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Abstract

We have cloned and sequenced a chicken homolog to the mammalian interleukin-1b (IL-1b)-converting enzyme (caspase-1)
cDNA and have evaluated caspase-1 mRNA expression in various tissues from the domestic hen, including ovarian follicle
granulosa and theca layers. The deduced amino acid (aa) sequence of chicken caspase-1 is 44.9% identical to human caspase-1,
and contains an active site pentapeptide that is characteristic of the caspase family of cysteine proteases. Of interest, however, is
that the putative chicken caspase-1 cDNA is predicted to encode a comparatively short (19 aa) N-terminal prodomain, as well as
two Cys residues within the active pentapeptide (QC162C163RG) as compared to the QACRG pentapeptide found in the mammalian
caspase-1 sequence. While the chicken caspase-1 mRNA transcript is widely expressed among different tissues, levels are particularly
high in the bursa of Fabricius and comparatively low in ovarian follicles at all stages of development. Finally, treatment of
granulosa cells with IL-1b, the primary if not sole product of caspase-1 activity, fails to either promote apoptotic cell death or
enhance viability in granulosa cells. Considering the relatively low levels of caspase-1 mRNA expression in ovarian follicle tissues
plus the inability of IL-1b to alter granulosa cell viability, in vitro, it is concluded that caspase-1 is not an integral part of the
apoptotic pathway in granulosa cells. However, the pattern of mRNA expression is consistent with a requirement for caspase-1
mediated IL-1b production in chicken immune tissues. © 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction et al., 1993). In mammalian species, active caspase-1
consists of two subunits (p20 and p10) that are derived

Caspase-1 (interleukin-1b-converting enzyme) repre- from a 45-kDa precursor protein following auto- or
sents a cysteine protease that cleaves pro-interleukin-1b heterocatalysis ( Kumar, 1995). The active site of mam-
following an aspartic acid residue to generate the mature malian caspase-1 resides in the p20 subunit and consists
cytokine, interleukin-1b (IL-1b). The primary, if not of the pentapeptide, Gln–Ala–Cys–Arg–Gly (QACRG).
sole, product of this protease is IL-1b, although there is Subsequent studies in the human have demonstrated the
some recent evidence implicating caspase-2 activity in existence of at least 10 additional homologous proteases,
the proteolytic maturation of interferon-c inducing caspase-2 through -11 (Alnemri et al., 1996; Miller,
factor within T-cells (Wilson et al., 1994; Gu et al., 1997; Nicholson and Thornberry, 1997), that together
1997). The nt sequence of human caspase-1 is homolo- constitute the caspase family of cystein proteases. All
gous to ced-3, a gene required for mediating apoptosis mammalian caspases identified to date contain a con-
during development in Caenorhabditis elegans (Yuan served QACXG pentapeptide, where X represents an

Arg (R), Gln (Q) or Gly (G). Within this family of
* Corresponding author. Fax: +1 219 631 7413; enzymes, caspase-4 (Ich-2 or ICErel-II; Kamens et al.,e-mail: johnson.128@nd.edu

1995; Munday et al., 1995) and caspase-5 (ICErel-III;
Abbreviations: aa, amino acid(s); bp, base pair(s); caspase-1, Munday et al., 1995) are considered to be most homolo-
Interleukin-1b-converting enzyme; caspase-2, Interleukin-1b-convert- gous to caspase-1, and together they represent the
ing enzyme and Ced-3 homolog, or Ich-1; cDNA, complementary caspase-1 subfamily (Alnemri et al., 1996). Members of
DNA; IL-1b, interleukin-1b; kb, kilobase or 1000 bp; mRNA, messen-

the caspase-1 subfamily are thought to predominantlyger RNA; nt, nucleotide; ORF, open reading frame; PCR, polymerase
chain reaction; RACE, rapid amplification of cDNA end(s). play a role in inflammation. By comparison, two addi-
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tional subfamilies, consisting of a Ced-3 subfamily studies described. Birds were housed individually in
laying batteries, provided with free access to feed (Purina(caspases-3, -6, -7, -8 and -10) and an Ich-1 subfamily

(caspases-2 and -9) are proposed to be largely linked to Layena Mash, Purina Mills, St. Louis, MO) and water,
and were exposed to a photoperiod of 15 h of light, 9 hmediating apoptosis. To date, identification and charac-

terization of only a single avian caspase, chicken of darkness, with lights on at 00.00. Individual laying
cycles were monitored by the daily timing of oviposition.caspase-2 (Ich-1; Wang et al., 1994; Johnson et al.,

1997a), has been reported. This is despite biochemical Hens were killed approximately 16–18 h prior to a
midsequence ovulation by cervical dislocation. All pro-evidence for at least five avian caspase-like proteases

each with distinctive substrate recognition properties cedures described herein were reviewed and approved
by the University of Notre Dame Institutional Animal(Takahashi et al., 1997).

