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SUMMARY

Ascaris suum extract (ASE) was found to contain
a mitogenic factor which stimulates human
lymphocytes. ASE (100 ug protein/ml) induced
an increase in [3H]-thymidine incorporation
into human lymphocytes, at a level similar to
that obtained with pokeweed mitogen (11u g/ml).
Stimulation of mitosis appeared to be more
effective with T Ilymphocytes than non-T
lymphocytes. The mitogenic activity of ASE was
reduced only by 27% when treated at 56°C
for 30 minutes or when immersed into boiling
water for one minute. ASE was fractionated
into four protein peaks by Sephacryl S-200
column chromatography. Lymphocyte mitogenic
activity was observed in the first half of the
first protein peak. Allergenic activity assessed
by the passive cutaneous anaphylaxis test in rats
was observed in the latter half of the same peak.
These results suggest that ASE contains both an
allergen and a mitogenic substance.

INTRODUCTION

Parasites and culture fluids of their larvae have
been shown to contain various biologically active
substances. There are allergenic substances
which stimulate IgE production,’™ stimulate
or suppress lymphocyte functions,s’6 and
interact with granulocytes.7_1° These activities
are considered to be linked synergistically with
the initiation of immunologic cellular response
during parasitic infections. Extract produced
from Ascaris suum, a nematode parasite, induces
allergic bronchial asthma and systemic anaphy-
laxis in dogs.''*'>  The culture fluid of Ascaris
suum larvae stimulates a specific blastogenic
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response in lymphocytes obtained from Ascaris
suum-infected swine.”> ASE contains eosinophil
and neutrophil chemotactic factors,m and
inhibits human blood clc:'tting.14

The current study reports that ASE contains
a mitogenic factor affecting human lymphocytes
in addition to allergenic properties.

MATERIALS AND METHODS

Preparation of ASE. Ascaris suum obtained from
‘a slaughterhouse were thoroughly washed in
physiological saline and distilled water and
then lyophilized. The dried worms were minced
and homogenized in Dulbecco’s phosphate-
buffered saline (PBS, pH7.4). The homogenate
was stirred for 24 hours and centrifuged at
12,000 x g for 30 minutes at 4°C. The super-
natant was used as ASE. The protein concentra-
tion in the extract was determined by Lowry’s
method.!®

Lymphocyte separation and fractionation.
Lymphocytes were separated from peripheral
blood of healthy donors, according to Boyum’s
method,'® using Ficoll-metrizoate (Lymphoprep,
Nyegaard and Co., Oslo). The cells were sus-
pended in RPMI-1640 supplemented with 20%
autologous plasma and 1 mM glutamine. T and
non-T lymphocytes were fractionated by the
method of Sakane and Green.!” Monocyte-
depleted lymphocytes were suspended in Hanks
balanced salt solution (HBSS). The suspension
and neuraminidase-treated sheep red blood cells
(SRBC) suspended in fetal bovine serum were
mixed. The lymphocyte-SRBC suspension
was incubated on ice for one hour, and then
harvested and layered onto Lymphoprep. After
centrifugation at 350 x g for 30 minutes at 4°C,
the pellet fraction and unrosetted cells at the
interface were collected separately. To remove
SRBC from T lymphocytes, pellet cells from the
Lymphoprep gradients were mixed for several
seconds in one volume of HBSS and two volumes
of distilled water. Separated T and non-T
lymphocytes were washed three times in HBSS
and suspended in RPMI-1640 supplemented with
20% autologous plasma and 1 mM glutamine.

Lymphocyte culture. Cells were added to micro-
titer wells (round-bottom type, NUNC) in 200 ul
volumes containing 2 X 10° lymphocytes in the
presence of either 7.6 ug/ml phytohemagglutinin
(PHA, Wellcome Res. Lab), 11 ug/ml pokeweed
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mitogen (PWM, GIBCO), varying concentrations
of ASE, or PBS 10ul. The cultures were made
in triplicate and incubated at 37°C in a 5% CO,
incubator for two to eight days.

