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ABSTRACT : To investigate the role of interleukin-14 (IL-18) in the embryonic development, in vivo and in vitro expression
patterns of IL-14 gene in the preimplantation mouse embryos were examined by RT-PCR, and the effects of explanted mouse ovi-
duct and uterine epithelial cells on the expression of IL-18 gene in the preimplantation mouse embryos were examined by co-culture.
IL-18 mRNA was detected in the embryos from 4-cell stage to blastocyst stage in vivo and from morula stage to hatching blastocyst
stage in vitro. This transcript was not detected from the GV stage to late 2-cell stage in vivo, and not at the 4-cell and 8-cell stages in
vitro. For the co-culture of late 2-cell embryos with the explanted mouse oviduct and uterine epithelial cells, oviducts and uterine epi-
thelial cells were isolated at 48 hour after the hCG injection. The explanted oviduct and uterine epithelial cells in co-culture groups
facilitated the IL-18 gene expression of the mouse embryos in comparison with the control. Taken together these results suggest that
the presence of IL-18 plays an important role in preimplantation embryonic development. In addition, the up-regulation of IL-18
gene expression by the explanted oviduct and uterine epithelial cells demonstrates that embryonic expression of IL-18 gene may be
regulated by the interaction with oviductal and uterine factor (s).
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The preimplantation mouse embryo produces many gr-
INTRODUCTION owth factors and cytokines during embryonic development
to signal its presence to the maternal organism (Tazuke &
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(Wegmann, 1991; Tabibzadeh et al., 1992). Although mul-
tiple studies have examined the existence and influence of
various cytokines in embryos and endometrium (Chard,
1995; Simon et al., 1995), as vet, little is known about cyto-
kine-production by preimplantation embryos.

The interleukin-1 (IL-18) system is composed of two
agonists, interleukin-1 (IL-18 ) and interleukin-1 (IL-18 ),
one antagonist, the interleukin-1 receptor antagonist (IL-18
ra) and two membrane-bound receptors, interleukin-1 re-
ceptor type I (IL-18R tI) and II (IL-18R tII) (Dinarello,
1994). Both agonists are initially synthesized as precursor
proteins of 31 kDa and the mature proteins have a molecu-
lar weight of 17 kDa. Although the amino acid sequences
have a similarity of only 22%, they induce the same bio-
logical responses (Dower et al, 1986). The IL-18R (I is
found in low numbers on almost all cell surfaces, whereas
IL-18R tII is found primarily on white blood cells. Only
the binding of either IL-18 or - to the IL-18 receptor type I
results in signal transduction, with receptor type II and the
soluble IL-18 receptor acting as competitors of the receptor
type I (Clotta et al., 1993).

The IL-18 system comes into close relation with embry-
onic implantation. In humans, the IL-18R tI has been
detected in endometrium (Simon et al., 1993) and, more
specifically, in endometrial epithelial cells with a maximal
protein- and mRNA-expression during the luteal phase. All

major components of the IL-18 system, namely IL-18 ,ﬂ

IL-18ra and IL-18R tI were detected immunohisto-
chemically in single preimplantation embryo (De los Santos
et al., 1996). Recently, IL-18 system mRNA was detected
in single blastomeres of preimplantation embryos (Takacs &
Kauma, 1996; Krussel et al., 1998).

In mice, mRNA and protein of IL-18 and IL-18 have
been detected and localized in endometrial epithelial cells
{Takacs et al., 1988). The levels were increased from day 3
of pregnancy to make a peak at the time of implantation
on day 4 (De et al., 1993). However, the temporal pattern
of IL-18 gene expression and the regulation of its ex-
pression by female genital tract in embryos are not well
documented.

The aim of this study was to investigate the role of IL-18

gene in the embryonic development. In vivo and in vitro ex-
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pression patterns of IL-18 gene in preimplantation mouse
embryos were examined by RT-PCR, and the effects of
explanted mouse oviduct and uterine epithelial cells on the
expression of IL-18 gene in preimplantation mouse em-

bryos were examined by co-culture.
MATERIALS AND METHODS

1. Collection of the oocytes and the preimplantation
embryos

ICR mice (Department of Biology, Hanyang University)
were bred under the illumination condition of 14 hours
light and 10 hours dark cycles. The female mice (10 to 12
week old) were superovulated by intraperitoneal injection of
5 IU of pregnant mare’s serum gonadotrophin (PMSG,
Sigma) followed by human chorionic gonadotrophin (hCG,
Sigma) 48 hours later. Females were paired overnight with
ICR males (10 to 12 weeks old). Mating was confirmed
with the presence of a copulation plug and fertilization is
considered to occur 12 hours after the hCG injection.

