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A B S T RA C T The purified lymphocytosis promoting
factor (LPF) from Bordetella pertussis was found to be a
potent mitogen for peripheral blood lymphocytes
(PBL) from normal adults as well as for cord blood
lymphocytes. Proliferation occurred in autologous
plasma or fetal calf serum, regardless of previous
exposure to pertussis infection or immunization. Only
one adult human serum, from a physician constantly
working with B. perttissis, inhibited the mitogenic
response to LPF and this serum was shown to contain
precipitating antibody against LPF. The proliferative
effect of LPF was characteristic of a "nonspecific"
mitogen and not of antigen stimulation of sensitized
cells.

LPF, phytohemagglutinin, and concanavalin A were
approximately equal in potency although variation oc-
curred depending upon the cell donor. Experiments
with lymphocyte subpopulations obtained by rosetting
techniques employing sheep erythrocytes, mouse
erythrocytes, and sheep erythrocytes coated with anti-
body and complement suggested the requirement
of a mtulticellular system for LPF mitogencity.

PBL from most patients with chronic lymphatic
leukemia and lymphosarcoma cell leukemia were even
less responsive to LPF than to phytohemagglutinin,
whereas PBL from patients with lymphosarcoma
usually responded to both mitogens. It can be inferred
from the results of experiments with both normal and
leukemic cells that LPF, which is a murine thymtus-
derived (T)-cell mitogen, is also a T-cell mitogen
for human PBL. The exact cell requirement and mode
of action, however, are as yet unknown.

Received for publication 19 January 1977 and in revised
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INTRODUCTION

The association of peripheral blood lymphocytosis with
clinical pertussis (whooping cough) has long been
known (1). Both intact Bordetella pertussis organiSms
and culture supernatant fluids induce lymphocytosis in
mice and many other experimental animals (2). Re-
cently, the lymphocytosis promoting factor (LPF)' has
been purified from B. pertussis culture supernatant
fluids (3). In addition to its in vivo effects, LPF was
found by Kong and Mlorse (4, 5) to be a potent
mitogen for murine lymphocytes in vitro. LPF stimu-
lated cells from lymph nodes and spleen but not from
the thymus or bone marrow. The mitogenic response
of murine lymphocytes to LPF was the result of
activation of unsensitized T cells, but there was a
requirement for an accessory nonphagocytic adherent
cell (6). Furthermore, the subpopulation T cell re-
sponding to LPF was different from that stimulated
by phytohemagglutinin (PHA) or concanavalin A
(Con A).

The present studies were initiated to determine
whether LPF was mitogenic for normal and abnormal
human peripheral blood lymphocytes (PBL), and to
identify the responding lymphocyte population.

I Abbreviations uised in this paper: C, complement; CLL,
chronic lymphatic leukemia; Con A, concanavalin A; E,
sheep cell rosettes; EAC, sheep cell rosettes coated with
antibody and complement; Em, mouse cell rosettes; FCS,
fetal calf serum; LPF, lymphocytosis promoting factor;
LSA, lymphosarcoma; LSCL, lymphosarcoma cell leukemia;
MRBC, mouse red blood cells; PBL, peripheral blood
lymphocytes; PHA, phytohemagglutinin; SRBC, sheep red
blood cells.
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METHODS

Subjects
Normal donors included 23 employees of the Columbia

Presbyterian Medical Center and Downstate Medical Center.
23 patients from the Hematology Service at Harlem Hospital
and Columbia Presbyterian Medical Center with lympho-
proliferative disorders were also studied. Included Nvere 13
patients (see Table III) with chronic lymphatic leukemia
(CLL), 5 with lymphosarcoma cell leukemia (LSCL), and
5 with lymphosarcoma (LSA). PBL from two patients with
Sezary syndrome were also tested.

Lymphocyte cultures
PBL were isolated from heparinized venous blood by a

modification of the method of Boyum (7). 40-50 ml of blood
were obtained from normal individuals in phenol-free heparin
and allowed to sediment at 37°C for 1-2 h. The plasma
was expressed from the top of the syringe and gently
mixed with an equal volume of sterile isotonic saline. 2
vol of the saline-plasma soltution were layered over 1 vol of
Ficoll-Conray solution (10 ml 33.4% Conray, megltumine
iothalamate, prepared from a 60% aqueous solution + 24
ml 9% Ficoll) and centrifuged for 30 miim at 40C (Ficoll
was from Pharmacia Fine Chemicals, Piscataway, N. J.. and
60% Conray was from Mallinckrodt Inc., St. Louis, Mo.).
The interface was removed and washed three times with
RPMI 1640 (Grand Island Biological Co., Grand Island, N. Y.)
supplemented with 50 U/ml penicillin, 50 ,g/ml strepto-
mycin, and 2 mML-glutamine. tUsually 85% of the cells
were lymphocytes and 15% monocvtes. The trvpan blue
dye viability was >95%. The cells were cultured in this
medium with 5% fetal calf serum (FCS; Grancl Island
Biological Co.), 10% pooled human AB plasma, or 10%
autologous plasma. Except for autologous systems, all sera
and plasma were heated to 56°C for 30 min before utse.

