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A8STRACT

Monltorhg ttw healthof space StatI&) or IU’W base residents will be

neces!3ary to pfovlde knowledge of the physiologicalstatus of astronauts.

Flow Cytoffidrk tecimiques We mlquely capable of pr~ldl~ cellular,

chromosome, hormone level andenzymelevel Information,Theuse of dyes

prov{desthe basis for fhmw!mntly Iabellngspecific cellularcomponents.

Laser inducedfluorescencefromstainedcells Is quartitated Ina flow

cytometerto measurecellularcomponentssuchas DNA,RNAandprotein.

Onemajorapplicationof a flowcytometerwIIIbe to performa complete

bloodcountIncludinghematocrlt,hemoglobincontent,andnumbersof

platelets, erythrocytes,granulocytes,lymphocytesandmonocytes A

newlydevelopedflow cytometrybasedfluorolmmunoassaywIII beable to

measurelevelsof serumerzymesandhormones It wi11also bepossible

to quantitate radla!lonexposureandsomeforms of chromosomedamage

wlthflow cytometricmeasurements,Wlthrelatlvelyslrnple

modiflcathns to exlstlng technology,It will be possibleto constructa

flight rated cytometer.



Introduction

The health maint~?e fadllty of the apace statla, moon Me w v

extended voyage to Pliws or beyond must be ale of routhe Mnatologlcal,

Imm!mological and blood chemistry measwemen G Even with m e- In

these areas availableonthese mlsskms,routinemeasurementsti assays

wouldrequireseveral conventional cllnlcal lnstrunents. Flow cytometry, a

technology under development for the past 20 years (Stehkanp, I 984;

BrayIan,1983;P?elamed,1979),k IMquelysuited to performthe typesof

measurementsrequiredina healthmaintenancefaclllty. Inaddltkn, the

capabilitiesof the flowsystemdescribedbe!o~wIIIbe a valuablesourceof

informationInspaceadaptatIonresearch, Durly the developmentof flow

cytometry,LosAlamoshas beenat the for’:front andk a recognizedleader in

instrumentationadvancesas well as the biologicalapplicationsof the

technology

TheablIlty of a flowcytometerto makerapidmeasurementsoncells and

subcellularcomponentsrequiresthe local12atlonof the partIcles to 2 smal!

probevolume(10-12Ilter) andrapidtransport of the particles throughthat

probevolume,Byemploytngthe prlnclpalof hymodymanlcfocusing

(Crossland-Taylor,1953)depictedinFigure1,the cells Inthe flowlr~gsample



SW = cmftned to a centnl cwe onthe orderof IOmicrwneters In

dlaneter &stk cells pass Uuw@ a focuwd laser ban Thelaser light

Interacts with the cell Ina nu’nkr of ways. Measwementof the Ilght

scattered bya cell gives Informationtiout cell size Inthe forwarddirection

WI ZdlOutcell ~ aid surface mor@w~qy when measured at 90 degree$to

the laser bem pmp~atkm dlrectlon. !nsome~stems, lt Is also possible to

detennhe Celi size by electrical resistance measurements via the Coulter

prlnclpal,

The laser beam wIII also excite fluorescent O/es used to label speclflc

cel]ul~ constituents, Photo detectors measure the amount of fluorescence

emitted by the dye molecules as a cell passes through the laser beam, provld~ng

a quantitativemeasurement of the stained cellular component Table I lists

many of the celluiar constituents ‘ivhlch have been quantltated by fluorescence

Intensity measurements,

other types of measurements which have been mad? w !th flow

cytm’neters are listed In Table 2. Fluorescence polarization meas~rements

PIRWldeInfomatlonabut the rldlgltyof the localenvironmentof the

fluorescingmolecule. This technique has Men used to quartlfy membrane

flutdlty. The time parameter correlates any flow rneasul’ement with time td



wI* a !Mtay of a ctmglng-W swh 8$a f~. TlWUk#4BU

meawmnents cm be used to Wxty the lrn M tie of flweI@c ~*

to give a measwe of enzymeactivity w m W US@ for dye bkdtng studfes.