Measurement of [3 H]-thymidine incorporation.
An index of DNA synthesis of lymphocytes
was determined by the incorporation of
[*H]-thymidine, according to the method of
Kolberg and Sletten.'® The lymphocytes were
pulsed with 1uCi of [*H]-thymidine/well
(5 Ci/mmole, The Radiochemical Center,
Amersham, England) for 17 hours, then were
washed and harvested onto a glass fiber filter.
The relationship between the time of exposure
and incorporation of radioisotope was examined
and 17 hours of exposure was found to be
optimal. Radioactivity incorporated into the
cells was measured with a liquid scintillation
counter (LCS-671, Aloka).

Column chromatography. Five milliliters of ASE
(2 mg protein/ml) was applied to a Sephacryl
$-200 column (2.5 X 77 cm) equilibrated with
PBS and eluted by the same buffer. The eluate
was collected in 7-ml fractions at a flow rate of
53.4ml/hr. The protein concentration in each
fraction was determined by absorbance at
280nm. The molecular weight was calibrated
with the aid of marker proteins, cytochrome c,
chymotrypsinogen A, egg albumin, and bovine
serum albumin (Boehringer Mannheim).

Homologous passive cutaneous anaphylaxis (PCA)
test. This test was conducted according to the
method of Strejan and Campbell® to detect IgE
antibody responsible for immediate-type antigen-
antibody reactions. Male Sprague-Dawley rats
weighing 200-250 g were immunized subcutane-
ously with 1 mg protein of ASE and intraperito-
neally with 3 x 10' Bordetella pertussis. Booster
immunization was given subcutaneously with
0.1 mg protein of ASE seven days later. Anti-ASE
serum was obtained 14 days after the first
immunization. The challenge was given 24 hours
after the sensitization of the rat back skin by
the diluted anti-ASE serum. Each test solution
of 0.1ml was injected intradermally on the
sensitized skin site and 1ml of 0.5% Evans
blue solution was injected intravenously. One
hour after the challenge, assessment of this test
was made by measuring the Evans blue leakage,
and was expressed as units of square millimeter.
The area was determined by multiplying the
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longitudinal diameter (mm) by the horizontal
diameter (mm) of the blueing round.

RESULTS

Lymphocyte stimulations by ASE, PHA, and
PWM. Table 1 shows the [®H]-thymidine
incorporation induced by the exposure of
lymphocytes to 100ug protein/ml of ASE,
7.6 ug/ml of PHA, and 11 ug/ml of PWM. PHA
and PWM were used as standard mitogens to
determine the effect of ASE and a mode of ASE
action, since PHA acts on T lymphocytes (the
effect is observed on the second day of this
culture system), and PWM acts on both B and
T lymphocytes (on the fifth day). The effect
of ASE was compared with those of PHA and
PWM both in two- and five-day cultures. ASE
stimulation, in the two-day culture, was very
weak compared with other two mitogens of
PHA and PWM, although it was stronger than
the PBS-added control group. ASE had a marked
stimulatory effect which is equivalent to that of
PWM in the five-day culture.

MEEE (mm) (ZBEEE (mm) 2 8 U CHEHALZ N E
b =

w OB

ASE, PHA BRUF PWM ICE&B U D /NBRFIM. #11k
100 g protein/ml @ ASE, 7.6pg/ml ¢ PHA A (f
Nug/ml @ PWM (2 & g3 s h 5 » 3RO
(PCH)F 3 ¥ vW 0 iAA %R+ . PHA & PWM 4,
ASE o R e ERMA2WE TS0~ 1 b
VrzrEeLTHwH R 2OHEAET PHA ET ) » /¥
RIERL(COEBE AT ATIERZAOA IZsh R
MEEasns), PWMEBY » /SR & T v /N HdD
WACERT 2 (SHEIZORABESLS) 26T
H5. ASEOZRIT2 O MIERE U S &0
i PHA RO PWM b B & bhli L 20 2 I
W4T ASE 12 X Al PBS M AEETE L 0 &
HMir oA, PHA & PWM O -2 0 5 2R A &
g+ s etmb Ty, ASE XS HMIEET
i3, PWM oo il i ah S 12 42 5 5 & W 2 sl 4 4
Vo R 5

