05) 1595 39 oA % of
=9 95% 89 bl ATt
gy Qs E e 107+ 788 ZAATS B
Qo BARAHLZ frostx] gkon 447} Uz
T 95% 9 ot YAt
AAAN A= 178+ 1052 2T FAG L
U g 2 ARG VeI BAREe s
T3t F7hE o] A (p<0.001, p<0.05). 53]
gIs AVJ%‘ A= 20005 139 7F =79
5% Bt B& g-rM] A2t g A Cisplatin
Fo & 544 208+ 7.190 ¥l8te] 118+ 3008
FAgH0R 11'4 A ZA2EH A2} (p<0.0D), 5-FU
FoZole 198+ 10808 A7 #APoH A
gH02 fo3ta (A 55, A 6%).

3. &AL 7AAL NBT 9744
NBTE& &4 100+28%0|Ax FAZ

),

60
504
40
B
s 30
g
20
10/
Before Cisplatin 5-FU
Meantsp, 37.7+0.1 26.046.2 27.2482
p<0.01 p<0.05

Fig.- 4. Percent polymorphonuclear leukocytes adhere-
nce before and after chemotherapy.
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Control AML NHL Stomach Hepatoma &  Other organ

cancer pancreas tumor

cancer
Mean+S.0. 15.0+8.8 111143 10.7+7.8 17.8+£10.5 395+235 243+18.3
p<0.05 NS NS p<0.001 p<0.05
Fig. 5. Chemotactic differential in control and patients with cancer.
Small dotted area represents normal range+ S.D.
FARYYEATAN € 62+32% 2 A T4 il &

Aeu (p<00D), HExT e FAARG ¥ 47} 15

d4% 8d Ut dAUAFFATANE I F FAEZFEAE 4% TS B FojrAy
H Aoy BAY f4L AA Ate F2 gty dd 7T JFHAL
TYLF 19Y AZLERNAE A FkE GAHQ Wolrlsd FPAE 33T teele
RoH(p<0001), HRTRG W e 14 g% EEL £F A4Y dA] dA Rk 24
o718 2E Gl 27 BAGHLE foF FEd g ol 472 =E8A 35775
Zol7k YA A 7%). ool BuHx glow 1 Au: A uel
AEEAANAM Cisplatin FAFNE 65+42%2  BTE Aojg RHo ]31 grpese o]z 1 o
59A 110+51%9) w3t EAGHo 2 foaA  foldA ¢T 7ol wel FUF W] gl

22991 (p<005), 5-FU FejFoli 70+33%2  TUE Roplg EFsdo} 34 g1 zﬂfﬂ/ﬂo] 9l
o7t aF o BATE f94L AATA 8 N AHF W E 3F 7 A 75 E YRR
£). Zshn gl7] Wgolth. 2 HFE @EE
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(1=10um)

%)
20]
50 [
4]
z "
€ 3
5304 pol
B 2 10d
2 =
B 2
g 2
g =
2wl 2
7 &4
' Before Cisplatin 5FU
Before Clisplatin 5-FU Meanz: S.0. 11.0£5.1 65+4.2 7.0+33
Meanz$.D. 208+7.4 11.8+£30 18.3+ 108 $<0.05 <04
<0.01 NS . . . .
i ) ° Fig. 8. Nitrobluetetrazolium reduction before and after
Fig. 6. Chemotactic differential before and after chemo- chemotherapy.
therapy.
%)
4
) [ J
i °
30 |
< [ ] [ ]
S * 4
: o ¢
: . .
: 20 1 [ ]
g -+ e ro
10
 § A
0
Controt AML NHL Stornach caner Hepatoma & Other organ
pancreas cancer twumor
Mean+S.D. 100+2.8 6.2+3.2 11.1£3.4 11.8+7.2 2024100 126+7.8
p<0.01 NS NS p<0.001 NS

Fig. 7. Nitroblue tetrazolium reduction in control and patients with cancer. Small dotted area represents normal

range+ S.D.
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AFY, 943 Froigayd 349, g8 Adult
Resplratory Distress Syndrome(ARDS)% o2 A3
A HeATEE 9% A=Y HAYHE Hrtee
ZJEEH .'91*5“?7]-“7“]“7} AFHL oy o
ATAE Y 2 AF AR Bzl g} 27
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ojFole TFTY HFgFAHE g4 Ev
AAEZ FoAY Aoz Hzhr
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daunorubicin, doxorubindl &M= ZHAgo] Hu
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8 FAEH FAE 2AE Yerd o 5FUAE
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‘3}3’— Busgou & dFelxe &xdA AH A

Hato] G AHE-3haL »l" AR Y FFrIME
ol ZAEE ¢ F A

EF] 2 8 AA}ol = zymosan«? g candida E
ETATEY B2 B Al EAMS EE respira-
tory burste] o3 43229 24, NBT Fd7A
Fo] lopewme golgA & e FAAE
NBTY Ad&g ZHAE @35ty NBT#H L di=
7o 3 FAEFA FEYEARGAE FAHL
B 4 daFdAe 7t FHEALY BAES