Flowcytornet~ haveprovento be a Irnportmt tool Ina rurrMr of

fields of bkwnedlclne.Bloodcell vohn’nedlstrlbutkms, me of the fkst

measurementsmadewith a flow system, ~ nowrcwtlnelymadeInmo3t

hospitals Theflint fluorescencemeasurements~atltated the aunmmtof tM4A

per celI bymeasuringthe amountof fluofescenceemttted bya ctye

stoichlometrlcallyboundto the cellular DNAas the ceil passedthmu@the

laser beam(Van I)llia, !9:,3). Figure 2 Isa typical DNAhistogramfor an

exponentiallygrowingcell population,Thedlstrlbution, whichcontainsdata

fromapproximately75,000cells, was obtainedin I?SS than[IWOminutes,In

speciallydesignedflowsystems, cells andchromosomescannowbe analyzed

at rates upto 20,000per second.

MeasurementsRelaventto SpaceMedicine

Thereare severalclasses of flow cytorneterlc measurementswhich

provideinformationImportantInhealthmaintenance.Theyincluderoutine

hcmatologlcalass3ys,Immunologicalassays includingImmunecellular



fwtlon as well as deteimlnatkmof serun enzymeandhormonelevels,

~tlatlm of radlatlonexposweandqumtltlatkm of chromosomedamaje

Hematologlcal tleaswements

One majof application of a flowcytometer1sthe completebloodcount

usingcmlymicroilters of blood.Sucha bloodcountwouldIncludethe

IWmatKrlt,hem~loblncontent,as weli as the numbersof platelets,

erythfccytes,~anulocytes, lymphocytesandmono~tes.

RedBloodCells:Thenumberof red blood cells per cubic m~llimeter, their

volume and hematocri: d!strlbu!loncanbedeterminedin a flow system The

numberdensityis measuredby%ding a small volume of plastlc m!crospheres

at a know denSlty to the sample Thesize of the mlcrcspheres1Sselected such

theydonot Interfere with the blood cell volume measurements, By count[ng

both the numberof mlcrospheres and the number of cells, the volume of the

sa’npleanalyzeois determinedfrom which the density of cells can be

calculated. With aelectronlc ctllvolum@ measurement st3tlonln the flow

Cytorneter, the voiwne dlstrlbutlon of tht red bloodcells canbe measured,

Fromthis Informationthe hematocrltof the erythrocytescanbe determined,

S!IKehemoglobinabsorbsstronglyat 420 nm,It wIIIalsobepossibleto



measue the Iwmoglobtn content on a w cell *M.

WhiteBloodCells: Ina $ImllwI’I’WUW,tM ~ of whtt8bbd c@9

per cmlc millimeter cm be determined.Asslum in F@re 3, forwd ml 90

*ees light scattedng measucfnents cm M wed to shdvkk the white

bloodcells Intogwnubcytes, lymphocytes,?mdmorwytes. Usingfiua?scent!y

labeledmonoclinal antlbodtes (I+offmm, 1980) speclfIc for these $tbsets of

leukocytes,It will also be possibleto applyandrefine c~ntly Wallable

methodologiesto resolve the granulocytesubsets:neutrophl1s,eosinof#dls,W

basophllsand the lymphocyte subsets. B cells, T helper cells, and total T cells

(as shownInFigure4), Themethodscanbemadesimpleandpackagedin the

formof a preparedkit to whicha dropof bloodfromthe fingerwouldbe added

and then analyzed. After measurement, the data wouldbe either analyzedon

board or transmitted to earth Multiparameter analysis of the acquired data

will resolveeach cell populationfoundin the peripheralbloodfromthe others.

Functional Actlvlty of Leukocytes

The leukocytemeasurementscited aboveprovidelnfomatlon aboutthe

immunologicalstatus of an Indlvldual, Inaddltlonto the just enumeratingthe

dlfff?rentcelI types, functlonalassays cm also beperformed Forexample,the



ptmgocytlcactivityof rnorwytes md ymulocytes cm bemeasuredby

lnc@tl~ the cells with small ( I-2 mkrorneter)fluorescentmlcrospheresfor

a $lWt tlrfte W then malyzl~ the StwnpleIna flow~stem to determinethe

anoult of I’MCrOS@We fWorescertce whichis associatedwlth eachcel1

(StelnkZmp, 1982). It. IS also possible to determinethenumberof part!cles up

to approximately 20 l~sted byeachcell, Therearc a rwmtw of techniques

for deterfnlningcell vlabillty with fluorescent dyes, Thuscytotoxlcltyassays

canbe wrformedwith a flow system (Horan,1977).

