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Although the cellular and molecular mechanisms underlying the delayed-type hypersen-
sitivity (DTH) reaction have been investigated, the functions of infiltrating leukocytes
and skin resident cells in the elicitation phase of the DTH reaction are not completely
understood. To gain more insight into the role of these cells in the DTH reaction, we
identified about 250 cDNA fragments showing elevated expression during the DNCB-
induced guinea pig skin DTH reaction by differential display analysis. Characterization
of 50 of them led to the identification of 28 genes whose expression was elevated in the
DNCB-induced DTH reactive tissue. Sequencing of the 28 cDNA fragments and homol-
ogy search analysis demonstrated that 10 of them represented known genes, some of
which, in particular elafin (an elastase inhibitor) and ferritin, are considered to play
roles in the DTH reaction. The other 18 fragments are probably derived from unknown
genes. Cloning of the cDNAs of one of these genes indicated that it is that for guinea pig
tryptophanyl-tRNA synthetase (WRS), a protein found to be induced by interferon-7 and
upregulated during the late stages of mononuclear phagocyte maturation in vitro.
Strong induction of the WRS gene during the DTH reaction suggests its involvement in
the in vivo immune response.

Key words: delayed-type hypersensitivity, differential display analysis, guinea pig, skin,
tryptophanyl-tRNA synthetase.

Delayed-type hypersensitivity (DTH), an important in vivo
manifestation of the cell-mediated immune response, is
characterized by predominant infiltration of leukocytes in-
cluding antigen-specific T cells and antigen-nonspecific
effector cells, fibrin deposition, as well as augmentation of
vascular permeability at the site of antigen application (1,
2). Traditional DTH reactions include the tuberculin skin
reaction and hapten-induced contact hypersensitivity. In
both cases, Langerhans cells, which are the principal anti-
gen-presenting cells in the skin, are crucial for develop-
ment of the DTH reaction (3, 4). After the first application
of an antigen (sensitization), activated Langerhans cells
migrate to local lymph nodes, where they present the anti-
gen to and stimulate the clonal expansion of specific T lym-
phocytes (3-5). A second application of the same antigen
(elicitation) rapidly causes the infiltration and activation of
antigen-specific memory T cells and antigen-nonspecific
lymphocytes, which, in their turn, amplify the inflamma-
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tory reaction through the release of a variety of potent
mediators with chemotactic and activating effects on other
inflammatory cells (3, 4, 6). The products of activated infil-
trating leukocytes, resident cells, and peripheral nerve end-
ings at the site of elicitation are considered to function to-
gether to produce the DTH reaction.

Molecules including cytokines, chemokines, adhesion
molecules, and others have been shown to be involved in
the sensitization, elicitation, and modulation of the DTH
reaction. Treatment in vivo with anti-ICAM-1, anti-LFA-1
(7, 8), anti-IL-8 (9), anti-IL-12 (10), IL-1 receptor antago-
nist (11), or IL-10 (12), and knock-out of both E- and L-
selectins (13), CD4 (14), or interferon (IFN)--/ receptor (15)
were shown to suppress the DTH reaction, showing that
ICAM-1, LFA-1, IL-8, IL-12, IL-1, E-selectin, L-selectin,
CD4, and IFN-7 are indispensable or essential for DTH
induction, while IL-10 and IL-1 receptor antagonists act to
downmodulate the DTH reaction. The capacity of en-doge-
nous IL-10 to inhibit the skin DTH reaction is further sup-
ported by the fact that compared with wild type mice, mice
with targeted disruption of the IL-10 gene exhibited an
exaggerated DTH reaction in both magnitude and duration
(16). IL-1 was the first cytokine to be induced in the skin by
an allergen (17). Other cytokines as well as chemokines
such as IL-6 (12), GM-CSF (18), IL-5 (19), MIP-la (20), G-
CSF (21), IP-10 (22), MCP-1 (22), IL-2 (8, 12, 14, 19), and
TNFa (12,14,19) have also been reported to be involved in
development of the DTH reaction. We recently demon-
strated that intradermal injection of neutralizing antibod-
ies against TNFa or macrophage chemotactic factor
partially suppressed elicitation of the guinea pig skin DTH
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reaction (23, 24), providing additional evidence that-these.
cytokines are involved in development of the DTH reaction.