Several lines of evidence indicate that caspases, includ- Care and Use Committee, and were performed in accor-
dance with the Guiding Principles for the Care and Useing caspase-1, are directly involved in mediating

apoptosis via the cleavage of intracellular proteins of Laboratory Animals.
( Kumar, 1995; Cohen, 1997). For instance, over-expres-
sion of caspase-1 in a fibroblast (Rat-1) cell line induces 2.2. Isolation and characterization of chicken caspase-1

cDNA, and deduced aa sequenceapoptosis, and this activity can be blocked by
co-expression of Bcl-2, an inhibitor of apoptotic cell
death, and CrmA, a cowpox virus protein that is a Degenerate primers, based upon highly conserved

QAC(R/G/Q)G and GS(V/W )(F/Y )I pentapeptidesselective inhibitor of caspase activity (Miura et al.,
1993). However, there is also evidence that caspase-1 found within mammalian caspases, were used to initially

amplify a 305-bp chicken caspase-1 cDNA homologitself does not have a critical, non-redundant role in
mediating apoptosis in most tissues, as mice in which from reverse-transcribed mRNA collected from chicken

thymus tissue [forward primer=CAGGC(T/C)TG-the caspase-1 gene has been specifically deleted develop
normally and are apparently healthy and fertile ( Kuida CCG(T/A/G)GG; reverse primer=GAT(G/A)(A/T )-

ACCAGGA(G/T)CC ]. The nt sequence of this productet al., 1995; Li et al., 1995).
It is now well established that ovarian follicle atresia was utilized for the design of additional specific primers

to amplify the 5∞ and 3∞ ends of chicken caspase-1in mammals and the domestic hen is mediated via
apoptosis, and that such apoptotic cell death occurs by RACE (Clontech, Palo Alto, CA) using

Poly(A)+-enriched (Micro-Fast Track kit; Invitrogen,primarily, if not exclusively, within the granulosa cell
layer (e.g. Johnson et al., 1996; Johnson, 1997). A San Diego, CA) reverse-transcribed RNA obtained from

granulosa tissue of the second largest (F2) preovulatoryunique aspect of the hen ovarian follicle hierarchy is
that susceptibility to apoptosis varies with the stage of plus prehierarchical (6–8-mm-diameter) follicles.

Double-stranded cDNA was synthesized, and Marathonfollicle differentiation (Johnson et al., 1996). Granulosa
cells from prehierarchical (6–8-mm-diameter) follicles cDNA Amplification adaptors (Clontech) were ligated.

Two different sets of nested gene-specific primers wereare highly susceptible to apoptosis when incubated as a
suspension culture for 3–6 h. By comparison, granulosa designed from the nt sequence obtained from the chicken

caspase-1 PCR product for the 5∞ direction [GSP1:cells from the largest preovulatory (F1) follicle are
highly resistant to apoptosis when cultured in vitro. 5∞-CCAGGAGACAGTATCAGGCGTG-3∞ (bp 1330–

1309) combined with GSP2: 5∞-ATCCGAAGTGG-Previous reports have suggested that IL-1b may play a
regulatory role in the process of ovarian follicle atresia AAGTGGGCATC-3∞ (bp 1228–1207); and GSP5:

5∞-CTTGCCCTGCTCATGGACTACAG-3∞ (bp 681–via its ability to attenuate apoptosis (Chun et al., 1995).
Thus, the objectives of the present study were to charac- 659) combined with GSP6: 5∞-CCATGCTCCA-

GCCCTTCGCTC-3∞ (bp 615–595)]. One set of nestedterize the chicken caspase-1 cDNA, evaluate the expres-
sion of caspase-1 mRNA in hen tissues, and investigate primers was utilized for the 3∞ direction [GSP3: 5∞-

ACCAGAGAAGCTCACCTGGAGAG-3∞ (bp 1262–the ability of mature IL-1b to affect the viability of
apoptosis-susceptible and -resistant granulosa cells, in 1284); and GSP4: 5∞-CCGTTTTTATCCAGAGACT-