Inaddltlonto phagocytoslsandcell vlabillty,It 1salsopossibleto

assess the mlcrobcidalactlvlty of granulocytes andmonocytes, The major

biochemicalpathw~ for bacterial killIngbythese leukocytes1sthe hexose

monophosphateshunt which generates Superoxlde anion and hydrogen percxlde

Theactivity of the shuntcanbe quicklyassessedona cell-by-cell basis by

measurl~the Ntofluorescenceabove40nmafter excltatlonat 350nm Thus,

Mtll phagOCytoSk, the major Ingestivepathwayandmlcrobcldalactivity canbe

quicklymeasuredusinga flow cytometer

SerumHomnoneandEnzymeLevels

Thelevelsof a variety of hotmonesandenzymesinbloodserum are

ll)d!CatOrS of a number of aspects of an lndlvhjual’s state of health For



example,elevatedlevelsof creathe khwe = h’u!tcatlveof a rmnt -

attack.

A methodof meawlng, with a flow cytometer,t~ cmcentratlonof

serumproteinsml enzymes of Importimce has been develofwl (Smders, I 985).

The basis for this new assay IS slmllar to a competitive blrdhg

radloimrnunoassay except that smalI fluoresceotmlcrosptwes m dkplaced

Insteadof radioactively labeled molecules. Theassay consists of coating large

(10 micrometer diameter) nonfluorescent mlcrospheres with antibodies to the

molecule of interest. These large antibody coated spheres are then incubated in

the Ilquld sampl? beingassayed. The free antigenmolecules In the sample bind

to the large spheres vla the antibody-ant lgen interaction. The number of free

antibody sites onthe large spheres Islnversely proportional to the amount of

free antigen ln the sample, Atthlspolnt, small (O.1 micrometer diameter)

fluorescent antigen coated m!crospheres are addedto the sample for another

incubation period, These small fl(jorescent spheres b(nd to the remalnlng free

ant Ibody SI tes on the large spheres (F Igure S).

Without separation? Of bound from free fluorescent spheres, the whole

sample is analyzed using a flow cytometer There Is a ve~ small DC

f ]uorescence level present dueto the free smal I spheres that Is Ignored



e?ectrcmlcally. The data acquisition system is set to record the fluorescence

cmly when a 10 mlcrmnetwsphere1Sdetectedbyll@t scatter. As the antigen

concentratbn Increasesandbindsmoreantibodysites onthe largesphere,

fewer small fluorescentmlcrospherescm bindandthere Is less fluorescence

associatedwith the largespheres. This loss of fluorescence lS proportional to

the antkjen concentrateIon(FIgure6).

With this assay, a detection Ilmlt of 10-’2 molar has been achieved for

horse radish peroxldase.In a sandwich assay based on slml Iar principles, 6

detection limit of 10-’4 molar has been reached for the same antigen. In

theoiy, this type of assay could be developed for any molecule which IS

Immunogenic.

One of the advantages of this type of assay is that it is homogeneous

allev~ating the necessity of separating bound from free label chemically - a

procedure which both takes time and also results In decreased preclslon

because the equlllbrlum is disturbed. Further advantages Include the fact that

noradlolabeled compounds areused andthesensltlvltyof the system ls better

than manyfadlolmrnunoassays

Detefrnination of Radlat Ion Exposure

It has been recently shown (Nusse, 19a4) using tissue culture system



that the dose of radbtbn rxelved by c?lls m be detefrnhM ~ a fk

cytometricassay. Theassay consists of detaimlnt~ the mntwr of

micronucleiformed h the cultured cells after kradatlcm, The cell SUSPWMkm

Is treated with a detergent,stainedwith a DNAspeclflc dye,a matyzedona

flow cytometer. The micronuclei ~zm In the dlstrlbutkm as objects with

low DNA content, Byplottl~ the ratio of the nmber of micronucleidetected
\

to the total number of cells analyzedas a functionof dose,a dm response

curvecanbe generated. A flow cytometer with reasonablesmsltlvlty is

needed since the DNA content of the micronuclei Is on the order of that of the

smallest human chromosomes which Is approxlma[ely 1/ 100th of the human

geriome.