One of the obvious characteristics of the DTH reaction is
leukocyte infiltration (1,2). We observed that about 40% of
the leukocytes infiltrating into the DTH reaction site in
guinea pigs were of the monocyte/macrophage lineage (25).
In a kinetic study involving a gelatin sponge mouse model,
it was shown that neulrophils were the first leukocytes to
appear at the DTH-reactive site, followed by an increase in
lymphocytes and then monocytes (19). Although the cellu-
lar and molecular mechanisms underlying the DTH reac-
tion have been intensively investigated, the functions of
infiltrating leukocytes and skin resident cells in the elicita-
tion phase of the DTH reaction are not completely under-
stood. To gain more insight into the role of these cells in the
DTH reaction, we tried to identify, by means of the differen-
tial display technique (26), the genes whose expression is
elevated during elicitation of the skin DTH reaction in the
guinea pig. We chose the guinea pig as a model for a DTH
reaction, mainly because this model is considered the best
"predictive" rodent model for studying the DTH reaction
(27).

EXPERIMENTAL PROCEDURES

Induction of the DTH Reaction—Female Hartley albino
guinea pigs, purchased from SLC (Shizuoka), were housed
under conventional clean conditions at the Animal Re-
search Center of Toho University, Narashino Campus, for
at least one week before use to confirm the absence of dis-
ease. The guinea pigs were used at 6—7 weeks of age.

For induction of the DTH reaction, guinea pigs were sen-
sitized by s.c. injection, into their four foot pads (0.4 ml/
head), of dinitrochlorobenzene (DNCB, 100 jxg) emulsified
with Freund complete adjuvant (FCA) in the ratio of 1:1.
Two weeks later, 2.4 ml of a DNCB solution (in ethanol) or
ethanol (as a control) alone was painted onto an area of
shaved flank skin on the sensitized guinea pigs. At various
times afterwards, guinea pigs were sacrificed and the flank
skin was immediately excised for experiments.

Isolation of RNA from Skin-Infiltrating and Skin-Resi-
dent Cells—The preparation of skin-infiltrating cells (SIC)
and skin-resident cells (SRC) was performed in almost the
same way as previously described (25). Briefly, excised con-
trol or DTH-reactive skin was trimmed free of any subcuta-
neous tissue (including soft connective tissue and vascu-
lature), cut into 1 mm cubes in Hanks solution, and subse-
quently subjected to digestion for 15 min at 37°C with the
combination of collagenase (Nitta Gelatin, Osaka) and
DNase I (Sigma, USA) at final concentrations of 4 mg/ml
and 1 M-g/ml, respectively. The digested mixture was then
passed through 150-mesh filters, followed by centrifugation
at 1,200 rpm for 7 min to pellet the cells. Erythrocytes in
the cell pellet were removed by treatment with Tris-buff-
ered NH4C1 (0.83%). After 3 washes with Hanks solution,
the cells were suspended in phosphate-buffered saline and
then their number was determined with a hemocytometer.
SIC contained macrophages, neutrophils, lymphocyte-like
cells, and large and flattened cells, whereas SRC contained
a much larger percentage of large and flattened cells, in
good agreement with our previous results (25). The viabil-
ity of the isolated SIC or SRC was usually above 90%, as
determined by means of trypan blue exclusion. Crude

