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INTRODUCTION 
nlC immune system is co mprised of humoral a nd 

cellular components desioned to protect the human 
bod y from th e in vasion of forei JI1 materia ls. A maj or 
function of this complex sys tem i to di ting \li ~h 

between self and nonsclf. The recognit io n of nonself 
under phy -io logic condition s \cads to 10<.:ali7<1 tion and 
ult imately destruction of invasi e materials. Local 
accum ulat io n or cclls such as pol ymorphonucl 'eH 

leukoeYles (PM N ), macro pha ges . a nd lymphocyte i 
an integra l part of host defense .' These cells can 
migrate in the dircCtion offact o rs prod uced at the site 
of inv<lsi{ n, ingest and de tJ'oYl hcan tigenic mate ria L. 
A grad ient or chemota ct ic activity i ~ c, sen tial fo r this 
mig ral i on.~ The fragment s of complement sy~tel1l 

(C5a. C3a. (567) . kini n '. fibrillogen , arachid on ie acid 
oxidant . plasminogen. casc i II and bacterin I prod ucts 
an: among the known chemotactic factors capa ble of 
interact ing wit h phagocytic cc ll s. J : 1 

Cell-liga nd intcraction ta kc " pla'c via recept ors 
present on the cell "urfacc. The ell tionic fluxes ot K +. 
Na+ and Ca++ fo llowi ng thc ccli-ligal1ll int craction is 
cons idered e~~e ntia l r r cdl locomo ti on t<.1 the site. I, /o 
Fu rther . tilll ulus is provided through generation of 
chem otactic ractor~ of th e p ro~tag l a lldin ' ys tcm. -, he 
.'cneration of oxygen metabolite a nd sccretion of 
I y~osoma I eJ1rymc - by cells facilita 1(;' t he de. truet ion of 
bi ologica ll y activc forei g.n ma((;rial .' . ' 

METHODS 
Reb uck and Crowley in 1955 introduced a new ill 

vivo technique for studying leukocyte locomot ion .9 In 
lh is me thod. theepi thchal layer of skin is craped a\vay 
to expose the pa pillary layer of t he corium. pro iding a 
si le of inilammiHion. A 'o lution of inflammatory 
age nt (e.g. typh oid toxoid) i a pplied to the denuded 
arca and covered with a sterile coverslip. The cells 
which minrated to the ' ile of in fla mmati on attaeh to 
th coverslip. In performing thi, , kin window lest , the 
coverslips a re removed at t h(;' desig na ted time inlcrva Is 
a nd re place by new one~. The stud of taincd slid . 
provide in/ormation rega rding the types of cell and 
pattern ); of migration. T his informa tion ha ~ proven to 
be useful in studying leukocytic function in heal th a nd 
di ·east:. 

Boyden in 1962'" introd uced an in \'ill'o method 
using a perspex chamber with two compartment ·, 
separat ed by a microporc fi lle r. The lower 
compartment is fill ed wi th chemoaltra ·rant. T he filter 
paper i ' pl<.lccd on the fl oor of the upper com pa rl mcnl 
in contact with the chemotactic facIOI'. The cell 
sUl'pem.ion is then addcd to the upper c mpartment 
"Ind incubated, At the end of incubation. the filt cr is 
taken Ollt lind stained. "I he numbe r or cells on the 
a!l.racta nt ide is cou nted and \l3cd to calcula tc the 
(:herl1ot axi~ index. 

Since the o rigi nal desc ripti on. th is meth od has 
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endured change. and modi ications. A number of new 
method have al 0 become available. which will be 
discussed. but the Boyden's chamber technique is still 
the most commonly used method in the tudy of 
leukocyte locomotion. 