Oocytes at metaphase I (GV oocytes) were collected from
unstimulated female mice by puncturing the ovary with a
26-gauge needle in HEPES-buffered medium 2 supple-
mented with 4 mg/ml bovine serum albumin (M2-+BSA).
Oocytes at metaphase II (ovulated oocytes) were collected
from the ampullae of the oviducts by tearing with a fine
forceps 18 hours after the hCG injection. Cumulus cells
were removed by treatment with 0.1% hyaluronidase (Sig-
ma) in M2 medium and washed several times.

Embryos of I-cell, 2-cell, 4-cell, 8-cell, morula, and
blastocyst stage were collected from either the oviduct or
uterus by flushing with a fine Pasteur pipette 20, 48, 54, 65,
72, and 96 hours after the hCG injection, respectively.

2. Culture of the preimplantation embryos in vitro

Late 2-cell embryos were recovered from the oviducts by
flushing with a fine Pasteur pipette 48 hour, after the hCG
injection and the embryos were allowed to be dispersed into
KSOM medium, which was a modified version of medium
SOM (simplex optimized medium, Lawitts and Biggers,
1991) with higher K* concentration supplemented with 3
mg/ml BSA (Lawitts & Biggers, 1993).
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The in vitro culture of late 2-cell embryos was performed
in the medium under mineral oil (Sigma) at 37C in a hu-
midified atmosphere of 5% CO, in air in plastic culture
dishes (60Xx15 mm, Corning). Embryos of 4-cell, 8-cell,
morula, early blastocyst, and hatching blastocyst stage were
" collected after 7, 21, 40, 50, and 72 hours culture, respect-

ively.

3. Co-culture of late 2-cell embryos with explanted ovi-
duct

In co-culture of late 2-cell embryos with the explanted
mouse oviducts, the modified Whitten’s medium supple-
mented with 3 mg/ml BSA was used (Hoppe et al., 1985).
Late 2-cell embryos were collected from the oviduct by
flushing 48 hours after the hCG injection.

Oviducts for co-culture were isolated 48 hours after the
hCG injection and flushed with the medium. The isthmic
and fimbrial regions of the oviducts were removed, and
ampullae opened longitudinally with a fine forceps were
washed several times with the medium. They were then

carefully cleaned with sterilized filter paper to remove blood

and other tissues, and placed on the bottom of plastic cul-

ture dishes. Each oviduct was added to a small co-culture
drop (100 ub) of the medium, which was covered with min-
eral oil and equilibrated for at least I hour at 37°C in a hu-
midified atmosphere of 5% CO, in air. Late 2-cell embryos
were added to each drop, and embryos of 4- and 8-cell
stage for RT-PCR were collected at 7 and 21 hours culture,

respectively.

4, Co-culture of late 2-cell embryos with uterine epi-
thelial cells, and treatment of progesterone and/ or 17 8
-estradiol

Uteri were removed from mature (10 to 12 weeks old)
mouse and stripped of mesentery. Under a dissecting micro-
scope (M3, Wild), each uterine horn was cut transversely
into two equal segments, which were slit longitudinally to
expose the endometrial surface. Epithelial cells were col-
lected from the uterine lumen by scraping with a knife in
modified Whitten’s medium plus 10% heat-inactivated fetal
bovine serum. The medium containing dissociated epithelial

cells was transferred to a disposable sterile 15 ml cornical
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tube (Falcon). Five ml of medium was added to the tube,
and the epithelial fragments in the supernatant were col-
lected with a pipette. This procedure was repeated two or
three times. The epithelial fragments were collected by
centrifugation at 100X g for 5 min. The pellet was
resuspended in medium. Resuspended epithelial cells (3.5
105/ml) were seeded on organ culture dish (60X 15 mm,
Falcon). The medium was quickly added to the dish, and
cells were incubated at 37C in a humidified atmosphere of
5% CO, in air. The meidum was changed again on 24 hour
(Tomooka et al., 1986).