GGTGG-3∞ (bp 1350–1373)]. An initial amplificationvitro.
of the 5∞-region by PCR was performed using GSP1 and
Adaptor Primer 1 (Clontech) under the following condi-
tions: 1 min, 94°C; 0.5 min, 94°C and 4 min, 72°C for2. Materials and methods
five cycles; 0.5 min, 94°C and 4 min, 70°C for five cycles;
0.5 min, 94°C and 4 min, 68°C for 25 cycles. A second2.1. Animals
amplification was conducted with the GSP2 and
Adaptor Primer 2 as internal primers and amplificationSingle-comb white Leghorn hens (H&H Poultry,

Portland, IN), 25–40 weeks of age and laying regular conditions as described above. This procedure was
repeated using the second nested pair of primers. PCRsequences of at least eight to 10 eggs, were used in all
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products were gel-purified and ligated into the PCR2.1 recombinant IL-1b/ml (Gibco-BRL). F1 follicle granu-
losa cells were plated in six-well Falcon culture platesvector (TA Cloning Kit, Invitrogen), then further ampli-

fied and purified from plasmid preparations. Amplified (Becton Dickinson, Lincoln Park, NJ) for 24 h in the
absence or presence of 1 and 10 ng of IL-1b/ml.and cloned chicken caspase-1 nt sequence was deter-

mined by nucleic acid sequencing using the dideoxy Following incubation or culture, genomic DNA was
prepared from cells, and 1 mg was electrophoresed on achain termination method (Sanger et al., 1977) and the

Sequenase version 2.0 system (Amersham, Arlington 1.8% agarose gel in the presence of SYBR Green I
(1:20 000 dilution in the agarose gel; Molecular Probes,Hts, IL). Initial and secondary amplifications of the

3∞-region were conducted utilizing GSP3 plus Adaptor Eugene, OR). The extent of oligonucleosome formation
was determined by quantitating fluorescence of the low-Primer 1 and GSP4 plus Adaptor Primer 2, respectively,

with the same amplification conditions described above. molecular-weight (<20 kb) DNA bands (Johnson et al.,
1996) using the phosphoimaging system equipped withPCR products were gel-purified and ligated into the

PCR2.1 vector, amplified and purified from plasmid the ImageQuant data reduction system. Data represent
the mean fold-difference in oligonucleosomepreparations. Sequence data for caspase-1 were assem-

bled from replicate products over the entire coding formation±SE compared to the appropriate control
from three replicate experiments.region and analyzed using the MacVector and

AssemblyLIGN programs (version 4.5.3; IBI, New
Haven, CT). The consensus sequence shown represents
information from at least two different clones sequenced 3. Results and discussion
in both directions. Furthermore, a total of four different
clones were sequenced from the ATG start codon 3.1. Cloning of a cDNA encoding the chicken homolog of

mammalian caspase-1through the start of the 5∞ region, while reverse-tran-
scribed RNA from two different hens was used to obtain
the sequence through the QCCRG catalytic region. The total length of the cDNA characterized is 1765 nt,

including a predicted 849-bp open reading frame
(Fig. 1). The homology of the chicken versus human2.3. Northern blot analysis
caspase-1 nucleic acid sequences within the predicted
open reading frame is 60.8%. The deduced aa sequenceThe total cellular RNA from each tissue and stage of

follicle development was isolated using Trizol Reagent from the chicken caspase-1 cDNA shows 44.9% identity
(62.5% similarity) to human caspase-1 (Fig. 2). The(Gibco-BRL, Gaithersburg, MD), while the purity and

quantity were assessed by measuring the optical density remaining two members of the human caspase-1 subfam-
ily, caspase-4 and caspase-5, share 41.7 and 39.6%of each sample at 260 nm versus 280 nm. Fifteen micro-

grams of total cellular RNA were electrophoresed on identity, respectively, to chicken caspase-1. By compari-
son, there was considerably less homology to the only1% agarose gels in the presence of formaldehyde, then

transferred to nitrocellulose Nitro ME membranes other chicken caspase thus far identified, caspase-2
(24.0% aa identity); this degree of identity is comparable(MSI, Westboro, MA) by capillary action overnight.