Gallin et al in 1973 11 used SI-cbromiurn labelled 
granuloe te in a double filter Boyden chamber system 
for the a es ment of leuk ocyte locomotion. The 
radioacti vi ty of lower membrane containin o ecll~ 

migrated through upper filter membrane was u. ed to 
quantitate cell migra tion. This method was used in a 
number of patiellt with humoral and cellular de ect 
and proved to be both reliable and reproducible. 

utler in 19741- and Nelson et al in 1975" reported 
another method of studying k:ukocyte function 
utili 7i n agarose in a petri dish instead ofConYenlional 
chamber. T he advanta 'C of this method is that one can 
sllldy the random migration. chemotaxis. and other 
related functions , as well a~ multiple sample materials, 
im ulta neollsly. 

Cel l su ' pension i placed between chemoattractant. 
control medium. and other agent · when indicated, in 
well ' cut at predetermined dista nce. in agarosc and 
in ubated. Quantitation of c II migra tion is done by 
me'} uring the li near distance the cells have migrated 
from the cell well toward the tested solution . One 
major difficu lt y encountered is diffusion pattern of 
solution lI sed ill agarose medii]' With low molecular 
weigh t chemotactic factors, Lhe diffusion can be 0 

ra pid tha t it can interfere wi th the migration ofcells. 14 

Zigm ond" development of a visual as. ay of 
leukocyte locomotion provided a method for 
"watching" cells react in real life manner under 
·tandard condition .I ~ Thi, mcthod uses a very small 
amount of blood . The . pe imen i~ placed in a well cut 
in a plexigla " microscope ·Iidc . The Le. t solution is 
pipelt d in another well . eparaLed from cell containing 
well by a one millimeter bridge. When the well:, arc 
covercd wth a coverslip, the fluid in thc wells will be 
drawn b capillar action 0 er the bridge. The 
locomot ion of cell can be directly isuali7ed using a 
microscope. and recorded by time-la psed videotape 
photogra phy . 

CHEMOTACTIC FACTORS 

The kll wn chemotactic factor~ present in the 
hu man 'ystcm were brieny discussed in the 
int rod ucti n. Here, an effort will be made 10 di . cuss 
the usc of chemotactic factors ill vi/ro for the :>Iudy of 
leuk o ytc locomoti on . 

It is n )w well es tablished that cerlain peptide:> and 
lipid ' can attract leuk ocytes under controlled 
cond ition~ in vi/ro. Wilkinson suggc)\tt:d Ihat lhe 
hyd ro phobi it)' of these factor:- is til major 
determinant o( their chemotactic activityY' Bacterial 
chemotactic factors arc widely II . cd chemotactic 

lipid . I Eschcrichia coli is a popular bacterium u~ed 
for this purpo. e . Thirty-six to fOrly-eight hours 
culture of E-<:oli is u ually adequate for sufficient 
growth. Filtrate of the medium contain~ potent 
chemotactic substM1CC which i!> diluted to de ired 
concentration ror use. A cl~ls$ of lipid 
chemoattractant. to mention here is hydroxy­
eicosatctraenoic acid (H ETE).'~ H ETE is gelll'ratcd 
from arachidol1ic acid oxidation by the action of 
lipoxygcnase. Lyrnphokinc. ;He another class of 
chemoattractants for PMN~. monocytes. cosinophils, 
hasophils. and lymphocytes. The best defined factor IS 

known a Lympho ytC Deri cd Chemotactic Factor 
(LDCF). Thi small molecular weight protein i ' 
produced by both T and B lymphocytes. and i. not 
d ri c;d from the complement s. ~tCIll . Abnormalitie:. 
in the synthesis of Iymphokinelo- have becn foun I in 
WiskclI-Aldrich syndrome, chronic mlicoclltal1eOll~ 
candidiasis, and Hodgkin's disease. 19 Zymosan 
acti ated serum, by means of acti,-alion of 
complement system and production of rangment 
C5a. is another source to be u cd as chemotactic 
factor. 