Groups for co-culture of uterine epithelial cells were
classified into five, a medium alone group, uterine epithelial
cell co-culture group with or without progesterone (3.2X
10-M) and 17 B-estradiol (3.7X10-M), and progesterone
plus 17 B-estradiol (3.2X10~"M and 3.7X10-"M) treatment
group (Lavranos & Seamark, 1989). Late 2-cell embryos
were added to each co-culture group, and embryos of 4-
and 8-cell stage for RT-PCR were collected after 8 and 22

hours culture, respectively.

5. Reverse transcription - polymerase chain reaction
(RT-PCR)

All the solutions were prepared with distilled water
treated with 0.1% diethylpyrocarbonate (DEPC, Sigma).
After collection, embryos were washed three times with
Ca** and Mg**-free PBS, counted, and transferred in a
minimal volume to a chilled 1.5 ml eppendorf tube on ice.
Trizol (Gibco) was immediately added to the tube. The
sample was vortexed vigorously, and stored at —70C.

Reverse transcription (RT) was conducted on 30 embryos
equivalents. The reaction was carried out in 40 pl of 8 ul 25
mM MgCl, 4 ul 10X PCR buffer, 4 ul 10 mM dNTP
mixtures, 2.5 pM oligo (dT) adaptor primer, and 20 units
RNase-inhibitor (Takara). After the tubes (Gene Amp
thin-walled tube) were incubated at 37°¢C, 5 units of AMV
(avian myeloblastosis virus) reverse transcriptase XL
(Takara) was added. The RT reaction was carried out in
the 4800 PCR thermal cycler (Takara) by using a program
with the following parameters: 42°C, 60 min; 99°C, 5 min;
47T, . After the reaction was complete, samples were
either used directly for PCR or stored at —20C.
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First round of polymerase chain reaction (PCR) was con-
ducted on 3 embryos equivalents. The reactions were car-
ried out in 40 pl of 3.2 pl 25 mM MgCl,, 4.0 ul 10X PCR
buffer, 40 ul 2.5 mM dNTP mixtures, 2.5 units Taq
polymerase (Takara), 12 pmol each of the appropriate outer
3’ and 5° primers (Bioneer), 21.9 ul DEPC-treated distilled
water, and 4 pl of the RT-product. After mixing all
components in a 0.5 ml thin-walled tube, the reaction mix-
ture was covered with 50 ul mineral oil. The basic PCR
program used was incubation at 94°C for 3 min, followed
by a cycle program of 94°C for 45sec, 54°C for 45sec, 72°C
for 1 min. After completion of 35 cycles, the reaction was
terminated at 72°C for 10 min and cooled down to 4T.
First round PCR products were stored at —207C until the
second round PCR (Krussel et al., 1997).

For the second round PCR, 4 ul of first PCR-product
were added to PCR mixture in thin walled tube and
covered with 50 ul mineral oil. The reaction components
and parameter of the second round PCR were identical
with the first round PCR except for the number of cycles.
The number of second round PCR was 18, and after
completing the second round of PCR, the PCR products
were run on 2.5% agarose gels (Takara) containing 0.5
pg/ml ethidium bromide and photographed under UV light.

The outer 5° and 3’ primers for IL-18 were 5-GGATG-
AGGACATGAGCACCTTC-3’ and 3-GGAAGACAGGC-
TTGTGCTCTGC-5". The inner 5 and 3’ primers were
5-AGCCCATCCTCTGTGACTCATG-3’ and 3’-GCTG-
ATGTACCAGTTGGGGAAC-5, respectively (Huang et
al., 1997). The IL-1§ outer and inner primers gave rise to
diagnostic fragments of 497 bp and 422 bp, respectively.
The B-actin gene transcript was used as an internal control
to confirm the efficiency of RT. The primer for g-actin was
5-GTGGGCCGCTCTAGGCACCAA-3’ and 3-CTCTT-
TGATGTCACGCACGATTTC-5" (Rappolee et al., 1992).

6. Restriction enzyme digestion of IL-18 PCR product
with Bstxi

RNA corresponding to 30 embryos was subjected to rev-
erse ftranscription. Three embryos equivalent were then
subjected to 35 cycles of first round PCR using the outer
primers for IL-1§ and 0.3 embryo equivalent of RNA to 18
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cycles of second round PCR wusing the inner primers. There-
after, these products were treated with or without 5 units of
BstxI (Taksra) at 37°C overnight and then electrophoresed
on 2.5% agarose gels. The agarose gel was photographed
under UV light.