Blots were incubated with a chicken caspase-1 to that which is found between the human caspase-1
and -2 proteins (~22%) (Cohen, 1997).32P-labelled cDNA probe (corresponding to nt 1148–

1360) at 60°C overnight and subsequently washed under Of note was that the putative start site for the chicken
caspase-1 corresponded to Met123 from the humanhighly stringent conditions at 60°C. When appropriate,

blots were rehybridized to a random-primed chicken caspase-1 aa sequence. It has previously been docu-
mented that the greatest degree of variability among the18S ribosomal RNA cDNA probe to standardize for

equal loading of RNA samples (Johnson et al., 1997b). human caspase homologs occurs within the N-terminal
prodomain. For instance, caspase-9 has one of thethe extent of hybridization was quantitated using a

phosphoimager equipped with the ImageQuant data longest N-terminal prodomains (130 aa), whereas
caspase-6 and -7 have the shortest (23 aa; Fernandes-reduction system (Molecular Dynamics, Sunnyvale,

CA). Data are expressed as the fold-difference compared Alnemri et al., 1995a,b). Interestingly, the putative start
codon for chicken caspase-1 most closely correspondsto the 3–5-mm-diameter follicle±SEM, and represent

three or four replicate experiments. with that of the human caspase-6 aa sequence, and the
projected prodomain for chicken caspase-1 terminates
with Asp19. Otherwise, however, human caspase-6 and2.4. Granulosa cell incubation and culture experiments
chicken caspase-1 share only 24.6% aa identity (46.7%
similarity). Importantly, the site of initial cleavage thatGranulosa cells from 6–8-mm follicles were incubated

in 12×75-mm polypropylene tubes at 37°C in medium results in the formation of active fragments,
Asp175–Ser176, is conserved between the chicken andM199 plus HEPES (Johnson et al., 1997b) for 0–6 h in

the absence or presence of 1, 10 and 33 ng of murine mammalian caspase-1.
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Fig. 1. The nt and deduced aa sequences of chicken caspase-1. The putative ATG start codon and TGA stop codon (***) begin at bp 668 and
1517, respectively. The QCCRG active catalytic site is underlined. The GenBank Accession No. for this nt sequence is AF031351.
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Fig. 2. Alignment of deduced aa sequence form chicken (c) caspase-1 versus the c caspase-2 (Johnson et al., 1997a), and human (h) caspase-1
(Thornberry et al., 1992), caspase-4 and caspase-5 (Munday et al., 1995) proteases. Residues identical to chicken caspase-1 are indicated by ‘.’, and
variations from c caspase-1 are in lower-case letters. ‘−’ represents aa absent in the particular sequence. The active catalytic site is designated by bold
type, and the conserved His residue marked by ‘+’ has also been implicated in catalysis. Double-underlined regions represent regions that form the
Asp pocket in human caspase-1 (Wilson et al., 1994), and are highly conserved within the family of caspases. ‘*’ indicates the predicted stop codon.

It is also noteworthy that the active-site pentapeptide actions in these critical immune system tissues. For
instance, IL-1b is known to modulate immune responsesof chicken caspase-1 (QCCRG) differs from the chicken

caspase-2 and mammalian caspase sequences by encod- by activating effector cells and inducing production of
additional cytokines. Overall, the wide-ranging tissueing for a Cys substituted for Ala at position 162 (Fig. 2).

This substitution was confirmed in multiple cDNA distribution of chicken caspase-1 mRNA expression and
its comparatively high levels in an immune system-clones from two different hens, and represents a clear

deviation from other known caspases. It is unclear what related tissue are consistent with results from the mouse
(Nett et al., 1992).effects, if any, this substitution might have on enzyme

activity or substrate specificity. However, conservation The levels of caspase-1 mRNA are comparatively low
in both granulosa and theca layers, and were determinedof the active site Cys residue, Cys163, appears to be

critical, as mutations at this site result in the loss of not to change significantly ( p>0.05) in either tissue
during follicle development (Fig. 4). This finding is notprotease activity (Cohen, 1997).
unlike the results from the hen ovary reported for
chicken caspase-2 mRNA (Johnson et al., 1997a), and3.2. Expression of chicken caspase-1 mRNA in hen

tissues is not necessarily unexpected due to the common
assumption that the regulation of caspase activity levels
is primarily accomplished by the cleavage of the inactiveCaspase-1 mRNA (a single 1.7-kb transcript) was

detected by Northern blot analysis in all tissues investi- proenzyme to the active form (Cohen, 1997).
gated, though the levels were highest in the bursa of
Fabricius, spleen and bone marrow and lowest in the 3.3. Inability of IL-1b to alter the progression of

apoptosis in hen granulosa cellscerebrum, adrenal and ovarian follicle granulosa
(Fig. 3). The high mRNA expression levels in the bursa,
spleen and bone marrow are proposed to indicate the It has previously been determined that granulosa cells

from hen ovarian follicles are inherently susceptible orrelative importance of caspase-1 activity and/or IL-1b



60 A.L. Johnson et al. / Gene 219 (1998) 55–62

vitro, but apoptosis can be induced by several stimuli,
including UV irradiation, ceramide or daunorubicin
treatment ( Witty et al., 1996). Given previously pub-
lished results indicating that IL-1b may influence the
incidence of mammalian ovarian follicle atresia (Chun
et al., 1995), experiments were conducted to evaluate
whether treatment of hen granulosa cells with IL-1b, in
vitro, would promote oligonucleosome formation (a
hallmark of apoptosis) in apoptosis-resistant (preovula-
tory follicle) cells or attenuate the progression of oligo-
nucleosome formation in apoptosis-sensitive (6–8-mm-
diameter follicle) granulosa cells.

