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Antitumor and Immunological Effects of Bovine Thymic Extract.

Yong Za Chung'' Gi Tae Hong' and Hyun Ok Jung?
‘Dept. of Biochemistry, College of Pharmacy, Kyung-Sung University. Pusan 608-020, Korea
“Korean Cancer Reserch Institute, Pusan 608-020, Korea
{ Received Jan. 20, 1992)

Thymic extract showed antitumor effect to sarcoma mice with higher dose(200pg/mouse/day,
i.p., 4weeks) but not with low dose(Spg/mouse/day, i.p., 6 wecks). Direct cytotoxicities were
exhibited against sarcoma 180, 1.1210 and MOLT-4 by MTT assay. The spleen weight of mice
were increased but the number of circulating lymphocytes were not increased after long-term(2
weeks) administration of thymic extract. Evaluating the mitogenesis by MTT assay, % absorba-
nce of human lymphocytes was not increased by thymic extract. Cell cycle statistics of S phase
and Gz/M phase was not increased in the presence of that by PI staining. The formation of
rosette was induced, irrespectively of exposure time short-term(1 hour) and long-term(2 weeks).
The population of mouse blood T-cell to bind Lyt2-antimonoclonal antibody and 1o L.Ts were
increased after administration of thymic extract(2-200 pg/mouse/day).

From the above results, it is suggested that thymic extract exerts antitumor activity by stimula-
ting T cells 1o differeniate in vivo but not in vitro.

INTRODUCTION

Mature and functional T-lymphocytes arise in
the thymus. Their precusors, pre T-cells is origina-
ted in the bone marrow and settled in the cortex
of the thymus. These cortical cells of the thymus
of mouse are affected by thymic lymphocytopoietic
factors and express three antigens called Lyt anti-
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gens and other.

The purpose of this experiment is to test antitu-
mor activities of prepared bovine thymic extract as
anticancer drug. Its antitumor activities were eva-
luated using MTT assay and cell cycle analysis by
flow cytometry. And furthermore, it is intended to
compare the biological characteristics of bovine thy-
mic extract.



EXPERIMENTAL

1. Used meterial and reagents

Concanvalin A(Con A) ! Sigma Co., Propidium
iodide(PI), RPMI 1640 3-(4, 5-dimethyl thiazol-2,
5-diphenyltetrazolium bromide(MTT.) @ Sigma
Co., Wright’s solution : Mutopare Chem. Co., Lyt
- FITC, L;T+ PE ! Coulter. etc.

2. Preparation of thymic extract

Bovine thymus had been thawed and trimmed
free of adipose tissue. 1 kg of thymus was homoge-
nized in 1 liter of normal saline in a warming blen-
der. The homogenate was heated with stirring to
80T in boiling water bath and freezed rapidly to
-20C repeatedly. This solution was centrifuged at
800 g for 30 minutes at 4C. The supernatant was
filtered through Miracloth and subjected to ultrafil-
triion(M.W., 1,000-10,000 by molecular sieving
method) at room temperature in an Amicon 8050.
The portion of m.w. 1,000- 10,000 was collected, co~
ncentrated by rotary evaporation under reduced
pressure and dried by lyophilization. This material
was stored and used routinely in this experiments.”

3. In vivo antitumor activity

In order to test in vivo cytotoxicity of thymic ext-
ract, male ICR mice were used. Sarcoma 180 cells
were harvested by brief treatment with trypsin-
EDTA and then maintained in abdominal cavities
of mice by intraperitoneal transplantation of 2X 10*
cells/mouse of every 7 to 10 days. At first day, mice
weighing 18-22 g were inoculated with 3> 10° ce-
lis/mouse. Thymic extract(5ug/ml and 200pg/ml)
or normal saline were injected intraperitoneally
once a day for 4 weeks. The survival of treated sar-
coma mice and the growth of tumor were observed
carefully during 6 weeks. At sixth week, sarcoma
mice were decapitated and their tumors and spleens
were weighed.