Chromosome Damage

A relatively recent development h flow cytometry 1s flow karyotype

analysls (Carrano, 1979), The measurement basis for a flow karyotype IS

quant Itat Ion of chromosome DNA content. Some techniques use two lasers to

excltetwo dyes wlthdifferent base pair speciflcit!es. Present daytechnlques

resolve thehuman ka~otypelnto?l groups wlthrelatlve ease based on two

color fluorescence measurements, SinceJat the present time, chromosome

banding patterns can not be resolved by flow measurements, only DNA content



per clmnosome can be measured. Thus, not all types of subtle chromosome

Mrmge can be detected by flow cytometric measurements. However, gross

delctkms, bfeaks, md InsertIons can be detected

System ccmslderatlons for the Space Environment

There are no pe?c!eve wompatabllitles between zero or low gravity

envlrOIYnents and flow technology. However, some design changes w 11I be

necessary. Skicelasers are bulky, very Ineff iclent at producing ! !ght and have

high power requirements, another IIlumlnatlon source wi!l be necessary.

Several flow systems have been built with mercuty arc lamps for light sources

Another possibility Is to use the sun as an Illumlnatlon soulhce Air pressurized

fluid tanks will have to be replaced with pulsation free fluid pumps to avoid

problems In a mlcrogravity environment Analog and digital electronic

components can be miniaturized to meet requirements of “?:, power

consumption andcoollng. All data recorded islndigltal form and I: thus

compatible wlthdata llnksfor transmission back to earth, Asystem can be

designedwlth automatedal lgnment procedures controlled by a preprogrammed

microprocessor With additional development, lt wlllbeposslble to record

images of cells as they pass through the Ilght beam, Images recorded In this

manner can reanalyzed for morphological features todeterrnlne cell types,



abnormalcytologyandotherparameters of kMfest. In addition to ttw

Instrumentationdevelopment,samplepreparation~tocols will twe to be

modified and/or developedwith appropriatepackaghg of reagents for

prolongedfllghts. Wedonot envlslonmy difficulty h the develofm’wntof me

or two step k!ts for anyof the desiredanalytical endpoints.

Conclusion

Aspace flowcytometerwIIIprovidethe meansof obtafninga large

varlet.yof informationnecessaryfor monitoringthe healthof astronautson

missionsto the spacestation, the moonor beyond.Current advances lrtflow

cytomet~ are primarily inthearea of new probes formeasurlng new

attributes of cel Is, chromosomes and molecules Hence, In additionto the

maesurements t)rlefly described here, new capabilities are being continuously

added to the llstofmeasurement~ routinely madeby flow cytometers.

Acknowledgements

The authors wish to thank Drs, S, Nachtwey,G,R. Taylor and PI D, Enger

for helpful discussions.



...

REFERENCES

8ray\an, R. C. ( 1983) FlowCytometryArch Patho/lab Mefl107,I-6.

Carrano,A V,,Gray,J. W.,Langlols,R,G,,Burkhart-SchultzJK.J., andVan

Dllla,II,A (19?9)Measurementandpurificationof human

chromosomesbyflowCytometryandsorting. Proc’, A@t, Aca~ Scl

USA,76,1382-1384.