The results of these studies show that IL-1b treatment
is ineffective in altering the level of oligonucleosomes in
hen granulosa cells that are either inherently susceptible
(6–8-mm follicles) or resistant (F1 follicles) (Fig. 5).
This lack of effect of IL-1b on apoptosis is in agreement
with results from studies conducted with whole incu-
bated rat follicles (Flaws et al., 1995). It is also a

Fig. 3. Representative Northern blot of caspase-1 mRNA in various possibility that recombinant murine IL-1b is not physio-
chicken tissues. Chicken caspase-1 mRNA was detected as a 1.7-kb logically active in the chicken and/or that chickens do
transcript. F1 refers to the largest preovulatory follicle. Northern

not produce IL-1b, but these are considered less likelyanalysis was repeated at least twice for all samples shown, with sim-
as, under comparable conditions, another mammalianilar results.
cytokine, recombinant murine tumor necrosis factor a,
was found to be active and promote oligonucleosome
formation in 6–8-mm follicle granulosa cells ( Witty
et al., 1996). Moreover, IL-1b-like activity has been
reported by several investigators [ for a review, see
Klasing and Johnstone (1991)], and a chicken IL-1b
receptor with considerable amino acid homology to the
mammalian receptor has been cloned and characterized
(Guida et al., 1992). Thus, it is concluded from the
above experiments that IL-1b, the putative sole product
of caspase-1 activity, is not directly involved in modulat-
ing hen granulosa cell viability. By comparison, transfec-
tion of chicken dorsal root ganglion cells with a
dominant negative inhibitor of caspase-1 activity
(ICEC285G) was found to inhibit apoptosis induced by
trophic hormone withdrawal (Friedlander et al., 1997).
Such results suggest an important role for caspase-1 and

Fig. 4. Summary of densitometric scanning data for caspase-1 mRNA mature IL-1b in modulating cell viability in this tissue.
standardized to 18S rRNA following Northern blot analysis of granu-

Although not tested herein, it is possible that expressionlosa and theca tissue at various stages of ovarian follicle development.
of caspase-1 in hen ovarian follicle tissue is related to aThere are no differences among c caspase-1 mRNA levels in either

follicle tissue at any stage of development ( p>0.05). 3–5 mm and 6– role for IL-1b in the process of ovulation, as has been
8-mm, prehierarchal follicles; F2, F1, second largest and largest preo- previously suggested for mammalian species (Adashi,
vulatory follicle, respectively. 1997).

resistant to undergoing apoptosis, depending upon the
stage of follicle development (Johnson et al., 1996). 4. Conclusions
Specifically, granulosa cells from prehierarchical 6–
8-mm follicles are extremely susceptible to undergoing (1) The nucleic acid and deduced amino acid sequences

of chicken caspase identified in the present studyapoptosis within 3–6 h in suspension culture, and the
progression of apoptosis can be attenuated by cotreat- are most closely related to the caspase-1 subfamily

of mammalian caspases, and show 60.8 and 44.9%ment with 8-bromo-cAMP (Johnson et al., 1996). By
comparison, granulosa cells from preovulatory follicles identity, respectively, with the human caspase-1

sequences.are virtually resistant to cell death when cultured, in
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Fig. 5. (Left) Representative SYBR Green-stained gel of oligonucleosome formation in granulosa cells from 6–8-mm follicles. LMW, low-molecular-
weight DNA quantitated by densitometry. (Right) Granulosa cells from 6–8-mm follicles undergo spontaneous apoptosis during suspension
incubation. However, interleukin-1b (IL-1b) treatment (1, 10, 33 ng IL-1b/ml medium) fails to alter oligonucleosome formation in the 6–8-mm
follicle (top) or F1 follicle (bottom) granulosa cells compared to control (Con) incubated or cultured cells. Considering that IL-1b is the only
known product of caspase-1 activity ( Wilson et al., 1994), it is concluded that caspase-1 is not an integral part of the apoptotic cascade in hen
granulosa cells. The level of oligonucleosome formation is expressed as a fold-increase versus the appropriate control (Johnson et al., 1996). T0,
unincubated cells.
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