Th(.' introduction of synthetic p Iypeptide!> by 
Schiffman and t:(l-worker~ in 1975._ provided a new 
categor. of chemotactic factor ' with broad 
applications.2<J The demonstration of specific 
receptors for peptide chemotactic factor!. j:- an 
example of this contribution. While studying the 
characteristics of chemotactic factors produced by 
bacLeria, these inve tigalOr isolated a low molecular 
weight, heat-stable peptide . 1111.: chemical similaritie. 
bctween malerial discovered and formylmethionyl 
pept ides prompted the u~c of the latter for chcmotilci ic 
experiment. and proved to be a potent allraCHlnl. 
N-formylmethionyllellcylphenylalanine i the mo t 
widely used member of thi. family. and is a highly 
errcctive chemoattractant at cOllccntrati n~ of a 10\\. 

as I x 10-1 1M. The:-e peptide are also capable of 
i nd uei Ill! Iysosoma I release_ 

AUTHOR'S METHOD 

The method utili/cd by the author i~ JC~CTihcd in 
detail here . The following mau:riab an: needed: 

I) J curo Probe Olind Well Boydcll cham b r. 
11441200 (:\udcpore). 

2) Micropore liltc ',IIIS0411, 1.1 min di·lI11l'ler .. ~ III 
pore sin' (NLIcleporc). 

J) I-I(lnk'~ Balanced Salt Solution (HI3SS) I.x 
(prepared h, mixing 101111 HJ3SS lOx. #3 10-
4060 (GIBCO) .. I 1111 HFP[S Bufkr,1i3XO-5630 
(GIBeO). and 87 ml .qcrik distilkd water). 
pH 7.2. 

4) N-torm. Imcthion. Ih:ucylphcnyl,lianille 
(FMLP). #F-6004 (Sigma ). 10- M-IO-" M 
(prepared by di ':,olving FM LP in Dimethyl-
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~ull()x idc 10 10- ' M ilnd further dilut io n with 
"BSS Ix 10 dc~ i rcd concciltra t ion), pH 7.2. 

Venous blood is co lleCted in 'yringe co ntaining. I !TIl 
of 1001) un il / ml hepa l'ln lor cach 10 ml wh ole blood . 
Thl' specimen is grav il Y or dex tran edi menled. The 
k'U~ (H; ~) l e rich pIa . rna is the n ce nt rifuged a t ROO rpm 
for 10 min ute~. Plasma is separated and -aved for 
experi ment. The cell pel lct i. wa shed 2-3 time -. adding 
5 Ill! HBSS I. , rL' su~pt: nding the cc ll~ and celllritugcd 
(or 5 mi nutes. \'-'ashed ce lls a rc uspendcd in sma ll 
<l J1l0UJll oJ J-l B .' Ix a nu a cell co unt and d iffe rent ia l i ~ 
performed. Fina l conccntnuio ll of cell . u. ually I x 

10/', is made by further additio n of H RSS Ix. rlas ma or 
serum . or olher desi red Icst so lutio ns. 

The lowcr we ll of the chcmolaclic chamher is fill ed 
wi lh pre-detcrm ined a mo unt of cilem olacti c fac to r, or 
desired so luti on. T he volume hould be ca libra ted and 
~ tandardi i'ed for each batch o f chamblTs with 
micropipdlC to dcliver preci se volume of nuid s. TIlis 
will elimina te nuetua li ons in del ive red volumes that 
gi ve erroneous res ult. by leakage o f fluid to the upper 
compal'lll1cnt or insufficient contae l of membra nc a nd 
soluli o n. The filler paper is placed o n the fl oor of the 