4. Cell Lines
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The following cell lines were used to test cytoto-

xicities of thymic extract. Molt-4 is a suspension
culture derived from the peripheral blood of acute
lymphoblastic leukemia patient. It is reportedly a
stable T-cell leukemia.” Its doubling time is 20-22
hours.
L.1210** is lymphocytic mouse leukemia and grows
in suspension culture. The cells exhibit a doubling
time of 8-10 hours and grow as stationary suspen-
sion cultures or spinner cultures. Sarcoma 180> was
derived from Swiss Webster Sarcoma 180ascites. Its
doubling time was 16-17 hours. These cell lines
have been used cxiensively for routine screening
programs of chemical agents and natural products
for cytotoxic activity. These are also utilized in pre-
liminary testing for antitumor acrivity in cancer
chemotherapy screening studies.®

5. Preparation of lymphocytes

1) Human lymphocytes

Human lymphocytes were prepared from Isopa-
que-Ficoll(IF) density gradient centrifugation me-
thod which had been established by Buyum” @ 10ml
of heparinized blood was centrifuged for 10 minutes
at 600X g. The leukocytes layer resting on top of
erythrocytes pellet was removed(l ml) and mixed
with 1 ml of the colloidal iron suspension. The mix-
ture was incubated in a shaking bath at 37C for
30 minutes. After 30 minures, the cell suspension
was mixed with equal volume of PBS and 4-6 ml
was layered on top of 3ml IF solution and centrifu-
ged. An almost pure suspension of lymphocytes was
obtained from the interface.

2) Mouse lymphocytes(splenocytes)

The splenocytes of mice was prepared as descri-
bed below.?’ The spleens of ICR mice were removed
and put in a Petri dish containing a few ml of me-
dium(Dulbecco” s phosphate-buffered saline contai-
ning 2% bovine serum). The spleens were cut and
gently disrupted. The large aggregated cells could
be partly dissociated by repeatedly sucking up and
down into a Pasteur pipette. Finally, the suspension



g =@E2 HME S4 U ZJo o|Xs IE
was filtered through a very loose pledget of absor-
bent cotton-wool and the absorbent was washed th-
rough with a few ml of fresh medium. Erythrocytes,
contaminants in the splenocytes suspenison. were
removed by treatment of 0.83 w/v% amonium chlo-
ride. Most of macrophages and granulocytes were
also removed by drawing the cell suspension into
a syringe which was been loosely prepared with
glass wool. Dye exclusion tests(Trypan blue, 0.5% )
were routinely performed on cell suspension. Prepa-
red splenocytes suspensions contained approxima-
tely 90% viable ceils.

8. Celi culture

The medium used in this experiment was RPMI
1640 medium supplemented with heat-inactivated
fetal bovine serum(FBS, 10% ), NaHCO;(0.075% ),
glutamine(2mM) and antibiotics(100 units/ml of
penicillin G and 100 pg/ml of streptomycin), and
abbreviated to R10 medium.>'®

The preparedlymphocytes and cell lines were cul-
tured in a humidified incubator maintained ar 95%
air ! 5% COaat 37C

For the cytotoxic studies, cells used in all experi-
ments were in the exponential phase of growth and
maintained at 37C in growth medium.

7. MTT Assay

As an in vitro system for the screening of potency
on cytotoxicities of thymic extract, MTT colorimet-
ric assay was taken. This is depedent on the cellular
reduction of MTT by the mitochondrial dehydroge-
nase of living cells to a blue MTT crystal of forma-
zan which can be measured spectrophotometrically.
1113 As shown in Fig.1, there is a good correlation
between absorbance by MTT assay and the number
of living cells. Percentage of control absorbance was
considered to be the surviving fraction of the cells.
Single cell of MOLT-4 and 1.1210 or Sarcoma 180
enumerated under a hemocytometer. The statistica-
lly counted equal number of cells were inoculated
into 96 wells in 0.19m! of RI0 medium, to which
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0.01ml of 20X concentration of thymic extract, or
PBS was added. Following appropriate incubation
of cell, 0.1mg(50p! of 2 mg/ml) MTT was added
to each well and incubated at 37C for a further
4 hours. Plates were centrifuged at 450Xg for 5
minures on a plate holder and then the media was
aspirated from plates. 150 ul of dimethyl sulfoxide
was added to cach well. The plates were placed on
a shaker for 10 minutes to solubilize the bluecrys-
tals and then read the absorbance immediately at
540 nm on a scanning muliiwel spectrophotometer
(enzyme-limked immunosorbent assay reader).
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Fig. 1. Correlation between absorbance and the number
of cells. MOLT-4, y=3.90 x-11.27(x : logarithmic va-
lue, relation coefficient, r=0.871, the number of samp-
les, n= 6, probability, p{0.05) : L1210, y=3.71 x-10.94
{r=0.842, n=22, p<0.05) ! Sarcoma 180, y=1.69 x-4.
84(r=0.908, n=10, p<0.05).