Triplicate cultuires of 0.25 ml containing 1 or 2 x 105
lymphocytes per well were placed in microtiter plates
(Linbro IS FB96, Linbro Chemical Co., New Haven, Conn.),
and incubated at 37°C in 5% C02:95% air for various
time periods. The cultures were then pulsed overnight with
1 ,ugCi/well of [3H]thymidine, 6.7 Ci/mmol (New England
Nuclear, Boston, Mass.). The microtiter cultures were har-
vested and washed extensively with saline on glass fiber
filters (grade 934 AH, Reeve Angel, Clifton, N. J.) using a
Mash II Harvester (Microbiological Associates, Bethesda,
Md.; 8). The filters were dried and placed in 12 ml of
Instabray (Yorktown Research Inc., S. Hackensack, N. J.).
3H content was determined in a liqtuid scintillation spec-
trometer (Packard model 3320, Packard Instrument Co., Inc.,
Downers Grove, Ill.). The results are expressed as mean
cpm of triplicate samples.

Mitogens
The mitogens used included LPF, PHA-P and Con A.

LPF was purified by methods previously described (3).
Because it is kept in uirea, the LPF controls initially
contained the exact amount of urea for all LPF concentra-
tions, but inasmuch as these conitrols showed similar count-
ing rates to the resting unstimulated cultures, the later
experiments utsed only the amounit of uirea corresponding to
the highest concentrations of LPF. All preparations of LPF
were tested for mitogenicity oni mturine lymphocytes before
uise on human PBL.

Dose-response curves with PHA-P and Con A were p)er-

formed in a previouis study (9), and all normal individuals
responded to the two doses of each mitogen selected to
serve as positive controls for mitogen lymphocyte stimuila-
tion. Peak stimulation with both mitogens occutrred at 5
days. The cuiltuires contained either 0.001 or 0.005 ml stock/
ml PHA-P (Difco Laboratories, Detroit, Mlich.) or 1, 5 and
occasionally 50 Ag/ml Con A (Calbiochem, Sani Diego, Calif.).

Lymphocyte rosette techniques
Shee) red blood cell (SRBC) rosettes (E). A modifica-

tion of the method of \Vylhran et al. (10) was used to obtain
lymphocytes with receptors for SRBC. Equal volumes of a
2 x 106/ml lymphocyte suspenision were incubated for 15 min
at 37°C with 0.5% SRBC (the SRBC hald been stored in
Alsever's soluition for 1-3 wk). After centriftging at 200g
the pellet was gently overlaid with 0.2-0.4 ml of FCS, wllich
had been absorbed against SRBCbefore use, andl incubated
at 4°C for >1 h. The pellet was gently resuspended and an
aliquot removed to count the percent of SRBC(+) rosettes.
A rosette was definecl as a lymphocyte with three or more
adherent SRBCs. The remlaining rosettes wsere p)laced on a
Ficoll-Conray gradient, centrifuged, and the heavcy rosetted
lymphocytes and those lcft at the interfhace were harvested
separately. After washinig and lysing the SRBC, the cell
concentrations were e(qutalized and in somile experiments
reconstitulted in varying ratios of E (+) to E (-) cells.

Antigen-antibody- o mpl1)le tnent com)lex (EA C) rosettes.
The method of Bianco et al. (11) was used to obtain lympho-
cytes with receptors for mnouise complement (C). Fresh mouise
serum (C) was obtainedl from the Pocono Rabbit Farm (Cana-
densis, Pa.) and 19S rabbit anti-sheep cell antibody from
Cordis Laboratories (Miamiii, Fla.). Equal volumes of 5%
SRBC stuspension and a 1:100 diltution of anti-sheep cell
antibody in saline (maxiilil-mum nonagglultinating dose) wvere
incubated for 15 min at :37°C in a water bath, to make
EA. The EA were washled, centrifuiged, and resuispended
to the intitial volume of E in veronal buffer; reserving an
ali(quot for appropriate controls. Equal volunes of EA and
a 1:10 diluition of inotuse C were incubated ftor 45 min at
:37°C. After washing. the EAC were resuispen(le(d to the
initial volume with RPM11. Equal volumes of 2 x 106/ml
lymphocytes and a 0.5% suispension of EACwere incubated
at 37°C for 30 min with gentle shaking. After washing, the
p)ercentage of rosettes was couinted and the cells processed
at 22°C for gradient ceintriftugation as for the E rosettes.

Mouse cell rosettes ( IE,,,). Lymphocytes with receptors for
mouse red blood cells (NIRBC) were isolate(d by the method
of Gtupta and Grieco (12). Equial voltumes of' a 1 x 107/ml
lymphocyte stuspensioni and heated FCS which had been
absorbed with MRBCbefore uise were addled to each other
and then added to an e(luial voltume of 2%c MRBC. The
mixture was centriftiged f{or 5 min at 22°C and 150 g, fol-
lowed by incubation at 220C for 1 h. The pellet was gently
restuspended and the percentage of rosettes (letermined be-
fore separation by gradient centriftigatioin.