RESULTS

1. ldentification of the PCR product by restriction en-
zyme digestion

The identity of the diagnostic fragment was confirmed by
restriction enzyme analysis. From the ¢cDNA sequence
(Gray et al., 1986). the diagnostic fragment should carry an
BstxI site, such that restriction enzyme digestion should
give rise to two fragments, one 282 bp and the other 140 bp
in length (Fig. 1).

2. Optimization of RT-PCR procedure with regard to
number of cycles in the second round PCR

First round PCR products were amplified to optimize the
number of cycles in the second round PCR. The cycle num-
ber of first round PCR was performed to 35. After
completing the first round PCR, second round PCR was
performed to 5, 10, 13, 16, 19, 22, 25, 30, and 35 cycles, re-
spectively. The PCR products were in the log phase in-
crement, and so the optimizing cycle of second round PCR

was performed to 18 cycles (Fig. 2).

Fig. 1. Agarose gel electrophoresis of amplified IL-18
transcript subjected to Bsxtl digestion. M, 100 bp ladder;
Lane 1, amplified and undigested sample; the major band is
422 bp in length, Lane 2, amplified and digested sample;
there are two bands, 282 and 140 bp.
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Fig. 2. Optimization of RT-PCR procedure with regard
to number of cycles in the second round PCR. M, 100bp
ladder: Lane 1, 5; Lane 2, 10; Lane 3, 13; Lane 4, 16; Lane
5, 19; Lane 6, 22; Lane 7, 25; Lane 8, 30; Lane 9, 35 cycles.

3. Expression patterns of {L-18 gene in the preim-
plantation mouse embryos in vivo and in vitro

Using the RT-PCR, IL-18 mRNA was detected in the
embryos from the 4-cell stage to blastocyst stage in vivo
(Fig. 3A) and from the morula stage to hatching blastocyst
stage in vitro (Fig. 4A). This transcript was not detected
from the GV oocyte stage to late 2-cell in vivo, and not at
4- and 8-cell stage in vitro. The amount of IL-18 mRNA in
vivo was slightly increased in the morula and blastocyst
stage in comparison with the 4- and 8-cell stage embryo,
and so did in vitro. RT-PCR was also performed for f-actin
gene as an internal control for this procedure (Fig. 3C, 4B),
and performed for RNA from embryos that had not been
reversely transcribed as a negative control for a possible

genomic DNA contamination (Fig. 3B).

4. Effects of the explanted mouse oviduct on the devel-
opment of late 2-cell embryos

Of 94 late 2-cell embryos co-cultured with the explanted
oviduct, 87 (92.6%) developed normally to the blastocyst
stage, with 33 (35.1%) hatching blastocysts and 19 (20.3%)
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Fig. 3. Expression pattern of IL-13 mRNA in the
oocytes and preimplantation mouse embryos in vivo. A;
IL-188. B; negative control. C; F-actin, positive control.
M, 100bp ladder; Lane 1, GV oocyte; Lane 2, ovulated
oocyte; Lane 3, 1-cell; Lane 4, 2-cell; Lane 5, 4-cell; Lane
6, 8-cell; Lane 7, morula; Lane 8, blastocyst.

hatched blastocysts (Table 1). After 72 hours™ culture, the
rate of hatching was significantly higher (p<0.05) in the
medium alone (control) than in the co-culture group, and
after 96 hours, the rate of hatched was significantly lower
(p<0.05) for the co-culture group compared to the medium
alone.

5. Effects of the explanted mouse oviduct on IL-18
gene expression in embryos
IL-184 mRNA was not detected in the embryos of me-

Table 1. Development of late 2-cell embryos co-cultured with explanted oviduct for 72 and 96 hours in mouse

% of developed embryos

Treatment No. of 72 hous 96 hours
embryos
M ErB /ExB HgB ErB /ExB HgB HdB
Medium alone 100 0.0 50.0+0.1 33.0+0.1 33.0+0.1 32.0£0.0 28.0+0.1
Co-cultured with oviduct 9 0.0 76.6+0.0* 19.1%0.0* 37.2+0.1 35.1%0.1 20.3+0.1*

Degenerated embryos are not shown in this table.