Day 

2 

3 

pper compa rrmcnt * 

A . E. ce lls! H BSS 
A.E. cells! HllSS 
A .E. ce ll.. / HBSS 
A - cell. / HBSS 
AE celL i HBS . 
A [ cells! HDSS 

upper co mpa rtmenl. T here should not be an ~ nil' 
bubb le~ tra pped und er the membra ne. Then, Ihe sc rew 
ca p is replacl'd and lightened ~Iightly . Fina ll Y,lhe cell 
~ u spc n s i o n . us ua l! . in the a mount or O.2 mLi~ pipcllcd 
10 lh upper well a nd incuba l d in humid air with 79( 
C02 for 45 minules. All experimenls a re done in 
tr iplicate . At the cnd of Ihe incub-nio n. I he 111l'1ll branes 
a n; remo\ ed and placed on coverslip ', allracta nl . id e 
lip . After a ll owing. the fi lters 10 dry fo r 60 minute" 
sta ining is carried out u ing Wright's sta in . The . ta ined 
lilters are then remowd and placed on microscope 
.~Iide s with ce lls facing up a nd ai r dried. Dried filte rs 
a re covered with a drop of Perl1'1 ounl and cove rs lip 
and evalua ted . Th e average of cell counted on ten 
ra nd om fie ld s using oil magnifica tio n (usua ll y S x 40 
is used a ~ chem ota xi); index). 

Foll owing is a n exa mple of Ih e comparison of 
chern olactic index and random migra tio n u ~ing 

FM LP (IO-KM ) and H BSS Ix in a norma l indi vidua l. 
Experiments were done on three d iffere nt occasions, 
a nd the numbers represe nt average of tripl icate 
specimen .. 

Lower com pa rrment 

FM L P 
H I3SS 
FMLP 
HBS S 
FMLP 
HBSS 

Mea n 

79_25 
14.95 
66.50 
13.45 
8 1.50 
14.75 

.. 0. 2 ml of cell slIsrension. final concent ra ti on of I x 10" ce ll -r ml. 

Table I 

CLINICAL APPLICATIONS 
The meth ods di scussed in this paper. both in l'iVQ 

and in Vill'O, ha e ena bled the in estiga tors 10 sludy a 
wid e va riety of disorders suo pected of having 
leukocyte chemolac l ic defect. In Ihis process, new 
di ord ers have been discovered . It is now a pparent 
from extensive llIdies tha I defects in chemotaxis can 
be due to one or a combination of severtl l 
cond it ions. 21,2.2 , 23: 

(I) Abnonnalilie. of immune; recogniti on (r..:.g. 
d efec t ive a c ti va ti o n o f co mpl e me nt y te m , 
immunoglobulin defi cien ies); (2) defects in the 
production of chemotactic faclal'S (e.g. a bnormalities 
of complements, defective kinin generat ion); (3) 
inacti va tion of chem ()lactic raCto rs (e.g. Hodgkin's 
di sease. cirrhos is, sa rco id osis. leproma tous Ie- prosey. 
sys temic 11.1 pus cryl hema tosus, a nergy) ; (4) i nh ibiti on 
of phagocytic cell s by ant agonists (e.g. recunenl 
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infections, hyperimmun oglobulin E and A .. , drug 
Ihe-rapy. Wiskoll-Aldrich syndrome, rhcumatoid 
arlhinis): and (5 ) inlrinsic ce llular defect s (e.g. defects 
related to : Cell deformabilit y in neona tes and 
Chediak-Higa:.hi !o.yndromc: adherence in diabcle~ 

mellitus; random migrati on tn la'lY leuk ocyte 
~yndromc; chemotaxis in hyper IgE a nd A. 
h y pogaml11aglobulill e mi a. b o n e m a rr ow 
Iransplanta tion, idiopa thic juvenile peri odo ntiti s. 
Down's syndromc S LE) . 

Defecliw chemotax is resull S in rec urrent infections. 
as ·cr..:n in di o rder ment ioned. his associa tion is 
under intense in ves tigation with til hore of finding 
Irea lmCnt oplions. In thi s contcxl. any sludy of 
leukocyte chcrn olax i. must COWl' both c ll ular a nd 
hum ora I a "peets a nd t hi s must be cl one with 
cons id e.ratio n~ givellt o the wh ole pa ti ent a nd the hos t 
defense mechani sms. 



