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LIDLE: Depressions in B and T Lymphocyte Mitogen-Induced
Blastogenesis in Mice Expdsed to Low Concentra-

tions of Benzene

Main Point: Short-term exposure (6 days) of C57BL mice to
10 ppm benzene (the current occupational exposure limit)
reduced the mitogen-induced blastogenesis 'of femoral B-cells
to '30% of control values. Moreover, 6 days exposure to 10
Ppm was juét as effective at reducing blastogenesis as 6
days exposure +to higher benzene.concentrations. In addi-
tion, splenic T-cell mitogen—induced blastogenesis was
reduced to about 40% of .control values_éfter 6 days exposure
té concentrations of benggge 2 31 ppm. These results indi-
cate that e#?pguyfs)té,ﬁpn@gngrgﬁlgy pgg;ﬂfhe:cgrrent occu-

pational exposure limit may affect .certain immune functions.
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ABSIRACY

In a short-term (6 hrs/day x 6 days) benzenevinhalation
dose/response study; mitogen-induced blastogenesis of both B
and ' lymphocytes was observed to be significantly depressed
at relatively low levels of benzene. kxposure to 10 ppm ben-
zene resulted in a significant depression 1in femoral
lipopolysaccharidé-induded © B-colony forming ability, while
total numbers of B lymphocytes at +this concentration. were
not significantly depressed. Similarly, splenic phytohemag~
‘glutinin induced blastogenesis was significantly depressed
at %1 ppm, without a concomitant significant depression in
numbers of T-lymphocytes. These data indicate that .concen-
trations of benzene at or near the ,current standard for

occupational exposure (10 ppm) can affect certain immune-

associated processes.
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Exposure to benzene has been associated with hematotox-
icity both in .chronically egposed human populations (usually
occﬁpatioqally eiposed groﬁps) and in experimental animals
(1-7). The most .common forms of hematotoxicity associated
with benzene exposure are depressions in tﬁe nunbers of
hematopoietic .cells both in the peripheral blood and in the
hematopoietic organs. Even though all hematopoiefic
lineages (erythroid, myeloid and lymphoid) exhibit suscebti—
bility to the toxic effects of benzehe‘rexposure, the 1lym-

phoid line appears to be the most sensitive (8-10).

Benzene-induced redﬁctiens in lymphocyte numbers raise
the possibilify that benzene can impair immune response
since lymphocytes play a fundamental role in immunological
processes. In several“studies,JIfons and co-workers demon-
gstrated depressions in botn mitogen;induced blastogenesis
and plague-forming cells when mice we;e admlnlstered benzene
or some of its metabolltes by parehberal 1n3ect10n (11, 12)
In addltion, Irons and co-workerslfound that rat spleno-
cytes, cultured w1th benzene metabolites, had depressed
mitogen—induced blastogenic respbnses (13,14Y;‘beeau2é of
the importance of inhaled‘benzene as an occupational hazard,
we sbught to determiheﬁwhetherfehdAat what]ievels behzene,
administered by inhalations,'interferes with .certain immune
associated” responses. A'dose/fe35ohse ekbosﬁre regime was
employed in which the lowest exposure concentration was the

current occupational exposure liﬁit, 10 parts per million
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(ppm). Mitogen-induced proliferative assays were chosen for
assessing immune-associated  processes. Although the assays
do not give a measure of actual immune function mitototi-

cally competent lymphocytes are presumed. to be a reQuisite

for immune proficiency.