All data obtained were the mean of minimum of
3 wells. Decrease in percentage of control absorba-
nce is considered to denote the cytotoxicity against

the cells. For the proliferation of lymphocytes,



MTT assay had been intended to measurc the cha-
nge of the lymphocytes number following administ-
ration of thymic extract. However, it was almost
impossible to detect the precise alteration in absor-
bance because minor change showed no significant
difference statistically.

8. Wright’s staining for microscopy

The change in whitc blood cells of mice preuca-
ted with thymic extract for 2 weeks was examined
by Wright's staining as follows."'" 2 drops of the
blood from cach mouse was smeared on the slide
for 1 minute. 2-3 volumes of buffered distilled water
was added 1o the slide with care 1o avoid washing
off the stain, and left for S min, and then washed
off, and dried on the air. The white Llood cells on

the slide was cnumerated under microscope( X< 400).

9. Cell cycie aralysis by flow cytometry

The mitogenic activity of thymic extract to lym-
phocytes were estimated by cell cycle analysis using
the modificd technique described by Crissman and
Steinkamp.'®’ After 2-days culture, were fixed in 70
% ethanol for 1 hour and then stained with propi-
dium jodide(0.1 mg/ml in citrate buffer solution,
pH 7.6) in the presence of RNase(0.5 mg/ml).

Red DNA fluorescence of lymphocytes was mea-
sured using a FACS 440. 488nm linc of an argon
laser operating at a continuous output of 200 mW.
Cell cycle analysis by DNA distribution was com-
puted.

10. Evaiuation of rosette formation

The splenocytes were obtained as described above
for preparation of mouse lymphocytes. The cells
were sospended in Hank's solution for counting
and diluted to a concentration of 5X10° cells/ml.
20 ml of sheep blood was drained intc 100 ml of
Alservier’s solution. The blood suspension was di-
luted with 5 volumes of Hank’ s solution and cent-
rifuged at 500Xg for 10 minutes. After the blood
pellete was washed with Hank”s solution, erythroc-
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ytes suspension was adjusted to a concentration of
1.8 X 10¥ cells/ml in Hank's. solution.

0.1 mi of splenocytes suspension(5X10%ml) and
0.05 ml of heatinactivated fetal bovine serum were
added
sheep’s erythrocytres suspension(1.8X10*/ml). Fo-

in separation tube containing 0.1 ml of

llowing incubation on water bath of 37C for 5 mi-
nutes. this mixture was centrifuged at 200Xg for
5 minutes and left at 4C for 2 hours. 0.1 ml of
glutaraldehyde solution(0.8 w/v%) was mixed to
each tube and stood of 20 minutes. After Giemsa
staining, the cells was resuspended by gentle x"otary
agitation and the number of rosette forms of sple-
nocytes on slide was counted under microscope{( >
400)."

11. Immunofluorescence staining for detection
of surface antigens

This technique is based on the fact that cells ha-
ving specific membrance antigens are detected by
treating a cell population with monoclonal antibo-
dies conjugated with fluorochromes.™”” It was used
to examine whether the change in peripheral lym-
phocytes by long-term administration of thymic ex-
tract occurs or not and its relation to vivo antitu-
mor activity.

The surface marker proteins to act as antigens
vary in different member of the same species and
different species. Among these, the mouse 1.3T4(m.
w., SSKD) antigen and Leu 3a monoclonal anti-
body of human helper T lymphocytes is equvalent
to the glycoprotein recognized by T., and anti-
mouse Lyt2{m.w., 35KD) and Leu 2a of human
cytotoxic/suppressor T lymphocytes by T

Through simultaneous 2-color analysis by flow
cytometer, the cells can be easily identificd with re-
cognization the determinants by one antibody con-
jugated FITC and the other antibody labeled with
PE.” The flow cytometer. FACS 440, is equipped
with standard filters to detect simultaneously emit-
ted light at 530 nm(FLI, FITC, green) and at 585
nm(FL2, PE, orange).
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At long-term administration the whole blood sa-
mples were obtained from mice to which had been
administercd with 5-200 pg/mouse/day of thymic
extract and control mice with normal saline for 2
weeks, and erythrocytes were removed by treatment
with hemolysis solution{ammonium chloride, 0.83
w/w % ). Each 10 upl of FITC-and PE- conjugated
reagents(anti-mouse Lyts~FITC and anti-mouse L.
3T4-PE) was mixed in about 200 pl of samples su-
spended in PBS. After 30 minutes, these samples
were washed with PBS twice and resuspended. Bin-
dion to single leukocytes suspension(5X10° cells/
ml) was analyzed by FACS440