REFERENCES 

I , Snydcnmil1. lL Pike . M .e. ; Di;'0I"dn, o r Leukocyte 
Chcll1otax i,. Ped ('/ill. Nor /h A /JIer., 1977. 24(2 ); 377-
:l93. 

2. Zign1 oncl . S. H. : Mecha nism of sensing 'hc'mica l 
Gradie nt S" by Polymorphonuc lear Le ukocytes. llialllrr> . 
1974. 249: 450-452. 

.~ . Bach ner, R.L.: Neutrophil Dy~ l un l" t io n A ~ . ocialed 

wi th Stat~' or hronic a nd Rt:curn:n t. Inf ect ions . Ped . 
Oill. NUI'I" Am .. 19110. 27: 177-401. 

4 O 'Flahert y. J. T. . Ward. P. A .: Che motactic I-act ors 
and the :'\Ieu tro phiL Scmill Hell/o" ,I .. 1979 . 16(2): 16 ~ -

174. 
5, Mara 'co . W.A .. Becke r. E.L.. Oli vcr. .I.M. : The Ionic 

Bflsi ~ 01 he-mota ' is. A 111 . J. POllw l .. 19)::0. 9X(J ): 749-
764 . 

6. Ward, P. A.: Pe r ' ona l Commu nica t ion, 19, I. 
7, Ga lI in , J .1. . Wright. D. G,. MaJcch. I·j L. . D;wj " .1. M .. 

Klemp1\('r. I'vI .S .. K irkplH ric k. .1--1. : Di,o rdcrs of 
Phagocy tc Clll'm (\t a xi~ . AIIII . III . Aled., 1980.92: 520-
538. 

H. l3eeker. C.L: Chemota xis. I A llergy ("Jin /1//11/11/101 .. 
1980. 66(2): 97-105 . 

9. Rebuc k .. J.W .. Crowley. J .H .. A Meth od of Stuciying 
l.e ukocy te FUIl C t io n ~ ill 1'/1'0. A lln . N. Y. Acad. Sci .. 
1955,59: 757-805. 

10. Boyden. S .: T he Chemot actic Effect of 'fixtures of 
A nt ibod, and Ant igell on Polymorpholl ucl\:ar 
Leukocyles. J. Exp. Mec/., 1962. 11 5: 45J-466. 

J I. Ga llin. J.1.. Clark. H.. A .. Kimball. H.R.: Gra nulocyte 
ChemotClxis: An Improved In Vi/ro A ' ay Employing 
51 Cr-Iabcllcd Gnt nulocyt(;s . .J. 1111111111101., 1973 . I 10: 
233-240. 

12. 'utler , .I. E.: .A Simple In Vitro Meth od ror S!lJdie~ on 
Chemota xis. Pmc. Soc. E,p . Bio I. Med. . 1974. 147: 
47 1-474. 

13. Nelson. R. D .. Qu ie. P.G .. Simmon~. R.L.: Chemo­
taxis nder Aga l'osc: A New ilnd Simple M eth od f r 
tvh: a ~Ll ri n " Chcl11 0laxi$ and Spn ntallc )US Mi 'rat ion 

of" Human Pol. morp/1ollueicar Leukocyte, and 
Monocytes . .I. /})1I17I1J1 o l .. . l,ll ?5 . 1115: 16 ' 0 · 11(, )(, . 

14. I cI on, IC D.: J)i scu~s i on . in: Ciallin . .1 .1.. Quie. 1'. ' . 
( cd~ ) . Lel.lkocy l e ('iIelll (l{(]x i.\: MeliJ()c/.I . Ph.i·., jolog,l · 
(lnd Clin ical /lIIpl iCil/iol1s. j\· ·w ork : Rl\\'en Pre~~, 

197X; pp. <to-42 . 
15 . Zig1l1 ond , S, H,: A. 1\cw Vi slia l As~ay of Leu kocyte 

Che ill o tax: i ~. in: G<l lIin , J .I .. Quie. P.G. ( cd~).l.RlIk()­

{.I·/ t:' ('1I<'lI1%.l" i,l: Method.,·. f'hysio/ng,l" find Clinical 
/I11IJ/iC{Jl ioIlS. l\ew Y rk : Raven Prc~ .1978, pp. 57-64. 