=
©w

- 260 —



e UL Fliedners®e GAUFZGA e
7Pt fidide Rugde 47t bda.
NBTQ-LL LHLHANA g 2TH ¥ REY o
U 3% - AR AT A5 E 1o of G4
298 ‘31‘ of g3olth.
Cisplatin® 5-FU 24 5-3}8 2 99| A Cisplatin
5% NBT#{o] Z4Ee ¢ & YL 5FU F

dFz AU FA%H FIHL Ak
ooz FRAY 3F7TY JI5HANE AFEA
HFLEANA 5577159 ddhe T FF
U FeAe R0 v 9FS BoEE oY
71‘—5*€§}° 9AE 5T s FHsorE A

Z =

ZFUEA F 10004 35T £&F
73*}, NBT 34 ZAIE A g3qo
o o1y
2

Cisplatin® 5FU 38T F&5& fFo3tA
a9t

2) AgFAHLE 2T HE FATFHNE
HEAd A EAGHo2 fosA AirHYoM,
- ARG EAGNE BAGH R FoAEA 7}
HAUL E}E 1EFBAN A 2T H H23AT.
M EE Cisplatin FHFoe SAgH0g
Skl 735‘- 7b AR ey 5FURAFele FAHA
S8 fofd Aol7h YA

3) NBT #4724t gzad v 4F
YHARAAE FAGH 2 FYA T4
u, 43, 9493 e Igd A 548
F% zel7t AL, - FZUANE F
S7HE Ak

NBT#4 94| CisplatinF 9§ SATHOE #9)
3l %‘_’ifﬂ]‘}i"“ﬂ 5FURE S ZHAEHAoY
FAEE FAe A%

o]} éﬂri F4E5FA

4

_)|:.
g
Ho
’]:.

= M o 4%

8t

REYLL TFTAA

9 2¥o] e 245 AYstic nFYNA &
F79 75 ARolden ofF - A7 A
o) 9] 38343 NBT#HAY $7189S #3jord
Ao},

Cisplatin®} 5-FU 3}ta®le] 93] &5F7%9]
FEES ¢ 5 AdeH 1FLHA G A getane]
g% 3519 75 dart 29 TFEE SV
& 8909 240z AZHY,

yly r°"

Ny

8
References

1) McCormack RT, Nelson RD and Bloomfield CD :
Neutrophil function in lymphoreticular malignancy.
Cancer 1979 : 44 920-926

2) Rodriquez V : Principles of supportive care in cancer
treatment 5 Infectious complications and their treat-
ment in principles of cancer treatment, New York McG-
raw-Hill Co, 1982

3) Pizzo PA and Young RC : Infections in the cancer pa-
tent, in cancer, principles and practice of oncology, Vol
I 2nd. ed. Philadelpia, JB. Lippincott Co, 1985

4) Goldman JM and Th'ng KH : Phagocytic function of
leukocytes from patients with acute myeloid and chronic
granulocytic leukemia. Br | Haematol 1973 © 25 . 299-
308 -

5) Humbert JR, Mark and Hathaway WE : Neutrophil
bactericidal activity in leukemia. Cancer 1976 37 .
2197-2200

6) Fliedner VV, Salvatori V, Higby DJ, Stutzman L and
Park BH : Polymorphoneuclear neutrophil function in
malignant lymphoma and effect of splenectomy. Cancer
1980 45 : 469

7) Cameron DJ and Stromberg BV : The ability of mac-
rophages from head and neck cancer patients to kill
tumor cells. Cancer 1984 © 54 . 2403-2408

8) MacFadden DK, Saito S and Pruzanski W : The effect
of chemotherapeutic agents on chemotaxis and random
migration of human lewkocytes. | Clin Oncol 1985 © 3 .
415419

9) Nelson RD, Quie PG and Simmons RL : Chemotaxis
under agarose s A new and simple method for measu-
ring chemotaxis and spomtaneous migration of human