RNAs were isolated from SIC and SRC by use of QIAshred-
ders (QIAGEN, Germany) according to the manufacturer's
instructions. Then 50 \xg portions of the crude RNA sam-
ples were incubated with 10 units of RNase-free DNase I
(Boehringer, Germany) in 10 mM Tris-HCl, pH 8.3, 50 mM
KC1, and 1.5 mM MgClj in the presence of 10 units of pla-
cental ribonuclease inhibitor (Toyobo, Osaka) for 30 min at
37°C, followed by recovery with an RNeasy total RNA kit
(QIAGEN). The purified SIC- and SRC-RNAs were used
later in differential display experiments. For the extraction
of total RNA from skin tissue, excised skin was trimmed
free of any subcutaneous tissue (including soft connective
tissue and vasculature), minced into 1 mm cubes in a 4 M
guanidinium thiocyanate solution, and then homogenized
with a Polytron (Rinematica, Switzerland). The total RNA
in the homogenate was then extracted according to the
method of Chomczynski and Sacchi (28), and used for
Northern blot hybridization.

Differential Display Analysis—(a) Primers. Arbitrary
primers were designed by adding the GCGTGAATTC se-
quence (containing an .EcoRI site) to 26 10-mer deoxyoligo-
nucleotides, as reported (29). Anchored primers were de-
signed by adding the GCGCAAGCTT sequence (containing
a Hindu! site) to three kinds of one-base anchored 10 mer
oligo dT, as reported (30). The sequences of all the arbitrary
and anchored primers used in this study are summarized
in Table I. (b) Reverse transcription. A microfuge tube, con-
taining 25 |xl of diethylpyrocarbonate-treated H^O, 2 |xl of
human placental reverse transcriptase inhibitor (33 units/
ixl; Toyobo), 3 M-1 of purified SIC- or SRC-RNA (0.2 mg/ml),
6 JJLI of a 0.2 mM dNTP mixture, 3 p.1 of 20 jxM anchored
primer (either HT11C, HT11G, or HT11A), and 12 p.1 of 5x
reverse transcription buffer, was heated at 65°C for 5 min,
and then incubated at 37°C for 10 min. After the addition of
9 (j,l of Moloney murine leukemia virus reverse tran-
scriptase (20 units/(xl, BRL, USA) to the tube, the mixture
was further incubated at 37°C for 50 min. Finally, the reac-
tion mixture was heated at 95°C for 5 min, and then used
immediately or frozen at -70°C for later use. (c) PCR am-
plification and band separation. To each PCR tube, 3 |xl of
H^O, 1 (JLI of a reverse transcription mixture, 1 |JL1 of 10 X
Taq DNA polymerase buffer, 0.5 |xl of 50 mM MgCL,, 1 |xl of
a 40 JJLM dNTP mixture, 1 jil of 4 JJLM corresponding an-
chored primer, 1 p.1 of 4 jxM arbitrary primer, 1 \x\ of Taq
DNA polymerase (0.5 unit/p.1; Boehringer), and 0.5 JJLI of 10
mCi/ml fa-35S]dCTP (1,250 Ci/mmol; NEN, USA) were
added, followed by overlaying with 30 |xl of mineral oil. All
solutions were kept on ice to avoid any nonspecific anneal-
ing and extension. The cycling parameters were as follows:
94°C for 1 min, 40°C for 4 min, and 72°C for 2 min for the
first cycle, 94°C for 30 s, 60°C for 2 min, and 72°C for 1 min
for another 35 cycles, followed by post-extension at 72°C for
5 min. The cycling reaction was performed with a PC-700
Program Temperature Control System (ASTEC, Fukuoka).
The amplified cDNAs were then separated on a DNA se-
quencing gel (6% polyacrylamide, 8 M urea). At the end of
the electrophoresis, the sequencing gel was blotted onto a
piece of Whatman 3 MM paper, dried under vacuum, and
then examined with a BAS1000 Bio-Imaging analyzer (Fuji
Film, Tokyo), (d) Recovery and reamplification of target
cDNA fragments. For comparison of the cDNA band pat-
terns of SIC- and SRC-RNAs, the bands which only ap-
peared for SIC-RNA were considered as target bands. The

J. Biochem.



Identification and Cloning of Genes Associated with the Guinea Pig Skin Delayed-Type Hypersensitivity Reaction 563

target bands were cut out from the dried gel. Each gel slice
containing a target band was soaked in 100 |j.l of H^O to
allow rehydration. The cDNA was diffused out by boiling
the tube for 15 min, followed by ethanol precipitation. A
portion of the eluted cDNA was reamplified using the same
primer set.