Abbreviation : M, Morula : ErB, Early blastocyst ; ExB, Expanded blastocyst: HgB, Hatching blastocyst ; HdB, Hatched blastocyst
Values are represented by mean+SD and obtained from three different experiments,

* : Significantly different from the control (p<0.05).



64 ENE ABE - AEY - olBE . 08 - 254 - AFY - AET

12345

Fig. 4. Expression pattern of IL-13 mRNA in the
preimplantation mouse eimbryos cultured in vitro. A;
1L-18. B; B-actin, positive control. M, 100 bp ladder; Lane
1, 4-cell; Lane 2, 8-ell; Lane 3, morula; Lane 4, early
blastocyst; Lane 5, late blastocyst.

dium alone. However, it was only detected at the 8-cell
stage embryo, not 4-cell stage in oviduct co-culture group
(Fig. SA). Embryos at each stage expressed f-actin gene,
which confirmed the integrity of the RNA and the RT-PCR
process (Fig. 5B).

6. Effects of progesterone and/ or 17 B-estradiol on
the development of late 2-cell embroys co-cultured with
uterine epithelial cells

After 72 hours culture, the rate of blastocyst formation
was higher in the co-culture group than in the medium
alone except for the co-culture group without steroid hor-

mone treatment. But, there was no significancy in the rate
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Fig. 5. Expression pattern of IL-13 mRNA in the
preimplantation mouse embryos co-cultured with the ex-
planted oviduct. A; IL-18. B; B-actin, positive control. M,
100bp ladder: Lanes 1 and 3, 4-cell; Lanes 2 and 4, 8-cell;
Lanes 1 and 2, embryo cultured with medium alone; Lanes 3
and 4, embryo co-cultured with the explanted oviduct.

of blastocyst formation.

The rate of hatching was higher in all the co-culture
group than in the medium alone. However, it was signifi-
cantly higher (p<0.05) in the co-culture group treated with
progesterone plus 178-estradiol (40.3%) than in the me-
dium alone (18.5%), and there was not significant differ-

ence between the other co-culture groups (Table 2).

7. Effects of the uterine epithelial cells on IL-18 gene
expression in embryos

IL-18 mRNA was not detected in the embryos of me-
dium alone. However, it was detected at the 4-cell and

8-cell stage embryos of all co-culture group irrespective of

Table 2. Effects of progesterone and/or 174-estradiol on the development of late 2-cell mouse embryos co-cultured with

uterine epithelial cells for 72 hour

% of developed embryos

Treatment No. of embryos ErB /ExB HgB
Medium alone 65 10.8+0.1 61.5+0.0 18.5+0.0
NH 62 11.3x£0.1 51.6+0.1 27.4+0.1
P, 62 8.1+£0.0 54.8+0.0 30.6+0.0
E, 61 8.2+0.1 50.8+0.1 34.4%+0.1
P+E, 62 4.8+0.2 50.0£0.1 40.3+0.1*

Degenerated embryos are not shown in this table,

NH, P,, E,, and P,+E; are co-cultured group with uterine epithelial cells.

Abbreviation: NH, Not treated hormone; P,, Progesterone treatment; E, 17f-estradiol treatment; P,+E, Progesterone plus 178-estradiol
treatment ; M, Morula ; ErB, Early blastocyst ; ExB, Expanded blastocyst; HgB, Hatching blastocyst
Values are represented by mean=+SD and obtained from three different experiments,

* : Significantly different from the control (p<0.05).
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progesterone and/or 17 G-estradiol treatment (Fig. 6A).
DISCUSSION

In this study, to investigate the role of IL-18 in embry-
onic development, in vivo and in vitro expression pattern of
IL-18 mRNA was examined by RT-PCR, and the effects of
explanted mouse oviduct and uterine epithelial cells on the
expression of IL-18 gene were examined by co-culture.

IL-18 has been detected at the protein level in the human
preimplantation embryos by immunohistochemistry (De los
Santos et al., 1996). Recently, the presence of IL-18 mRNA
has been detected in a pools of and single preimplantation
mouse embryo by RT-PCR (Takacs & Kauma, 1996; Kr
ssel et al., 1997).