Results and Discussion

1. In vivo antitumor activity of thymic ext-
ract

The antitumor activity of prepared thymic extract
was evaluted using sarcoma mice which were ino-
culated in left groin subcutaneously. When admini-
stered with 5 pg/mouse/day, the growth of tumor
was not to be affected, comparing with the control
as shown in Table. 1. In higher dose of thymic ext-
ract of 200 ug/mouse/day, it was observed that at
first wumorigenesis was similar 1o the control but
the growth was rerarded and at last the tumor was

Table 1. Effect of thymic extract on tumor and spleen weight of 6 week-Sarcoma mice.

group injected dose body weight tumor spleen
(ug/mouse/day) () ()
Control, vehicle* 27.5+2.3(7) 5.61+2.50 0.37+0.07
Thymic extract. 5 23.0+2.7(6) 5.944+2.22 0.36+0.07
200 29.9+1.4(4) 0 N.D.

*, noraml saline, 0.1 ml/mouse/day.
N.D., not determined.

The number in parenthese means the number of sarcoma mice used in this experiment.

A

B

Photo. 1. Presentation of antitumor effect of thymic extract.

A. Sarcoma mice of the control group which were injected with normal saline instead of thymic extract bore tumor
4 week after inoculation of Sarcoma 180(3X 10%mouse, s.c. in left groin). “+« " indicates the growing tumor.

B. Sarcoma of mice was disappeared and a spot of hairless remains in the left groin of mice. Mice were anesthetized

with thiopental sodium(80 pg/kg).



disappcrced 4th weck, remaining hairless spot, repre-
sented in Photo. 1. This result is in agreement with
that neonatally thymectomized animals strikingly
unhealthy and slow and apparent deterioration of
cell-mediated immunity was progressed in thymec-
tomized adult animal. The analytical findings are
required to be added further by detailed investiga-
tion.

2. In vitro cytotoxicity of thymic extract

The direct cytotoxicity of thymic extract was es-
timated by comparing absorbance to the control
which was cultivated without thymic exiract. Fig.
2. shows that the absorbance of Sarcoma 180, LI210
or MPLT-4 culuured in medium containing thymic
It
means that thymic extract exhibits no direct cytoto-
xicity. However, in the case of MOL T-4, the absor-

extract was not decreased dose-dependently

bance was lower than the others, irrespectively of
administered dose.
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Fig. 2. Cytotoxicity of thymic extract on the prolifera-
tion of Sarcoma 180(@), LI210(M) and MOLT-4
(A). Absorbance was measured by MTT assay during
incubation of 3 days at various concentrations, and co-
mpared with that the control which cultivated in the
absence of any lectin or thymic extract. Each value
denotes the mean + standard error.
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3. Alterations in peripheral lymphocytes and
spleen of mice after long-term administration
of thymic extract.

Following injection of thymic extract of 5 ug/
mouse/day for 2 weeks, whole blood was obtained
and spleen was weighed. The leukocytes on cach
slide stained with Wright's staining solution was
compared with the control to be injected normal
saline instead of thymic extract. As shown in Table
2, there was the significant increase in weight of
spleen but not in number of peripheral lymphocytes
by does of 50 ug/mouse/day. Although the weight
of spleens after long-time administration were inc-
reased, the amount of spleen per g of tissue was
not changed by treatment of thymic extract.

Long-term treatment of thymic extract accelera-
ted the enlargement of spleen significantly, burt its
enlargement did not provoke the increase in percen-~
tage of peripherat lymphocytes when tested with
Wright’s staining. Spleen is the second lymphoid
tissue whose structure serves to trap antigens and
lymphocytes. In this way, the cells capable of mou-
nting an immune response to an antigen brought
into close proximity with the antigen. Cell yields
from spleen vary depending both on induced and
Table llI. The changes in spieen weight and circu-
lating lymphocytes by long-term admini-
stration of thymic extract

thymic extract”
0.283+0.028(5) '

control group
0.172+0.017(6)

Spleen weight(g)

(Splenocytes/g) (1.51+0.10X10%) (1.52+0.21X10%
Lymphocytes® 83.5+1.0(4) 82.3+0.9(4)
(% of WBC)

Thymic extract{5 pg/mouse/day, *) was administe-

red intraperitoneally once a day for 2 weeks. The

number in parentheses means the number of micc

used in this experiment.