RESULTS

Mitogenic effect of LPF otn tiormiial Ihiumlant PBL. In
the initial experiments a wide range of (loses of' LPF
were tested for the ability to stimtulate normiial human
PBL obtained by Ficoll-Conray density separation.
A representative dose-response curve is illtustrated in
Fig. 1. In all instanc-es, stimuilationi of [3H ]thylnidine
incorporation occurred only in at very narrowv dose
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range of LPF. Maximum stimtulation usually occurred
between 2 and 4 ,ug of LPF/ml and there was no
response to concentrations below 0.1 or above 8 ,igl
ml. In Fig. 1, it can also be seen that LPF produced
comparable or even greater stimtulation of normal PBL
when compared with the responses to two concentra-
tions of PHA-P and Con A.

These resuilts are illtustrated more extensively in
Table I wlhichl shows the level of lymphocyte stimtula-
tion by LPF and PHA-P tising PBL from 19 normal
adult individuals over 20 yr of age. In initial experi-
ments 10-15% auitologous plasma was uised, and it
wvas anticipated that antiperttussis antibody restulting
from immtunization with DPT or childhood perttussis
(wlhooping couigh) might inhibit LPF stimtulation.
The uipper section of Table I shows the results witlh
the PBL of seven individtuals which were ctulttured in
auitologouis plasma. Two had no known immuniza-
tion or clinical history of pertuissis; three had a child-
hood history compatible with perttussis; and two re-
ceived childhood DPT immtunization. All PBL had a
ftull response to LPF in autologouis plasma except
those from subject S.IM.. As shown in Fig. 2, the
PBL from subject S.I.M. responded normally to PHA
in botlh AB and auitologouis plasma and to LPF in
AB, buit not auitologouis plasma. PBL from S.I.M.
also responded in FCS. S.I.M. has worked extensively
with B. p)ertussis and is known to have anti-LPF
antibody (Fig. 3). A sturprising finding was the partial
inhibition of the Con A response of PBL ctulttured in
S.I.M. plasma. This cross-inhibition is presently uinder
study.

E

' 60,000

.-
z

° 50,000

0
a- 40,000

z 30,000

a 20,000

1 0,000_

I

I0

i

i \\\\

I %~~~~~~~~~

I
i

0412 4 8 0.0010.005 1
LPF PHA

FIGURE 1 Effect of LPF, PHA-P, and C(
Each cutltutre, performed in triplicate,
lym)phocytes in 0.25 ml ctultture med
and was incnhbated for 5 days. Restult
the arithmetic' mean± 1 SDof'cpm of [3H ]t
tion per cuilture. The concentration of I
,ug/ml; PHAas mil/ml; and Con A as /g/i

TABLE I
Effect of LPF and PHA on PBL from Normal Aduilts

PH]Thymllidille inlcorp)oration*

Exposure to t'listilim-
Sulbject pertussis LPF PHA-P tilIated

Cultured in aitologouus plasmia

1. E. H. (2) Noine 11.42--1,:375 15,287±79 116±f4
E. B. :35.571,1+3,88 41458: 614 81±1 l

2. P. D. None .56,6809A.426 NI) 54+.9

3. I. H. \1. 1'ertiussis 28.617,(3.517 20,95:3± 1_02:3 105±) 11

j 11. '\I. 59.6.52±+5.474 NI) 82±+35
j. II. mI. .51.4:32±+8,541 49,282±':3,095 106±9

4. S. I. NI. Pertiissis 1,216±:304 39,954±6:3:36 21:3±47

*5. H. N. 1'ertuissis .53.796±2,203 NI) 149±52

6. C. C). DPT xaccine 48.852±+2,399 43,841±8,.071 234±71
C. 0. 81,361 7,149 NI) 3:34±'19

7. A. P. DPT vaccine :30.262±714 57,473±7,77:3 293±91

Cuiltiired in FCS

8. \1. D. 21,545±1,082 26,829±6,9.57 3739 120

9. D. E. 43,.990±1,211 17,9.25±1,063 252±51

10. D. F. 30,907±6,033 20.631±2,117 99±5
1). F. 33,331±:3,29-7 ND

11. K. F. 8,874±:352 20,976±2,470 193±+7

12. E. L. :38.224± 1,297 37,748_,892 2X88X 16

13. K. NI. 16,.902(2,091 :3,848±-X:343 67f 1
K. NI. :38,)075± 1,657 :34,998±:3,344 15:3±11

14. 1. C. 48,.905±8,(0)5 40,627±.5,952 1:39±327

15.5 C. (C. :37.887-7,.357 2:3,:395.5:3.278 154 ±48

16. NI. 1P. 43.:35:32:3,208 40,0:36±i2.525 116±4

1 7. L. S. 3.183±:374 8.59(0 1±.571 NI)
L. S. 3:3:38±-546 1:3,147>1,449 71±4

18. L. Scih. 26,199±7'+,601 50,41(06.698i7 137± 12

19. T. V. 21,225+2.,445 24,811X:3,586 107±+8

k Resuilts airc, expressed as the arithmetic mean ±SE. Culture timile was 5-7 days
except tor E. B. (2) shich was 2 days.