Crossland-Taylor, P J, (1953) A device for counting small Particle

suspended !n a f Iuid through a tube Nature,171,37-38,

HoffmanR A.,Kung,P,C,,Hansen,W, P, and Goldstein, G. (1980) Simple and

rap~dmeasurementof humanT lymphocytes and their slJbclasses in

peripheral blood. F’roe,fl#//.Acud 5ci,USA, 77, 4914-4917

Horan, P, K,, Kappler, J, W, ( 1977) Automated fluorescent, analysts for

cytotoxlclty assays. J /mmumf, Methods,18,309-316,

14elamed M, R., t%llane~, P, F., and Mendelssohn, M, L, ( :979) F/ow

Cytometry Md Sorting,JUhf7W !Iey andSons, New York,

Nusse, M, and Kramer, J, ( 1984) rlow cytometric analysis of rnlcronulce!

found In cells after Irradiation, Cytome(ry, 5,20-25

Saunders, G. C,, Jett, J, H, and Martin J, C, ( 1985) Flow cytometric



Mparat ton free fIuorescencelmmuwswy. ScM69, s@mNted.

Stein&amp,J. A, Wilson, J. S., Smmdem, G. C. and Stubwt, C.C.( 1962)

Phagocytosls:flowcytunetrk qmtltatkm with fluorescent

mlcrospheresdSc/ence, 2 I5, 64-66.

Stehkamp,John A (1984) Flow Cytomet~. A’wJ%l /fis/-. 55,

I 375- I 400.

VanDllla,M,A,,Trujillo,T,T,,Mullaney,P,F,,andUtulter,J, R,(1%9) Cell

mlcrofluorlmetry:a methodfor rapid fluorescence measurements.

Se/eflce, 163, 1213-1214.



TABLE1:Ceihla propertiesor ccmstltuentsmeaswedawith fluorescent
dyesbyflowcytometers

IMA
RNA
Protein
Enzymelevels
Cellsurfaceantigens
Mtochondrla
Hembranepotential
Cellularptl
tlltochondria
Chloroplasts

Footnote:
a. References to detaiIs of these measurements can be found In

Stelnkarnp, 1984; Bray Ian, 1983; and Plelamed, 1979,



Table2: tWnfhorescence measwemn ts~ IT@& with flow Cytametws

Flwrescencepol=lzatkm
Timecorrelation
Energytrasfer
Pulsewidths
Pulserlsetlmes
AxialIlghtloss

Footnote
a. Refercncesto detalIs of these measurementscanbe foundIn

Stelnkamp,1984;9raylan,1983;andMelamed,1979.



FIGWELEGEtOS

Flgue 1,%fwnatlc chwhg deplctlnghydordymanlcfocusing Thesample

(white) Is swmmded andfocusedby the sheath fMd (black)as It

flows downward,Thequart?walls of the flowcell are striped The

probevolumeat the Intersectlcmof the focusedlaser beamand

samplestream 1son the order of 10-’21 iters.

Figure 2, Histogram of cellular DNA content, ThishistogramIs tne result

of meawrlng the fluorescence emitted by a DNAspeclflcdyeas

75,000cells pass througha flow cytometer Thepeakat

approximatelychanne1271sdueto cells lnG1, Thepeak at channel

55 1sdueto cells in G2+PIThecells synthesizingDNAfall Inbetween

the two peaks

figure 3, Contourrepresentationof a two dimensionalhistogramof

forwardand right angle Ilght ~catter from whole blood,Thelabeled

Islandsare ldentlfledas beingdue to lymphocytes, mormcytes,POIYS,

andred bloodcells, Thisflguredemonstratesthat a numberof celI

typescanbe ldentlfledonthe basis of light scatter alone

Fl~e 4. ContourrepresentatIonof a two dlmens!onalhistogramof green



fluorescence(proportionalto rrmrwchmalmtitmdyL(HJ2a Mellrq)

md red fhxmscence (Proportionalto mcmocl&’Wmtbdy LmJ4

Mellng). Ofttw cells which?re Leu 4 Wltlve Wllcatlng that they

are T cells, 24ft are Leu2a posltlvewhichWWcatesthat tfwyire T

suppressorcelIs.

Figure 5. Scanning electron mlcrograph of small (0,25 micrometer)

fluorescent ant Igen coated mlcrospheres bound to large ( 10

micrometer) ant!body coated mic~ ospheresw antigen-antibody

interactions

Figure 6 Immunofluorescence displacement cuwe The percent of the

maximum fluorescence measured with no antigen present is plotted

versus the concentration ofanttgen present, For this particular

experiment, the detect!onlimlt for horseradish peroxldase was

10-12 molar.
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