B-lymphocyte proliferative ability in response to lipo-
polysaccharide QLBb) was assayed by the method of Kincade et

(15,16). T- lymphocyte prollferatlve abillty was deter-
mined by. a modification of the phytohemagglutinin (PHA)
stimulation index assay as described by .Stobo et al. (17).
In addition, +the numbers of B and T-lymphocytes were
enumerated using immunofluorescent techniques (18).. b-cells
were enumerated using fluorescein-conjugated antibody
directed against murine surface iﬁmunoglobulin M (sIgm+).
T-cells were enumefsted using.fluorescein;oohjugated anti-

body directed against Thyl .2 antigen (Thyl 2t )

Eive groups of male C57Bl mice were used in these stu-

" 13 "? gﬁq&'ﬁﬂ‘f Lo 0 02

dies. hach group of 7-8 mice was exposed to one of the fol—

doonms o gy S N rex '

lowing mean +Jbb benzene .concentrations: O ppm (control),

,as&f’“wnx. ‘v"“nu;‘u"; SR G 5-
lQ 2 + Q.4 ppm' jl 0 + 0.9 ppm- 100 * 1l ppm, 301 + 3 ppm for
6 hours/day for 6 consecutive days (19) Wlthln 30-90
S TR L TRATONY S0¢. .
minutes after the last benzene exposure, mlce were bled via
the tail vein rfor the determlnatlon of per1phera1 blood cell
counts (20). Oon the mornlng follow1ng the last exposure, the
five animals in each group which had blood counts closest to

their respective group's mean blood count were selected for
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the lymphocyte assays. Single cell suspensions were made of
the marrow and spleen cells from these animals. Aliquots of
these cell suspensions were used for % and B cell enumera-

tion and for the mitogen-induced proliferative assays.

Figure 1 shows the effects of six consecutive days of
exposure on peripheral lymphocjte and erythrocyte (RBC)
counts. Lymphocyteloounts were dsp;essed ~at all exposure
levels while erythrocyte .counts were elevated at 10 bpm,
equal to controls at 30 ppm and depressed at 100 and 300
rpn. Figure 2 shows the eftfects of the benzene exposures on
femoral B—lymﬁhocyte numbers (sIgM+ cells) band on femoral
B-lymphocyte .colony .forming ability (BE~CFCs). All benzene
concentrations reduced the msrrow B-lymphocyte colony form-

ing ability to about 30% of theieon%roixfhlues. ¥emoral B-
1ymphocyte numoe;s were reduced only after exposures to con-

Ypw e e 4w L ed

centrations' > 'ldb ppm. Splenmc B-lymphocyte colony forming

o s et

abilities were reduced only at 300 ppm and the numbe}s"of

&ic T A4 R o wt ;g:l-—A- ps - o 24V T Sk L WX

splenic B-lymphocytes were depressed only at 100 ppm and 300

¥ 5 [ERTE W8 =3

ppm (data not shown) ngure 3 shows that the BﬁA stlmﬁla—

tion indices of sPlenic T-cells were reduced at all concen—

e .««*ﬁuh
P -

trations of benzene > 31 ppm,' wnile splenlc 1-1ymphocyte

e IR}

numbers (Thyl 2+ cells) were reduced only at 100 ppPm and 300
ppm. Non—stlmulated spleen cditdsesﬁ(i e. .cultures lacklng
PHA) from mice exposed to all benzenelconcentrations had
tritiated thymidiné incorporations equal to that of controls

(data not shown). This suggests that induced mitoses were
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disturbed by the benzene exposures rather than the normal in
vitro rates of mitoses. ,Likewise, non-stimulated bone mar-
row cultures from mice exposed to all benzene concentrations

had tritiated thymidine inoorporation equal to controls.

These results‘dembnstrEte that short-term inhaled ben-

zene even at relatively ~ low’ eiposﬁre‘EoneEﬁtritiaﬁs“Ean

TR ¢ﬂ~f& [ *f TR LTI L

cause ‘reductions in""CeTrtain’ immune" " asBociated processes.

Levels of circulating 1ymphdcytes and mitogeh-induced blas—

togenesis of femoral B-lyhmphdCytes were depressed after 6
days exposure “$o0 10 7§§E9*beniéﬁé. JIn addition, mitogen-
induced blastogeneses . of sPIenic T~lymphocytes were

depressed after 6 days exposure to 31 ppm.