11>. Wilk llh(lil. P.e.: r{ cco " fl i l ion and r~. c ' p onsc in 
Monon uclear and Gril nu lar Pha l!ocy to$i ' . Clift. Exp. 
11I/1!1I1/w l .. 1976. 2.5 : .15 5. 

17. Ward . P.A .. LipolV. I.H .. I cwman . 1. . .1 .: Haclcri,1/ 
F. tnrs C hL'mOlacti c f'or PnlymOI"[lhonuclear Le u .. 
kO L' Y(CS . A m .. 1. Po/hul" /96i'i . 52: 1-5-7.'6. 

Ifl. Turner. S. R .. L. yn. \V. S.: L ipid Mo lecules 0:' ChC!Tl()­
latlle I ac tors. in: u a ll in .. 1. 1. . QlI i c~ . P. G . tCcls ). 
LeukocYle ChclJ1u lUxl ': !\4elhot/.I'. PI-II ·.\'io/OK.I' fl l/d 
O i/li(lll Im/}Ii("(Jliolls. Nt\\ Yo rk : Rave n Pres~ . 1178: 
pp. 2R9-296. 

19. A ltman. L.c. : ChL'mo t.acti c Ly rnph(l!:i lle, : A review. 
in: Ga ll in. .1, 1.. Ql1 iL·. P. G . (cds ). 1_.f! lfk o(") ·I f? 

("}IL·ll lV l fI . is: M e/hoc/s , Phr 'io/vgy lind Clinical 
lilll)/icariut1 . New York: Raven Pres. 197~. pp .. 26 7-
2g5. 

20. SL"lliITmann. F .. Corco ra n. 1l. I\ .. Wahl. S.M.: N­
lonnylmethiony lpeptides a ~ Chcm()1J !lra(,:l.an t ~ for 
I.cuk (\cy tc" h i ,,'. Nat!. A.-ad. Sci. USA . 1975. 72: 
1059-1062. 

2 1. Cia ll in. J . I. , Wright .. D. G .. Ma lech, 1-1.1 .. Davis. J .M •. 
K lL'm pnt'r. M .S.. Ki r k palrick. C. H.: lJiwrd c r ~ of 
Phngocyt(' C11t:mo ta.~ i,. ;1 /1n In Med .. 1980. 92: 520-
5:l SI 
538 . 

22 . Snyderman, R .. Pike. M .e : Disorders of Leukocy t.e 
Chemota xis. Pet!. Clill. :V()rlli A lii .. 1977. 24(_}: 377 -
J93 . 

23. O 'FlfJherty , .J.T. Ward, P.I\.: Cht:ll1 ol.aclic F,ltLO rsand 
rh(' Neut rop hil. Sef)/. H l?lIlfllul .. 1979 . IN :!.): 163- li74, 

THE INTERNATIONAL RED CROSS HAS CALLED ON THE 
INTERNATIONAL COMMUNITY FOR HELP. PLEASE SEND A 
TAX-DEDUCTIBLE CONTRIBUTION TODAY. MAKE CHECKS 
PAYABLE TO: 

AAUG-SAVE LEBANON 

Send To 

ASSOCIATION OF ARAB-AMERICAN UNIVERSITY GRADUATES 
556 TRAPE.LO ROAD 
BELMONT, MA. 02178 

FOR INFORMATION, CALL AAU(;: 1-617-484-5483 

771e l OIiTl/ol of IMA - Vol. 14 - July 1982 - Page 99 