TABLE 1 LYMPHOCYTE STIMULATIONS BY PHA, PWM, AND ASE
#z 1 PHA, PWM E U ASE |2k 5 ) /7 8kl

[31-!] -Thymidine incorporation

cpm/2 X 10° cells

Mitogens
Two-day culture Five-day culture
PBS 10 ul 584+ 183 2382 = 1070
PHA 7.6 ug/ml 110906 * 34489 56527 £ 2249
PWM 11 ug/ml 39796 £12171 92693 £ 10070

ASE 100 pg protein/ml

1994 +

731 79324 £10331

Lymphocytes (2 X 10° cells/well) were incubated with PHA, PWM, and ASE in a
37°C, 5% CO, incubator for two and five days. Culture was made in triplicate for
each experiment and pulsed with 1uCi of [3H]-thymidine 17 hours prior to
harvest. The data represent the mean * SE of five experiments.

oy sER( 2 X105 cells /well ) 12 37°C, 5% CO, HH iR 8 O ¢ PHA, PWM R U ASE &
FHLIZZ2HMRERUSHMA ¥ Fa~x— P LA BRIZEBICHDEIMTH, HMEEN
7o Mz (CH) F 3 ¥ ¥ 1.Ci T/ALAFW LA, 7~ 2155 MOEBROT 5+ F L

BT

Time-course of lymphocyte stimulation of ASE.
Lymphocyte stimulation by ASE was observed
over the culture period of two to eight days.
[*H]-Thymidine incorporation induced by ASE
increased with culture time, showing a peak in
the five-day culture and decrease in the seven-day
culture. The stimulation effect of PWM decreased

ASE @ 1) > NERFHORFEAVER. ASE 2k 3
Uy sSERI A 2 ~ 8 H o B 28 A P R L
ASE #% % [PH) F 3 ¥ v U0 3A & 13 BE SRR 0 s
cEbIzHmL, BRSHATY -2 LA %
LT7HETCHED K CA. PWM o fl#h F1,
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immediately after a maximum increase in [*H]- BBRADHIZCHIF 3 ¥ > M0RAS D A2 % b
thymidine incorporation in the four-day culture FOHRICTLAIL). ASE (£48 12 12 %0 8 % 58580
(Figure 1). ASE seemed to develop its effect

slowly. tT5&H1c8hinz.

FIGURE 1 TIME COURSE OF LYMPHOCYTE STIMULATION BY ASE
Bl ASE (24 5 > 2 SERE SO I B 4258

12|'

10

[3H] -Thymidine Incorporation (x10% cpm/2x10° cells)
®
T

PBS Control

Culture Day

Lymphocytes (2 X10° cells/well) were incubated for each culture time with ASE 100 ug
protein/ml, and PWM 11ug/ml. The culture was made in triplicate for each person and pulsed
with 1 uCi of [ H]-thymidine 17 hours prior to harvest. Each point represents the mean *SE
of four experiments.

v SER(2 X10% cells fwell ) 13 ASE 100 g protein/ml & 08 PWM 11 g /ml & & & 12 # K5 2050
{frdFanN—tL7z BBEEHEREIIDE3HTIITL, aJIIJldf«J[UfII.II foirts (GHl1+ 3 & 5
LpCi T8 AL 72, B A4 O BRSO T+ a4 4.