In the present results, IL-14 mRNA was detected from
the 4-cell stage to blastocyst stage in vivo (Fig. 3A) and
from the morula stage to hatching blastocyst stage in vitro
(Fig. 4A). Embryonic development prior to the middle of
the 2-cell stage depends mainly on protein and RNA
synthesized during oogenesis (Hou & Gorski, 1993). Thus,
the embryonic genome in mouse is inactive until after the
first cleavage. These results demonstrate that IL-18 mRNA
is transcribed after activation of embryonic genome because
the IL-18 is detected from the 4-cell stage onwards in vivo.
Furthermore, the difference of expression pattern in vivo
and in vitro suggests that the embryonic expression of
IL-18 gene is regulated by oviductal factor(s) because the 4-
and 8-cell embryos develop in the oviduct.

This possibility was ascertained by co-culture with the
explanted oviduct. In the experiment on the late 2-cell em-
bryos co-cultured with the explanted oviducts, the ex-
pression of IL-18 gene was facilitated in the co-culture
group. It was only detected at the 8-cell stage embryo, not
4-cell stage (Fig. 5A). This result shows tha the IL-18 may
be regulated by the interaction with oviductal factor(s).
Many studies have been reported that the embryonic devel-
opment was significantly enhanced by co-culture with
oviductal epithelial cells (Ouhibi & Hamidi, 1990) or
explanted oviduct (Minami & Bavister, 1988; Menezo,
1989). However, there is no reports about the IL-18 gene

expression pattern in the preimplantation mouse embryos

Expression of Interleukin-14 in Mouse Embryos 65

M123456738910

—422

—539

Fig. 6. Expression pattern of IL-15 mRNA in the
preimplantation mouse embryos co-cultured with uterine
epithelial cells. A; IL-18. B; B-actin, positive control. M,
100bp ladder; Lanes 1, 3, 5, 7 and 9, 4-cell; Lanes 2, 4, 6, 8
and 10, 8-cell; Lanes 1 and 2, embryo cultured with medium
alone; Lanes 3 and 4, embryo co-cultured uterine epithelial
cells; Lanes 5 and 6, co-cultured embryo from progesterone
treatment medium; Lanes 7 and 8, co-cultured embryo from
17B-estradiol treatment medium: Lanes 9 and 10, co-cul-
tured embryo from progesterone plus 178-estradiol treat-
ment medium,

co-cultured with oviduct.

Previously, studies on the co-culture of embryos with
uterine cells have been reported (Sakkas & Trounson, 1990)
and uterine cells may be helpful to enhance the
preimplantation embryonic development (Freeman et al,
1993). Although it was unclear that the expression of IL-18
gene was influenced by steroid hormone in vivo, steroid hor-
mone was known to play an important role in the mainten-
ance of the uterine cells and the preimplantation embryonic
development (Lavranos & Seamark, 1989).

In the experiment on the late 2-cell embryos co-cultured
with the mouse uterine epithelial cells, the expression of
IL-12 mRNA was identical to that of in vive. IL-18
mRNA was detected at the 4- and 8-cell stage embryo of all
the co-culture group irrespective of progesterone and/or 17
B-estradiol treatment (Fig. 6A).

Undoubtedly, the morphological and functional differen-
tiation of uterine epithelial cells are under the control of

these steroids and the status of uterine epithelial cells at the
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time of tissue collection has possibly an important factor
for supporting the embryonic development. This fact
implicates that the IL-18 gene expression may be also
regulated by uterine factor(s), and it is more sensitive and
effective than oviductal factor. However, it may be not dif-
ferent from the oviductal factor.

After 72 hours culture, the rate of hatching was higher in
all the co-culture group with uterine epithelial cells than in
the medium alone. However, it was significantly higher for
the co-culture group treated with progesterone plus 17
-estradiol compared to the medium alone (Table 2). These
results were similar to the reports of other co-culture
studies.

In summary, these findings demonstrate that the presence
of the IL-18 plays an important role in the preimplantation
embryonic development, and co-culture with the explanted
oviducts or uterine epitehlial cells facilitates to the IL-18
gene expression in the preimplantation mouse embryos.
However, the expression pattern of IL-18 gene alone can-
not explain the exact role of IL-18 system in embryonic de-
velopment and implantation process. Therefore, to elucidate
the exact role of IL-14 system, all major components of the
IL-128 system, namely IL-18 , IL-18ra and IL-14R tI must
be examined by their expression pattern and co-culturing
effects.
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