#, Determined circulating lymphocytes by Wright's
staining under microscopy.

*, Significantly different from the control, p<0.05
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background of immunization. So, the enlargement
of spleen could result from increased leve} of immu-
nity induced by thymic extract.

4. Evaluation of mitogenecity of thymic ext-

ract

To estimate the effect of thymic extract as a mi-
togen to lymphocytes, the absorbance of human ly-
mphocytes cultured in medium containing thymic
extract for 3 days was measured by MTT assay.
Thymic extract did not increase it and not does de-
pendently as shown in Fig, 3. It suggests that there
are not mitogenic activity in vitro condition or ra-
ther direct cytotoxic effects to lymphocytes.

Cell cycle statistics of human and mouse lym-
phocytes cultivated for 2 days followed by PI stai-
ning showed that S phase and G2/M phase were
increased in the presence of Con A, but not thymic
extract{Fig. 4) Thymic extract did notr show the
cheracreristics, which is to support the role as a sti-
mulating factor 10 lymphocytes in this culture test.
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Fig. 3. Effects of thymic extract on the proliferation
of human lymphocytes. Absorbance was measured by
MTT assay after incubation for 3 days at various con-
centrations and compated with that the control. Each
value denotes the mean i+ standard error.
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5. Rosette formation
ract

induced by thymic ext-

The mature Y lymphocytes carry receptors which
bind to determinants on the surface of sheep red
blood, forming a rosette. Such “E” roscttes not only
provide a convinient way to identify and count T
lymphocytes but a way to separate T lymphocytes
from B lymphocytes.

It was examined by counting E-roseties under
microscopy whether thymic extract can stimulate
the in duction of T-cell or not as shown in photo.
2. Table 3. reveals that thymic extract is able to
affect T-cells, even though with low concentration
of 5 pg/mouse/day in which growing tumor was not
depressed. When incubated with thymic extract for
1 hour, it was shown to be a also increased signifi-
cantly.

The increased in rosetie by treatment of thymic
extract in vivo and in vitro means that thymic ext-
ract is able to induce T mouse and human lympho-
cytes ta proliferate and differentiate.

Table Hll. increase in Z6 roselte of mice splenoc-
ytes by administration of thyrmic extract.

injected dose

control thymic extract
once a day for 2
weeks(i.p.)
Vehicle™ 20.8+3.5
5 ug/mouse 27.6+1.4"
20 pg/mouse B
.El;l;d;:}or 1 hr.
Vehicle* * 6.1+1.4
3 ug/ml 7.4+09
10 pg/ml 10.4£1.0"
30 ug/ml 8.8+1.1
100 pg/ml 103+1.1"

*, Normal saline, 0.1 ml/mousae/day

* ", Hank’s solution.

*

, Significantly different from the control, p(0.0S.
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Fig. 4. DNA configuration of human(A) and mouse(B) lymphocytes cultivated in the prescnce of thymic extract.
DNA content in lymphocytes was analyzed by flow cytometer(Becion/Dickinson, FACS440) as described in methods
and marerials. Effect of thymic extract(c : 10 ul/ml., d : 30 pl/ml., ¢ : 100 ul/ml) was compared with the control{a)
which was cultivated without any lectin or thymic exiract and that in the presence of concanavalin A(b : 10 ug/mi).
Vertical axis denotes cell number to be counted. Horizontal axis, relative DNA content.
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Photo. 2. Microphotogruphs showing typical "E” -Rosette(indicated) of a lymphocyte. The blood was drained from
the mouse administered with thvmic extract of 5 ug/mouse/day for 2 weeks and staind with Wright's staining
solution. Microphotographs of cells were taken using an inverted microscope(IMT-2, Olympus) equipped with a

camera(OM-10. Olympus).

8. Immunofluorescence staining for detection of

T-lymphocytes surface antigens.