For stubsequient experiments, FCS was employed in
order to minize any contribution of inhibiting factors
in hutman plasma. As shown in Table I, PBL from
12 individuals gave good mitogenic responses to LPF
and PHA-P when FCS was the seruim suipplement.

5 50 The time-couirse of LPF responsiveness wxas sttudied
CONA CELL and maximumtl- stimutlation was found to occutr after

CONTROL 5-7 days of' incubation. Unless otherwise noted, this
on A on human PBL. time period was uised in all experimeints. 'More thani
I contained 1 x 105 10 ptirified preparationis of LPF have been uised to
itmm with 5% FCS date anid fouind to be potent mitogenis for normnal PBL.
ts are expressed as F' 1
hymdieencrpor a- Fig. 4 shows that equivalent imiaxililal stimiutilation w%vas
LPF is expressed as achieved b)v tw%ko different preparations of LPF on the
m1l of ctiltture. same PBL. The conceintratioin of LPF re(Ituired for
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FIGURE 2 Comparison of LPF, PHA, and Con A stimula-
tion of PBL in an autologous plasma containing anti-
LPF antibody and in normal AB plasma. The concentration
of LPF is expressed as ,ug/ml culture, PHA as ml/ml of
culture, and Con A as ,ug/ml of culture. Cultures were

supplemented with either 15%AB or 15%autologous plasma.
Results are expressed as the arithmetic mean+1 SDof cpm of
[3H ]thymidine incorporation per culture.

separation were separated by the SRBC technique.
The response of unseparated PBL to LPF and PHA
was compared to that found with (a) PBLwith receptors
for SRBC[E(+), T enriched]; (b) PBL remaining after
rosetting with SRBC [E(-), T depleted]; and (c) a
mixture of 80% E(+) and 20% E(-) cells. The cell
concentrations were the same in the four groups.

The results of a representative experiment are shown
in Fig. 5. It can be seen that neither E(+) cells nor
E(-) cells alone were capable of responding optimally
to LPF when compared to the stimulation obtained
with unseparated cells. In contrast, the reconstituted
population of 80% E(+) and 20%o E(-) cells reacted
normally. The E(+) population gave 20,000 cpm or
approximately one-third of the maximum LPF stimula-
tion of 60,000 cpm, whereas the E(-) cells gave 5,000
cpm or only about one-twelfth of maximal stimulation.
In contrast to LPF, PHA proved fully mitogenic
for the E(+) cells as well as for the unseparated
cells and the reconstituted cells, but like LPF was only
minimally mitogenic for the E(-) cells.

Individual variations occurred with the PBL from
four normal individuals examined in this manner, but
the inability of the isolated SRBC receptor-positive

maximum stimulation was greater in the older prepara-

tion of LPF which is consonant with the finding in
the murine system that LPF loses its mitogenicity
upon prolonged storage, presumably as a result of
aggregation.

The fact that PBL from all normal adults tested
responded to LPF in antibody-free medium suggested
that LPF, although derived from an organism with
which most individuals have had contact, either as

immunogen or pathogen, was not causing lymphocyte
proliferation on the basis of antigen stimulation of
previously sensitized lymphocytes. Moreover, with the
exception of S.I.M., no serological evidence of prior
LPF exposure could be found. Nevertheless, in order
to rigorously exclude the possibility that sensitized
cells were the responders, cord blood lymphocytes
were tested for stimulation by LPF. As shown in
Table II, samples of cord blood cells responded to
LPF as well as to Con A and PHA-P, again sug-

gesting that LPF was acting as a "nonspecific" mito-
gen rather than as an antigen. The maximum response

to each mitogen varied among the three cord blood
lymphocytes tested, suggesting that distinct cell
populations might be preferentially stimulated.

Mitogenic effect of LPF on normal PBL separated
by E, EAC, and MRBCrosetting techniques. The
next series of experiments was designed to determine
the subpopulation of normal lymphocytes responding
to LPF. First, normal PBL obtained by gradient
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FIGuRE 3 Gel diffusion analysis (Ouchterlony) of purified
LPF with an antibody containing Na2SO4precipitate of serum
S.I.M. and rabbit hyperimmune antipertussis serum. Well no.

1 contains purified LPF, 200 ,ug/ml; well no. 2 a 20% NaSO4
precipitate of serum S.I.M., concentrated five times; and well
no. 3, hyperimmune rabbit anti-LPF antiserum.
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FIGuRE 4 Comparison of the mitogenicity of two different preparations of LPF. LPF prepara-
tion no. 32 was more than 3 wk older than preparation no. 33 at the time of assay. LPF con-
centrations are expressed as ,ug/ml; PHAas ml/ml; and Con A as ,ug/ml of culture.