Depression of peripheral blood' cell counts after
short-term exposures torioh;ooneentrations of benzene have
not beenvpreviously reported. The depressions observed in
thie study are likely dﬁe to a laok.of recovery between the
time when the animalsrseredeiposEd?and the tiﬁe whea Dblood
‘samples were taken. Animalsl were bled immediately after
exposure rather than several hours or even days after expo—
sure. Benzene—induced depresslons in m1togen~1nduoed lym—
phocyte blastogenesie have been previously reported (11=14)
but this study represents the flrst time these depre331ons
have been observed follow1ng exposures to inhaled benzene.
Moreover these depressio;s oocurred.at concent;etlons equal

to or near the current occupational.exposure limit. Of note

was that 6 days exposure to 10 ppm benzene was just as
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effective at reducing femoral B-cell blastogenesis as 6 days
exposure to higher benzene concentrations. These results
suggest that inhaled benzene at relatively low levels of

exposure may disturb immune system function.
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Spleen and bone marrow.cells were plated .at 4x103/ml and
25x103/ml, respectively. On the day prior to use, RPMI
1640 medium was modified for the B-CHC assay. fhis
modification consisted of: 0.1 g/liter streptomycin, 105
units/liter pen{ciilin, 2 mM L;gidfehihe, 16 pg/ml b=
Asperaéine, 8 ug/ﬁl L-Serine, 1l ﬁﬁ sodium pyruvefe, Q.8%
MEM essential emihq acids (50x), 0.4% MEM non-essential
amino acids (1o0x), 0.6% sodium bicarbonate solution
(7.5%), 5x10=> M 2-mercapto-ethanol,‘ and 15% freshly
thawed .fetal calf serum (Gibco,'Lot No. 29-N53l7). The
mediuﬁ was then filter sterilized thfough a 0.45 n Nal-
gene filter. on the day of use, this nmedium was warmed
to 379C, mixed with 1/10 volume of boiled 3% Bacto-Agar
(Difco, Detroit, MI), and 25 pg/ml lipopolysaccharide
(Salmonella typhosa endotoxxc w0901- Difce).' A small
volume of cell suspension contalnlng approprlate number
of cells was added, and l hl proteins a¢iquoted to 35 nm
sterile tissue culture dishes (Microbiological Associ-
ates). Cultu}es were éfepered in t}iplicate. -After 6
days‘ incubation at 37°C in fully numidified atmosphere
or 5- b% LUZ 1n alr, the cultures were examlned w1th an
inverted mlcroscope ior the presence of colonies (aggre—
gates > 20 cells).

1. J.D.;Stobo, A.S5. Rosenthal and W.E. Paul, J. Immunol.

DBZ0029784



One

RHozen, Snyder & Albert - 12

108, 1 (1972).

million cells in Q.2 ml were .cultured in triplicate, in

" 'RPMI 1640 medium which had been supplemented with 0.1

18.

Une

g/liter streptomycin, 10° units/liter peniciliin and b%
heat inactivafed fetal calf serum. Twelve ug of phy-

tohemagglutinin (Lifco) or medium alone was added and

- cultures 1ncubated in a hum1d1fied atmosphere of 5% C02

in air at 37°C for 72 hours. wo pbl of tritiated thy-
nidine (6.7 Ci/mmole; New England Nuolear, Boston, MA)
vas added for the last 24 hours of culture. .Cells were
subsequently haffested with an automated cell harvester
(Microbiological Associates, Walkersville, MD) onto
glass fiber filters. The»filters containing redioactive
material were placed in 7 ml glass ecintiliefion vials
containing 4 mls of Aquasol scintillation fluid (New
England Nuclear, Boeton, MA) and the vials shaken
vigorously ‘The viais were then counted fof'tritiated
thymidine content using a LKB 1215 Rackbeta liquid scin-
tillation counter (Wallac Oy Co., Purku, Elnland) The
PhA-SI is the ratlo of 'the mean 'trltlated thymldine

incorporated in etimulated cultures (DPM) torfhe mean

tritiated thymidine incorporated in ﬁoﬁ-stimulated cul-
tufes (DPi).