Determination of the Sequences of cDNA Fragments—
The target cDNA fragments were inserted by A/T cloning
into the pGEM-T vector (Promega, USA) or by direct clon-
ing into the EcoRI- and //mdlll-digested pGEM-3Z vector.
DNA sequencing of cloned cDNA fragments with M13 uni-
versal or reverse primers was carried out with a Cy5™
AutoRead™ Sequencing kit (Amersham Pharmacia Bio-
tech, Tokyo) and an automated ALFred DNA sequencer
(Amersham Pharmacia Biotech).

The sequences of target cDNA fragments were compared
with all the nonredundant sequence data recorded in the
GenBank, EMBL, DDBJ, PIR, and SwissPort databases by
means of the FASTA and BLAST computer programs,
using a Supernig computer (National Institute of Genetics,
Shizuoka).

Northern Blot Hybridization—The total RNA was sepa-
rated on an agarose-formadehyde gel (1%) and then trans-
ferred to a piece of Hybond-C extra nitrocellulose mem-
brane (Amersham Pharmacia Biotech). The filter was hy-
bridized with a 32P-labeled cDNA probe as described previ-
ously (32). The probes, cloned target cDNA fragments or a
1,800-bp guinea pig p-actin cDNA fragment cloned in our
laboratory (data not shown), were labeled with 10 mCi/ml

TABLE I. Primer design for differential display."

No. Sequence (5' to 3') Abbreviation
Arbitrary primers

1 GCGTGAATTCTACAACGAGG (EAP1)
2 GCGTGAATTCTGGATTGGTC (EAP2)
3 GCGTGAATTCCTTTCTACCC (EAP3)
4 GCGTGAATTCTTTTGGCTCC (EAP4)
5 GCGTGAATTCGGAACCAATC (EAP5)
6 GCGTGAATTCAAACTCCGTC (EAP6)
7 GCGTGAATTCTCGATACAGG (EAP7)
8 GCGTGAATTCTGGTAAAGGG (EAP8)
9 GCGTGAATTCTCGGTCATAG (EAP9)
10 GCGTGAATTCGGTACTAAGG (EAP10)
11 GCGTGAATTCTACCTAAGCG (EAP11)
12 GCGTGAATTCCTGCTTGATG (EAP12)
13 GCGTGAATTCGTTTTCGCAG (EAP13)
14 GCGTGAATTCGATCAAGTCC (EAP14)
15 GCGTGAATTCGATCCAGTAC (EAP15)
16 GCGTGAATTCGATCACGTAC (EAP16)
17 GCGTGAATTCGATCTGACAC (EAP17)
18 GCGTGAATTCGATCTCAGAC (EAP18)
19 GCGTGAATTCGATCATAGCC (EAP19)
20 GCGTGAATTCGATCAATCGC (EAP20)
21 GCGTGAATTCGATCTAACCG (EAP21)
22 GCGTGAATTCGATCGCATTG (EAP22)
23 GCGTGAATTCGATCTGACTG (EAP23)
24 GCGTGAATTCGATCATGGTC (EAP24)
25 GCGTGAATTCGATCATAGCG (EAP25)
26 G C G T G A A T T C G A T C T A A G G C (EAP26)

One-base anchored primers
1 GCGCAAGCTTTTTTTTTTTC (HT11C)
2 GCGCAAGCTTTTTTTTTTTG (HT11G)
3 G C G C A A G C T T T T T T T T T T T A (HT11A)

"The abbreviations used for the arbitrary and one-base anchored
primers are: EAP, ScoRI-site attached arbitrary primer; HT11C
(or G or A), HmdIII-site attached oligo dT(ll) deoxycytidylate (or
deoxyguanylate or deoxyadenylate)-anchored primer.