Correlation between ASE concentration and ASE B & U 2 /vBRE & OB/, ) v Rk KE
lymphocyte stimulation. To detc?rm.me whether BE DY Y SERIZ AT B ASE 0 a5 %1 4 5
the response of lymphocytes is induced by

the mitogenic effect of ASE on the cells, this LEoTHERENIOIEIDEWNNSL DI, F
experiment was done. In concentrations ranging EEE AT - 7. ASE 12 12.5~100 tei | o
from 12.5 to 100 ug protein/ml, ASE was tested KReT - L. l ’ FE prolein/m
for the lymphocyte stimulating effect in the WEEET, D HMEEH D) v SR Rz TR E
five-day culture. As shown in Table 2, ASE L7, #E210RT L9 10, ASE 2k 4 (3H)
mduced a concentration-dependent mcreasc in

[*H]-thymidine incorporation. FIVMNALBINEEFGL 2.
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TABLE 2 CORRELATION BETWEEN ASE CONCENTRATION
AND LYMPHOCYTE STIMULATION

#2 ASEG#REE &Y v SERBIEO Mo M

Concentration
pg protein/ml

[3H] -Thymidine incorporation
cpm/2 X 105 cells

0 2847+ 804
12.5 37418 £ 16955

T 25 57144 £ 14690
50 69145 £ 14463
100 85506 18350

Lymphocytes (2 X 10° cells/well) were incubated with each con-
centration of ASE. Culture was made in triplicate for each ex:}:eri-
ment, incubated for five days, and pulsed with 1uCi of ["H]-
thymidine 17 hours prior to harvest. The data represent the mean
+ SE of five experiments.

)2 SER( 2 X105 cells fwell ) IX BRI D ASE S & 624 » % a~— |
Lz, BRI EERIIDE IMETIV, SHMA »da~x—FL, #lln
FIToE Mz CH F 3 ¥ > 1uCi THALABMKRL AL, F—5E5M O

FEER O+ FRE IR & T

Selectivity of ASE lymphocyte stimulation for
T and non-T lymphocytes. In the cell prepa-
rations containing both T and non-T lympho-
cytes, ASE produced an effect equivalent to
that of PWM in the five-day culture (Table 1).
Selectivity of ASE effect on T and non-T lympho-
cytes was then determined. Table 3 shows
that lymphocyte-stimulating activity of ASE
was more dominant with T lymphocytes than
non-T lymphocytes in the five-day culture,
while no selectivity was observed in the two-
day culture.

Heat-stability of ASE. ASE was adjusted to
2 mg/ml in protein concentration and stored at
—20°C, 4°C for seven days, 20°C for two days,
56°C for 30 minutes, or in boiling water for
one minute. Each ASE sample at a concentration
of 100 ug protein/ml was added to lymphocytes.
Lymphocytes, stimulated with ASE samples
preserved at 20°C, 56°C, and in boiling water,
incorporated 10%-27% less [ H]-thymidine than
those stimulated with —20°C ASE samples.
The 4°C ASE sample had the same stimulatory
effect as the one kept at —20°C.

TULHEBRBRUETY L NEICHT S ASE U > /¥H
RUMOBEIRME. T vk EIET Y ¥/ EROM F %
GEpatEA T, ASE 35 HMKE®RT PWM ©
MREFEHEOMEER LA (FL). 22T » 8
BREIET Y »/8BR123E T 5 ASE 40 B4R & Biid
L. %312, ASE @) ¥ /SERBI#GEYE A° 5 1 fil
FERETIEIET ) v 28R E DT Y v /8B RIzxf LT
MTHy, —4H, 2HHMEETIE LA S ERMED
MEshhh-rl b idRT.