TABLE II
Effect of LPF, PHA-P, and Con A on Cord Blood Lymphocytes

[3H]Thvmidine incorporation (cpm)

LPF Con A PHA-P

Subject None 1.5 Ag 1.0,ug 0.5 jAg 12.5 jg 1.25 jAg 1.25 ,ug 2.5 Zg

Cord blood no. 1 34,859 172,424 127,960 175,464 4,794 110,237 224,947 196,760
+7,243 +3,836 +6,650 +26,814 +294 +8,980 + 12,672 +9,030

Cord blood no. 2 5,707 41,228 170,531 236,168 19,128 151,789 65,620 38,117
(72 h) +955 ±1,179 +11,985 +12,157 ±467 +1,618 +1,735 +1,837

(120 h) 35,379 18,669 216,054 88,376 830 73,799 249,218 114,653
+4,045 ±241 ±11,583 +4,363 ±168 ±11,830 +17,381 +2,230

Cord blood no. 3 18,370 113,910 84,948 46,350 4,311 58,785 115,153 48,998
+6,303 ±15,063 +19,841 ±3,719 ±394 ±2,590 +3,198 ±2,409

Normal adult no. 1 844 104,855 246,853 189,274 761 147,487 221,081 146,939
+200 ±13,774 + 12,972 +18,821 ±68 +8,256 +22,352 +19,910

Normal adult no. 2 1,255 4,254 68,203 316,381 505 159,023 241,600 160,223
+1,047 ±473 +7,619 ±19,678 ±349 ±30,596 +7,842 +8,560

Results are expressed as the arithmetic mean+1 SD of cpm of
120 h. Cord blood no. 2 was harvested also at 72 h.

[3H]thymidine incorporation per culture. Culture period was

Lymphocytosis Promoting Factor on Lymphocytes 687
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FIGURE 5 Effect of LPF and PHAon normal PBL separated
by the SRBC rosette technique (E). PBL were separated
into SRBCpositive, E(+), and SRBCnegative E(-) popula-
tions as well as recombined in a ratio of 80% E(+) and
20% E(-). The cell concentrations for all four groups were
5 x 105/ml. The initial ratio of the unseparated cells was
60% E(+) and 40% E(-).

cells to respond to LPF was consistent, whereas
there was a fill PHA effect.

PBL were next separated on the basis of the presence,
EAC(+), or absence, EAC(-), of receptors for mouse C.
SRBCs were coated with 19S rabbit anti-SRBC anti-
body and mouse C by the technique of Bianco et al.
(12), and the rosettes placed on Ficoll-Conray density
gradient. This technique selected out B lymphocytes
with C receptors, EAC(+), leaving behind monocytes
and all the lymphocytes lacking C receptors, EAC(-).
Fig. 6 shows a representative experiment comparing
the mitogenicity of LPF and PHA for PBL from an
individual with 14% EAC(+) rosettes before separa-
tion. The unseparated cells and the EAC(-) popula-
tion gave almost equivalent maximal responses to
LPF. The EAC(+) cells gave less than half maximal
stimulation to LPF as did the cells recombined in
the ratio of 80% EAC(-):20% EAC(+) cells. How-
ever, maximal PHA stimulation was achieved with all
four groups. The data again suggest that a different cell
population(s) is required for LPF mitogenicity as op-
posed to PHA.

In the third mode of separation, cells with receptors

E~100,000 - *UNSEPARATED
a. A 080%EAC(-)20%EAC(+)

*EAC(-)z 80,000 oEAC(+)

0
a. 60,000
0
0
z

Li 40,000

20,000

I

0 4 4.0 8 0 0.001 0.005 CELL
LPF PHA-P CONTROL

FIGURE 6 Effect of LPF and PHAon normal PBL separated
by rosetting techniques with EAC. PBL were separated into
those with receptors for mouse C using EAC(+), and those
lacking these receptors, EAC(-). These two populations were
also recombined in an 80% EAC(-) and 20% EAC(+) ratio.
The cell concentration in all four groups was 8 x 105/ml.
The initial ratio of the uinseparated cells was 86% EAC(-)
and 14% EAC(+). Although not plotted, a 60% EAC(-)
and 40% EAC(+) ratio produced similar [3H]thymidine in-
corporation to the 80% EAC(-) and 20% EAC(+) ratio.

for mouse erythrocytes were isolated by the rosetting
technique. This method selects for lymphocytes con-
taining surface immunoglobulin (11). In the experi-
ment illustrated in Fig. 7, the unseparated cells gave
the best response to LPF, whereas those cells with
receptors for MRBCs, Em(+), were unresponsive.
The combination of 80% Em(-):20% Em(+) as well
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FIGURE 7 Effect of LPF and PHAon normal PBL separated
by the MRBCrosetting technique. PBL were separated into
Em(+) and Em(-) populations as well as recombined in a
ratio of 80% Em(-) and 20% Em(+). The cell concentration
for all four groups was 8 x 105/ml; the initial ratio of the
unseparated cells was 89% Em(-) and 11% Em(+).
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as the Em&(-) population alone gave approximately
one-third the maximal response. As in the case of
E(+) and E(-) cells, neither isolated population was
capable of responding to LPF, suggesting that a com-
plex interaction of cells was required for mitogenicity.
Fairly good mitogenic responses were obtained with
PHAin all groups except for those cells with receptors
for MRBCs, which are presumably B lymphocytes
containing surface immunoglobulin.