- 261 —



polymorphonuclear leukocytes and monocytes. | Immu-
nol 1975 : 115 © 1650-1656
10) Cline MJ : Methods in hematology, Leukocytes function,
Churchill Livingstone, New York, 1981
11) MiChaelsson G - Increased chemotactic activity of neu-
trophil leukocyies in psoriasis. Br | Dermatol 1980 : 103
. 351-356
12) Park, BH : Chemotaxis of human neutrophil against
gravity. Experientia 1980 . 36 : 473-474
13) Hancock BW, Bruce L, Sugden P, Ward AM and
Richmond J @ Immune status in untreated patients
with lymphoreticular malignancy-a multifactorial study.
Clin Oncol 1977 - 3 57-63
14) Senn HJ and Jungi WF . Neutrophil migration in hea-
Ith and disease. Semin Hematol 1975 © 12 2745
15) Steigbigel RT, Lambert LH and Remington JS © Poly-
morphonuclear leukocyte, monocyte, and macrophage
bactericidal function in patients with Hodghin’s disease.
J Lab Clin Med 1976 : 88 © 54-62
16) Czarnetzki BM, Kownatzki E, Dierich M and Frei
PC : Chemotaxis © Basic aspects of methodology, me-
chawisms and pathology. Arch Dermatol Res 1983 * 275
+ 359-364
17) Ehrlich A amd Mattison TD : A serum inhibitor of
neutrophil chemotaxis associated with hyperglobuline-
mia E in a patient with lymphoma and recurrent skin
infection. Br | Dermatol 1984 © 110 : 709-715
18) A%F 7423 fd4 AFEE4Y FEF4F
go #g AT, TN A 19831 7 3541
19) Fowler AA, Fisher BJ, Centor RM, Carchman RA
: Development of the adult respiratory distress synd-
vome + Rogressive alteration of neurtrophil chemotactic
and secratory process. Am | Pathol 1984 © 116 : 427-
435
20) Johnson CM, Rhodes and Katzmann JA © Neutrophil
function test. Mayo Clin Proc 1984 : 59 © 431-434
21) Lareau DE, Herzberg MC and Nelson RD : Human
neutrophil migration under agarose to bacteria associa-
ted with the development of gingivitis. | Periodontol
1984 © 55 . 540-549
22) Morley JE, Levine AS, Beyer S, Mooradian AD, Kai-
ser FE and Brwon DM © The effects of aging and dia-

betes mellitus on human red and white cell calmodulin
levels (chamotaxis/phagocytosis/calcium) Diabetes. 19
84:33:.77-80

MacGregor RR, Spagnuolo PJ and Lentnek AL :
Inhibition of granulocyte adherence by ethanol, prednis-

g

23

son, and aspirin, measured with an assay system. N
Engl ] Med 1974 291 | 642-646

24) MacGregor RR, Macarak EJ and Kefalides NA : Co-
mparative adherence of granulocytes to endothelial mo-
nolayers and nylon fiber. | Clin Iny 1978 : 61 © 697-
702

25) Lentnek AL, Schreiber AD and MacGregor RR : In-
duction of augumented granulocyte adherence by infla-
mmation, mediation by a plasma factor. ] Clin Invest
1976 : 57 © 1098-1103

26) Boxer LA, Allen JM and Baehner RL : Diminished
polymorphonuclear leukocyte adherence. | Clin Invest
1980 - 66 * 268-274

27) Douglas SD and Quie PG . Investigation of phagocytes
in disease, Churchill Livingstone, Edinbergh, 1981

28) Zigmond SH : Ability of polymorphonuclear leukocytes
of oriented in gradients of chemotactic factors. J Cell
Biol 1977 - 77 . 606

29) Zigmond SH : Chemotaxis by polymorphonuclear leu-
kocytes. | Cell Biol 1978 - 77 : 269-287

30) Keller HU : Motility, cell shape and locomotions of
neutrophil granulocytes. Cell Motility 1983 © 3 © 47-60

31) Ramsay WS : Analysis of individual leukocyte behavior
during chemotaxis. Exp Cell Res 177270 129

32) Boyden S: The chemotactic effect of mixtures of anti-
body and antigen on polymorphonuclear lewkocytes. |
Exp Med 1961 : 115 453-466

33) Cutler JE : A simple in vitro method for studies on
chemotaxis. Proc Soc Exp Biol Med 1974 © 147 © 471

34) Gallin J and Quie PG . Leukocyte chemotaxis, methods,
Physiology and clinical implications, Raven press, New
York, 1978

35) Warabi H, Venkat K, Geetha V, Liotta LA, Brownstein
M and Schiffman E : Identification of low molecular
weight inhibitor of leukotaxis from fibrosarcoma cells.
Cancer Res 1984 . 44 © 915-922

36) Bandmann U, Norberg B and Rydgren L : Polymor-

— 262 —



Dhonuclear leukocyte chemotaxis in Boyden chambers, Cancer Res 1977 . 37 . 456-459
effect of low concentrations of vinblastine. Scand | Hae- 40) Faden H, Humbert J, Lee J, Sutyla P and Ogra

matol 1974 13 : 305-312 PL : The in vitro effects of mew castle disease virus
37) Edelson PJ, Fudenberg HF : Effect of vinblastine on on the metabolic and antibacterial functions of human

the chemotactic responsiveness of normal human neut- neutrophils. Blood 1981 . 58 . 221-227

rophals. Infect Immun 1973 © 8 © 127-129 41) Seidegard J, Depierre JW and Pero RW ! Measure-
38) Cream JJ and Pole DS : The effect of methotraxate and ment and characterization of membrane bound and so-

hydroxyurea on neutrophil chemotaxis. Br | Dermatol luble epoxide hydrolase activities in resting mononuclear

1980 . 102  557-563 leukocytes from human blood. Cancer Res 1984 © 44 .
39) Gilbert DN, Starr P and Dubanks N : Inhibition of 3654-3660

neutrophil chemotaxis by 4-hydroxycyclophosphamide.

- 263 —