ASE MR TEM. ASE # HE I IT#E 2mg/ml (2
gL, —20°C, 4°CT7HM, 20°C T 2 0 M,
56°C T304k, & AVIiEiplEkh Tl aHEO
ALEE% | 7=, 100 g protein /ml OIEN & ASE 4
) oSERIZEEML A2, 20°C, 56°C B UFilh HiE A b
MEL ASE THlilld s nud ) »ovEkiE, —20°C
D ASE Tl s haY ¥ 85k bk BHYF 39>
HL N AHZAL0% ~27% 4 % dp - /o, 4°C PR ASE (L,
—20°C T11F & h 2= ASE & [A 74 1% o ) eh B &
AL TV
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TABLE 3 SELECTIVITY OF MITOGENIC EFFECT OF ASE
ON T AND NON-T LYMPHOCYTES
#3 T Y/ SEREUIET ) v S5z + 3
ASE o) # o o5 SR 58 2 S o R

[ : H]-Thymidine incorporation

cpm/2 X 10% cells

Mitogens .
Two-day culture Five-day culture
PBS 10ul
T 853+ 349 1448 £ 243
Non-T 984 £ 346 1527+ 270
PHA 7.6 ug/ml
T 62951 £16605 102957 £ 32515
Non-T 15511 £ 7133 68413 £ 12745
PWM 11 pg/ml
T 14887 £ 3318 12130 2602
Non-T 9123 = 2601 57627 = 7520
ASE 100 ug protein/ml
T 2912 £ 1464 47909 £21581
Non-T 2859t 715 19078 £ 9547

T: T lymphocytes; Non-T:non-T lymphocytes

T: T 438k non-T:

Lymphocyte preparations (2 X 10° cells/well) were incubated with PHA, PWM, and
ASE for two and five gays. Culture was made in triplicate for each experiment and
pulsed with 1 uCi of ["H]-thymidine 17 hours prior to harvest. The data represent

the mean % SE of three experiments.

VX SEREE AR (2 X105 cells fwell )12 PHA, PWM B UFASE & = L0122 1RSS5 1110

{ 7% a~N=p L WHREREEBRIISE

Column chromatography of ASE. ASE was
separated into four protein fractions by Sephacryl
S$-200 column chromatography (Figure 2). The
fractions were designated as Peaks I, II, III, and
IV in the order of their elution from the column.
In the first half of Peak [, lymphocyte-stimulating
activity was especially evident (fraction numbers
28-40). The other three peaks showed little
activity. In the rat PCA test, the latter half of
Peak I induced a positive reaction (Figure 2).
No PCA-inducing activity was observed in the
first half of Peak I nor in Peaks II, III, or IV,
By calibrating molecular weight, Peak 1 was
found between bovine serum albumin (MW
68,000) and cytochrome c¢ (MW 12,500).
Molecular weights of other peaks were less than
10,000.

S8 el T
1aCi T/ANL ABML . 57— 7133 @ kRO T+ i

B R 170 WAz (BH) + 2 v
Kk det.

ASE MAZ L0~ 757 4—. ASE | Sephacryl
S-2004 54703 5774 —12X0MN>DER

OELOICE—-21, O, DEVCNEMfisnik.
Vo BRI BOEME R — 7 T ORISR T
Tdh o (Ml #528-40). 2N =2 — 7
B RIELALTREL 5. 79 O PCA &Kk
T, =7 IO@REHPIIMERIGER LA (H2).
¥—r Iopirkds, -2 10, DEUNTIE PCA
FRIEMEE BB sk HTFRIBEIC
£, FMmif7 e 7y (MW 68,000) &F |70 A
c (MW 12,500) oz —27 I g s h . 20
e — 2 @5 - hEid10,0000), FTH - 7.
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FIGURE 2 GEL FILTRATION OF ASE ON SEPHACRYL S$-200
2  ASE @ Sephacryl S-200(Z & % 47 Vi@