Mitogenic effect of LPF on PBL from patients with
chronic lymphatic leukemia (CLL), lymphosarcoma
cell leukemia (LSCL), and lymphosarcoma (LSA).
PBL from 23 patients with peripheral blood lympho-
cytosis associated with CLL, LSCL, and LSA were iso-
lated by gradient centrifugation by the same method
used for obtaining normal PBL and then cultured in
FCS. These 23 patients were divided into three clinical
groups illustrated in Table III. 13 had CLL, 5 LSCL,
and 5 LSA.

Groups I and II had CLL and chronic LSCL
as defined morphologically and clinically by Zacharski
and Linman (13). In four of the patients in group
III (Table III), the illness began as a disorder present-
ing with lymph node enlargement (biopsy proved as
lymphocytic LSA) without increased numbers of cir-
culating lymphocytes and later progressed to a phase
in which increasing numbers of abnormal lymphocytes
were found in the peripheral blood (14). In case 21,
the illness initially presented with increased numbers
of LSA cells in the peripheral blood without organ
involvement (stage 0 according to the classification of
Rai et al. (15). At the time of study 23 yr later,
after multiple courses of therapy with alkylating agents,
the patient had minimal involvement of the peripheral
blood with periodic massive enlargement of cervical
and inguinal lymph nodes. The patients were placed
in these three groups by one of us (J.L.) without
knowledge of the results of mitogen studies. Note
that most patients with CLL were not receiving
therapy at the time of testing, unlike those with
LSA.

Table IV illustrates the mitogenic responses of these
same 23 leukemic patients to LPF and PHA-P as
measured by [3H ]thymidine incorporation. A response
was considered positive at counting rates of 1,000
cpm or greater which corresponded to a stimulation
index of 5 or greater. Of the PBL from the 13 patients
with CLL, only 2 responded to LPF and these same 2
as well as an additional 2 responded to PHA. One of
the two LPF-responsive individuals became unrespon-
sive to both mitogens upon retesting later in the course
of the disease. Of five individuals with LSCL, only
one responded to LPF, whereas all responded to PHA.
One PHA-responsive patient later became unrespon-
sive. Four of five individuals with LSA had normal
or near normal responses to both mitogens. The one

unresponsive patient (no. 23) in this group was unusual
in that she had a histologic diagnosis of a nodular,
well-differentiated lymphocytic LSA, whereas the
other four had poorly differentiated lymphocytic LSAs.

Of the 18 patients with CLL or LSCL, only 3 re-
sponded to LPF whereas 9 responded to PHA. Thus
PHA is more likely to give a mitogenic response
in this group of B-cell leukemias, and LPF may be a
more useful mitogen than PHA in identifying these
patients. Both LPF and PHA were mitogenic for the
PBL of LSA patients with poorly differentiated LSAs,
however these patients were also on chemotherapy.

It can also be noted in Table IV that PBL from two
of five patients in the LSA group had high [3H]thy-
midine incorporation in the resting state. Because these
cultures were performed in FCS, making the effect of
a humoral factor unlikely, it is possible that some
"normal" cells were proliferating in response to the
"abnormal" leukemic cells. It is also possible that
lack of control of normal autologous stimulation oc-
curred, or that drug therapy in some way modified
the normal response, or the leukemic cells were
proliferating at a faster rate than normal. [3H ]thymidine
incorporation in the unstimulated cultures using PBL
from the CLL and LSCL group were low or normal.
Four of the unresponsive individuals were retested
at a later date with LPF to be sure of the validity of
the negative response. Only one, who was receiving
chemotherapy and was in remission, responded, sug-
gesting that LPF unresponsiveness persists without
chemotherapeutic intervention.

Two patients with Sezary syndrome were tested
because this is a T-cell leukemia (16). One was tin-
responsive to both LPF and PHAwith counting rates
below 600 cpm, whereas the other responded weakly
with maximal responses ranging between 1,400 and
1,900 cpm for both mitogens. Although other leukemias
were not systematically investigated, one patient with
chronic myelogenotus leuikemia responded normally to
both mitogens.

DISCUSSION

The product of Bordetella pertuissis which cauises
leukocytosis with a predominance of matture-appearing
small lymphocytes has recently been isolated and char-
acterized (3). The purified LPF was found to be a po-
tent, nonspecific mitogen for mouse T lymphocytes (6).

The experiments performed in this study were de-
signed to determine (a) whether LPF is a mitogen
for human lymphocytes, (b) whether the mitogenic
effect is related to prior exposure to antigen, (c) the
comparative effects of LPF, PHA, and CoIn A on
lymphocyte populations, and (d) the nature of the re-
sponding cells.