Further, thesc induction by thymic extract could
be identified by the use of appropriate fluorescent
anti-monoclonal antibodies. Lyt2 and L3T4 surtace
markers were dectected using fluorescent anti-anti-
body binding method. Its measurement by flow cy-
tomerer represented as dot analysis(Fig. 5) and
% gated(Table 4). Among the peripheral T lym-
phocytes of mice of long-term(2 weeks) administra-
ton with 5-200 pg-mouse/day of thymic extract. the
population to bind Lyt2 antimonocional antibodv
and to 1.3T4 were increased significantly, suggesting
the increase in numbers of activated T lymphocytes.
This increase was more remarkable in % gated of
lymphocytes containing Lyt2-surface antigen(cyto-

woxic/suppessor T cells) than 1.3T4(helper/inducer
T cells).

19

From the above evidences. it could be summari-
zed that thymic extract exerts in vive antitumor ef-
fect via the potential stimulation of T lymphocytes.

Immunodeficiency states took place in thymecto-
mized animals. In fact, thymus has been reported
to produce the specific thymic hormoncs such as
thymosin and thymopoietin 1 and 2 and thymic fa-
ctors®™’, where immature thymocytes can mature
into functional T cells.” And, the utility of thymic
extract tested in tumor bearing animals was found
to be derived from the enhanced immunologic func-
tions of mature T lymphocytes by thymic extract.
I'his can be hopeful as an antitumor agent. further-
more, it its required to measure how much thymic
extract contains the acrual substances to suppress
Tumor.
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Fig. 5. Dot analysis for T lymphocyvte surface antigen by two-color analysis. FI.1 versus F1.2 dor analysis displays
while flow cyvtometer is adjusted for two-color analysis. Four distinguishable population were divided by dashed
line which separate negative from positive(1 | FL2 positive, 2 ! positive both FL.1 and FL2, 3 ! negative both L1
and FL2, 4! FL.1 positive). The lymphocytes were obtained from mice which thymic extract was administered
to for 2 weeks(A : control in the absence of thymic extract, B : S pl/mouse/day. ¢ © S0, d ! 200). % Gated of these
analyses were expresented in Table 4.

Table N. ZZGated of two-color analysis of mouse circulating T-cell surface antigen using anti-mouse mo-
noclona! antibodies after long-terrm (2 weeks) administration of thyric extract.

xnlected dose anti-mouse monoclonal antibodies
(pg/mouse;day) - e - Fama
B o - L3T4 o Lyt o 1.3T4/Ly12 _unbound
Vehicle ™ 23.4+9.5 16.5+4.4 10.3+6.4 49.7+10.3
s 27.0+6.5 33.0+3.5" 15.3+5.5 24.6+ 2.5
50 30.6+3.6 24.3+7.8 51+1.1 40.1+ 8.6
200 . 19.8+7.1 N 24_533.9' 21.6+3.7" 342+ 44

®, Unbound with ncither L3T4 nor Lyt2.
» Normal saline 0.1 ml/mouse/day.

- Significantly different from the control{vehicle injected), p<0.05.

20
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Summary

Thymic extract were prepared for testing their
antitumor and immunological effects. Thymic ext-
ract showed antitumor effect 10 sarcoma mice with
higher dose(200 pg/mouse/day, i.p., 4 weeks) but
not with low dose(5 ug/mouse/day, i.p., 6 weeks).
Thymic extract did not exhibit direct cytotoxicities
against Sarcoma 180, L1210 and MOLT-4 by MTT
assay. The spleen wecights and the number of sple-
nocytes of mice increased, but that of circulating
lyruphocytes did not after long-term(2 weeks) ad-
ministration of thymic extract. Evaluating the mito-
genesis to lymphocytes by MTT assay, % absorba-
nce of human lymphocytes did not increase in the
presence of thymic extract. Cell cycle statistics of
S phase and G2/M phase was increased in the pre-
sence of concanavalin a(10 pg/ml), but not thymic
extract(10-100 ul/ml} by PI staining. Thymic ext-
ract induced the formation of resette, irrespectivety
of exposure time, short-term{1 hour) and long-time
(2 week). The populations of mouse blood T-cell
to bind Lyt2-antimonoclonal antibody and to L3T4
were increased after administration of thymi extract
(5-200 pg/mouse/dav).

From the above results, ir is concluded that thy-
mic extract exerts antitumor activity by stimulating
T cells to differentiate in vivo but in vitro.
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