0.5 -

04 |-

Absorbance at 280 nm

[3H] -Thymidine Incorporation {x10% cpm/2x107 cells)
—e

Tube Number

PCA Activity JJL L )L ) J
(mm?2) 0 0 96 156 ] 0 0

Five milliliters of ASE (2 mg protein/ml) was applied to a column (2.5 X77 cm) equilibrated
with PBS. Elution was carried out with PBS. Fractions of 7 ml were collected. Bovine serum
albumin, egg albumin, and cytochrome ¢ were eluted at tube numbers 29, 33, and 42,
respectively. The 10ul aliquots of the eluates were used for the test of [3H}-thymidine
incorporation into lymphocytes. The samples tested were not fixed with the amount of
proteins. The other 10 ul of aliquots were used for PCA. Units were expressed as mm?

which was calculated by multiplying
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DISCUSSION

In this study, ASE induced a remarkable incorpo-
ration of [3H]-thymidine into human lympho-
cytes. The effect of ASE was almost as large
as that of PWM in the five-day culture, although
the response developed more slowly than with
PWM. Table 3 obtained from the experiment
using T and non-T lymphocytes showed that
ASE stimulates T lymphocytes more than non-T
lymphocytes. However, the mode of stimulating
action of ASE was different from that of PHA,
and also from that of PWM. ASE developed its
stimulating action on T Ilymphocytes more
slowly than PHA. The effect of ASE on non-T
lymphocytes in the five-day culture was weaker
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than that of PWM, whereas the effect of ASE
on lymphocytes containing both T and non-T
lymphocytes was equivalent to that of PWM.
ASE is assumed to contain a mitogenic substance
which stimulates predominantly T lymphocytes
with a mode of action different from PHA.
Ballet et al® reported on parasite-derived mito-
genic activity of human T cells in Plasmodium
falciparum continuous cultures in which T cells
were the predominant target cells of this mito-
genic activity. Soluble egg antigen of Schistosoma
mansoni has been reported to activate antigen-
specific suppressor cells.?®  Dominant stimu-
lations of parasite-derived mitogenic activities
on T lymphocytes might be related to this cell
type, necessary for the immunity during parasite
infections.

Peak I from Sephacryl S-200 column chromatog-
raphy showed the molecular weight ranged from
12,000 to 68,000, and had two kinds of activities,
i.e., lymphocyte-mitogenic activity in the first
half of the peak and rat PCA-inducing allergenic
activity in the latter half. Allergenic components
of Ascaris, Nippostrongylus, Toxocara, and
Toxocara canis have been reported to be proteins
having a molecular weight of 10,000 to 50,000.%!
Fractionation and characterization of the
allergenic component of Ascaris have shown the
allergen fraction to be a glycoprotein with
molecular weight of 12,000 to 14,000%%23
Peak I, obtained through column chromatography
in the present study, appears to be similar to
that allergen fraction.?*®  On the other hand,
the fraction containing lymphocyte-mitogenic
activity seemed to be composed of larger
molecular weight substances than the allergen
fraction. These data indicate that ASE contains
both an allergen and a mitogen and that these
two appear to be separable and different
substances.

Nematode infections induce IgE-mediated hyper-
sensitivity in man and animals.? Suemura
et al®*?%  demonstrated that a soluble IgE-
potentiating factor is derived from T lymphocytes
of Nippostronglylus brasiliensis-infected rats and
that this factor selectively promotes differenti-
ation of IgE-bearing B lymphocytes. ASE
lymphocyte-mitogenic factor is also assumed to
be involved in IgE production which is caused
by Ascaris suum infection. The factor might
stimulate T lymphocytes to increase the number
of cells which recognize Ascaris and transmit the
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information to B lymphocytes, which results
in amplified transmission of the information
to B lymphocytes and in a high level of IgE
production. Whether ASE mitogen acts on
subpopulations of T lymphocytes unlike PHA,
and whether the mitogen is a segment or polymer
of the allergen might be clarified by future
studies, if the individual components are isolated
and purified. ASE mitogen is expected to be
used as a tool for clarifying IgE production and
its related immune phenomena.
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