PBL from six of seven aduilts were stimulated by
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TABLE III
Clinical Features of the Patients with CLL, LSCL, and LSA

Enlarged Duration
Thrombo- of

Case Patient Age Sex Lymphocytes Stage* Nodes Liver Spleen Anemia cytopenia disease Therapyt

x103/,uI yr

Group I CLL

1. L. A. 73 M 34.7 III + 0 0 + 0 3 0
28.4 III + 0 0 + 0 3.3 pred

2. M. D. 77 F 14.2 II + 0 + 0 0 1 0
3. L. F. 69 M 182.4 IV + + + + + 5 chlor
4. E. G. 77 F 78.2 III 0 0 0 + 0 5 0
5. P. G. 69 M 75.0 IV + + + + + 3 chlor§, pred§
6. E. H. 75 F 73.5 III + 0 0 + 0 1 0
7. P. H. 69 M 31.2 III + + + + 0 10 0
8. E. H. 84 F 16.5 0 0 0 0 0 0 1 0
9. J. I. 64 M 30.4 IV + + + + + 3 chlor, pred

10. A. J. 78 F 250.0 IV + + + + + 4 0
11. J. L. 79 F 26.3 0 0 0 0 0 0 1 0
12. J. O. 66 M 230.0 III + + + + 0 1 0
13. T. W. 76 M 34.3 IV + 0 + + + 12 chlor§

Group II Chronic LSCL

14. A. H. 75 F 26.9 0 0 0 0 0 0 7 0
15. A. H. 77 M 14.6 IV + + + + + 7 chlor§
16. V. L. 61 M 122.6 0 0 0 0 0 0 7 0

78.6 0 0 0 0 0 0 7.8 0
17. S. P. 78 F 10.7 0 0 0 0 0 0 1 0
18. H. P. 67 F 17.2 III + 0 0 + 0 5 chlor

Group III LSA

19. J. L. 69 M 2.0 IV + + + + 0 2 chlor, pred, vcr
20. G. N. 57 F 1.8 IV + + + + + 1 chlor, pred, vcr
21. M. P. 65 F 6.3 IV + + + + + 23 chlor
22. A. T. 67 F 20.0 IV + 0 0 + + 2.5 pred, splenectomy§

22.8 IV + + + + + 3 radio-rx
23. O. B. 47 F 2.2 III + 0 0 0 0 9 chlor

In group III histologic diagnosis of diffuse, poorly differentiated lymphocytic LSA was made on lymph node biopsy in
patients 19-22; case 23 had nodular, well-differentiated lymphocytic LSA.
* Patients in groups I and II were staged according to the system of Rai et al. (15). Patients in group III were staged
clinically according to the Ann Arbor Symposium criteria (15).
1 pred = prednisone; chlor = chlorambucil; vcr = vincristine; radio-rx = radiotherapy. Patients were receiving therapy as
listed at the time of the study except where indicated by§.
§ Therapy given more than 6 mo before study. Duration of disease as estimated from first detection of peripheral blood
lymphocytosis or first symptom (whichever was earliest).

LPF when the cells were cultured in autologous
plasma irrespective of a prior history of clinical
pertussis or pertussis immunization (Table I). The PBL
from the nonresponder, however, were stimulated
by LPF when cultured in AB plasma or FCS. S.I.M.
has worked with B. pertussis for many years and his
serum is known to contain LPF antibody which
inhibits proliferation. Despite a history of clinical
whooping cough or immunization, the other plasmas
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did not inhibit suggesting that, like other pertussis
antibodies, anti-LPF does not persist into adulthood
after clinical infection or DPT immunization (17).
However, there are no data as to whether anti-
LPF antibody is produced normally in response to
clinical infection or DPT immunization.

PBL from an additional 12 normal adults were cul-
tured with FCSas the serum component of the medium,
and all were stimulated by LPF. Thus, PBL from all



19 normal adult subjects responded to LPF, suggest-
ing that stimulation by LPF was not a reflection of a
response of cells previously sensitized to LPF or cross-
reactive antigens. This was substantiated by the finding
that cord blood cells responded frilly. These results
are consonant with the findings in the murine system
where responsiveness of lymphocytes to LPF was
also shown to be unrelated to presensitization to anti-
gen (5). Although lymphocytosis often accompanies
clinical pertussis, except in infants under 6 mo of
age, blast cells are not found in the blood (1).
It has been shown in experimental animals that the
increase in ciruclating lymphocytes is the result of
redistribution of cells and not to proliferation (18).
The discrepancy between the in vivo and in vitro
findings may be due to (a) the narrow dose range for
in vitro stimulation of lymphocytes by LPF which
might not be realized in vivo and/or (b) the fact
that a much greater relative amount of LPF is re-
quired for mitogenicity in vitro than for production
of lymphocytosis. It is possible, however, that lympho-
cyte proliferation occurs in tissues adjacent to the site of
infection where a gradient might provide the ap-
propriate concentration of LPF.

The purified LPF used in these experiments is a four-
chain polypeptide with a molecular weight of approxi-
mately 74,000 and is free of carbohydrate and lipid
(3). Thus, the LPF does not contain lipopolysaccharide
endotoxin which might exert a proliferative effect.
Furthermore, in contrast to endotoxin, LPF does not
stimulate mouse B cells (6).