becton—bicklnson, Monoclonal Antibody Source Book, sec-
tion 2.1 1961.

million cells in 50 mul of media (RPMI 1640 containing

0.1% sodium azide and 5% heat inactivated fetal calf
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serum) were combined with 5O ul - of .£luoroscein
isothiocycanate (FITC) conjugated antiﬁody. For Y-
lymphqcytes, the antibody used was monoclonally derived
anti-whyl.Z‘ (Becton-Dickinson, Mountain View, .CA; Lot
No. COBUS). ror B-lymphocytes, antibody used was goat
derived antimouse .IgM (% ago, .Inc., Buflingame; CA, Lot
No. 50-5001). Both antibodies were diluted 1/50 in
medium, sand centrifuged at '100,009 xG¢ tor 30 minutes
prior fo use. Cells mixed with antibody wefe incubated
on ice for 45 minutes and then washed 2X with medium.
The washed pellet was then resuspended in 25 ul of
medium. A covér>smear was pfepared of this suspension
and the smear then enumerated for Thyl.2t or .Igi* cells
by immunofluorescent microscopy usiﬁg a Zeiss microscope
with attached UV source and | appropriate filters.
Between 200-400 cells per sme;r were counted. Prelim-
inary eiperiments using ¥LTC conjugaféd F(ab')2 fragment
of these antibodies revealed that-the F(ab'), fragment

or the whole antibody yielded similar enumeration

JUE
Ei

results. Therefore, ”T'énd BTijhiﬁééyté'énﬁﬁerétion of
cell suspensions in these studies were performed with

whole antibody.

19. Animals were exposed in whole body, dynamic inhalation

.chambers of 0.25 m3, 1.0 m3 or 1.3-m3 volume. Benzene
vapor was generated as described elsewhere (see ref.
10).. Brierly, .tfor %00 ppm or 100 ppm exposures liquid

benzene was nebulized and the benzene droplets allowed
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to evaporate before entry into the exposure .chambers.
For 30 ppm and 10 ppm exposures benzene was vaporized by
gently flowing air across the surface of liquid benzene.
The b;nzene—laden air was then metered into the exposure
chambers. Benzene concentrations within the .chambers

were monitored at 0.5 hour intervals during the expo-

. sures by means of a MIRAN 1A infrared spectrophotometer

20.

(Foxboro Analytical, Norwalk, CT) at a wavelength of 9.8
R The same exposure regimes were used for benzene-
treated and air coqtrol mice except +that control mice
were exposed to filtered, conditioned air only.

Blood cell counts were determlned on !a Coulter Model

ZB-1 cell counter (Coulter Electronlcs,.lnc. Hileah,

kL). Differential white cell counts were determined by

,céunting 100 white cells from blood smears stained with

Wright-Giemsa.

Statistical significance for differences between control and

treatment groups was determined by a one-way ANOVA test.
Statlstlcal analy81s was performed w1th a Minitab Data

Analysis Package on a Control vata Corp. CYEER 170/730.
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I'igure 1Legends

Figure 1l: Six Day Dose/Response Effect of ;,Inhaled Benzene on
‘Peripheral Lymphocytes and Red Blood Cells (REC)

Figure 2: Six Day Dose/Response Effect oflinhaled benzene on
Frequency of Femoral B-Lymphocyte Colony Forming
Cells (B-CFCs) and on the Numbers of femoral B-
JLymphocytes (slght cells)

FPigure 3: Six Day Dose/Response kffect of .Inhaled benzene on
Splenic Cells Phytohemagglutinin .Stimulation
Indices (PHA-SI) and on the Numbers of Splenic -
JLymphocytes (thyl.2% cells)
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FIGURE 1
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BIGURE 2
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FIGURE 3
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