LPF, PHA, and Con A were roughly equivalent in
potency, although variations occurred. LPF was often
the most potent of the three mitogens for normal adult
PBL, as well as for cord blood cells. Maximal stimula-
tion of 4-8 x 105 cells/ml was obtained in most in-
stances with 2-4 ,ug/ml of LPF, and the dose-response
curve was very narrow in contradistinction to the broad
dose-response curve of PHA. Mitogenicity with LPF
rarely occurred below 0.1 or above 8.0 ug/ml. High
dose inhibition did not appear to be the result of
toxicity because the trypan blue dye exclusion test
showed no excess cell death.

PBL from patients with the B-cell leukemias, CLL
and LSCL, showed virtually no response to LPF,
even less than that obtained with PHA. The poor
response of these leukemic cells to mitogens, espe-
cially PHA, has been noted before and when there is a
response it is usually due to nonleukemic cells (19).
In the case of LSA where peripheral blood lympho-
cytosis includes T- and/or B-cell proliferation, PBL
from four of five patients were responsive to both
LPF and PHA. The PBL of two patients with Sezary
syndrome, a leukemia of helper cell T cells (20),
responded poorly to both LPF and PHA. The dif-
ferential effect of LPF and PHAon PBL from patients

TABLE IV
Effect of LPF and PHAon PBL from Patients with

CLL, LSCL, and LSA

[3H]Thlmidine incorporation*
Days in

Subject LPF PHA Unstimuitilated clultture

Grouup I CLL

1. L. A. 451+85 979±f181 133±t18 2
L. A. 11,357±2,679 24,.62±3,564 205±358
L. A. 86±12 256±131 84±4 7

2. NI. D. 116±12 6,391±964 105±12 6
3. L. F. 73±4 73±8 61±10 6
4. A. G. 156±25 525±91 103±1 7
5. P. G. 88±10 383±52 80±3 7
6. E. H. 107±35 112±48 70±8 7
7. P. H. 77±15 411±187 62±4 6
8. E. H. 17,487±1,348 15,354±1,944 106±6 7
9. J. I. 75±7 73±2 78±6 7

10. A. M. J. 146±72 482±186 147±61 7
11. J. L. 130±17 5,440±411 111±9 5
12. J. 0. 95±2 264±50 100±10 6
13. T. W. 202±52 29±62 119±8 7

Grouup II LSCL

14. A. H. 255±22 1,054i144 117±15 2
A. H. 146±28 640±95 117±9 7

15. A. HUN. 448±119 9,673±1,433 184±5 7
16. V. L. 89± 19 10,675±596 64±4 5

V. L. 105±25 149±51 74±2 7
17. S. P. 134± 10 2,891±659 114±3 7
18. H. P. 1,527±54 2,829±1,047 82±8 7

Grouip III LSA

19. J. L. 16,388±979 3,779±122 146±58 5
20. G. N. 23,682±3,683 40,712±6,544 146±27 5
21. MI. P. 34,961±7,115 13,659±1,591 658±+201
22. A. T. 7,519±1,358 5,484±1,767 1,413±282 7

A. T. 2,784±159 4,852±396 3,001±663 7
23. 0. B. 373±351 106±+16 51±6 7

* Restults are expressed as the arithmetic mean+ 1
incorporation per ctultture.

SE of cpm of [3H]thymidine

with CLL and LSCL suggests that LPF may ulti-
mately be more useful than PHA in defining these
patients. The differences in the reactivity to these
two mitogens may reflect stimulation of different
lymphocyte populations.

The lack of effect of LPF on PBL from patients
with B-cell leukemias suggests that LPF is not a B-
cell mitogen. PBL from normal adults were separated
into T-cell enriched and B-cell enriched fractions
using three different rosetting techniques and re-
covering the rosetting and nonrosetting fractions by
gradient centrifugation. In each case the T-cell en-
riched fraction responded to a greater extent than the
B-cell enriched fraction. This was particularly true of
the experiments using E rosetting (Fig. 5), where the
rosetting population is T-cell enriched, and Em
rosetting (Fig. 7), where the rosetting population is
B-cell enriched.

However, in no instance did the isolated popula-
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tion respond fully; confirmation of the hypothesis that
T cells are stimulated by LPF is required in view of the
finding that reactivity to LPF, unlike PHA, requires
a multicomponent cellular system. The modes of cell
separation used did not permit evaluation of the role
of the monocyte. It is pertinent to note that the maxi-
mal response of mouse T cells to LPF also requires
accessory cells which are not monocytes or B cells
(21).

In summary, LPF is a potent mitogen for unsensi-
tized human PBL. It is likely that LPF is a T-cell
mitogen, but LPF, unlike PHA, does not cause maxi-
mal stimulation of isolated T-cell enriched populations
unless accessory cells are present.

Addendum. While this manuscript was in revision, Ander-
sen et al. reported that B. pertussis cells and partially
purified LPF stimulated normal human PBL and suggested
that the responding cells were T cells (22).
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