[a-32P]dCTP (3,000 Ci/mmol; ICN, USA) by random prim-
ing using a BcaBEST™ Labeling kit (TaKaRa, Tokyo). The
hybridized filter was processed with a BAS1000 Bio-Imag-
ing analyzer (Fuji Film). Signal intensities were normal-
ized as to that of (3-actin mRNA on corresponding filters to
correct for the RNA quantities loaded.

R

Fig. 1. Parts of autoradiograms of differential display gels.
The anchored and arbitrary primers used were HT11C and EAP24
(Table I), respectively. The differentially expressed bands between
SRC (R) and SIC (I) are indicated by arrows.

TABLE II. The identified genes differentially expressed dur-
ing the DTH reaction.

cDNA clone

Name Insert size
(bp)

Results of a homology search in nonredundant
data banks using BLAST and FASTA

K-cl 167 unique
f2-c4 129 unique
f3-cl 141 elafin
f7-cl 124 unique, 90% homology with D31886*
fl3-cl 149 mitochondrion cytochrome b
f31-cl 162 unique
f32-cl 201 unique
f32-c3 156 ribosomal RNA
f36-cl 90 MHC class II antigen
f36-c2 73 unique
f49-cl 515 ferritin heavy chain
f56-cl 253 unique, 70% homology with AA323500*
f56-c3 231 unique
f59-cl 358 unique, 65% homology with AA261572* i

T67068*
f59-c2 159 //ox-1.7 protein
f59-c3 312 unique, 90% homology with AC0015*
fB2-cl 194 unique
fB2-c3 127 ribosomal L34 protein
©4-cl 184 unique, 60% homology with H11836*
fl20-cl 246 unique, 80% homology with N53996*
fl20-c2 275 unique
fl27-cl 213 unique, 80% homology with AA211693*
fl41-cl 160 unique
fl41-c2 110 unique
fl56-c2 124 unique
f211-cl 287 B cell activation gene
f232-cl 326 a chain of MHC class II antigen
f235-c2 170 T cell receptor

*Accession number of EST, STS, GSS, or HTGS sequence data.
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Construction of a cDNA Library and cDNA Cloning—A
guinea pig splenocyte-derived cDNA library was con-
structed by use of a lambda ZAPII predigested EcoRV
CIAP-treated vector kit with the Gigapacklll gold packag-
ing extract (Stratagene, USA). The cDNA was synthesized
on the mRNA derived from guinea pig splenocytes stimu-
lated with concanavalin A (Con A) for 6 h by use of a cDNA
synthesis kit (Stratagene). For the cloning of specific cDNA,
about 1 X 106 pfu was screened by routine plaque hybrid-
ization with a 32P-labeled probe. The positive clones were
converted into phagemids according to the in vivo excision
procedure (Stratagene).

RESULTS

Differential Display Analysis—To identify genes in SIC
which might be important in the guinea pig skin DTH reac-
tion, gene expression at the mRNA level in SIC was com-
pared with that in SRC by differential display analysis.
When both SIC and SRC RNAs were reverse-transcribed
using HT11C (Table I), and subsequently amplified with

the combination of HT11C and EAP24 (Table I), three addi-
tional cDNA bands, each corresponding to the 3' end of a
mRNA species, were observed (Fig. 1), suggesting that
three genes might be newly expressed in SIC during the
DNCB-induced guinea pig skin DTH reaction. On differen-
tial display analysis in the same way, using combinations of
the 3 anchored and 26 arbitrary primers (Table I), 250
bands were obtained.

Detection of Genes Expressed during the DNCB-induced
DTH Reaction—As it was impractical to simultaneously
characterize all the 250 genes that were expressed in SIC
within DTH-reactive skin tissue, 50 cDNA bands, amount-
ing to 1/5 of those obtained, were randomly chosen for fur-
ther characterization. In order to determine whether or not
the 50 bands represented true differences between SIC and
SRC, we performed Northern blot hybridization (26) using
RNA isolated from 24-h sham-treated (control, left flank)
and DNCB-elicited (right flank) skin tissue of the same
guinea pigs, because it was very difficult to obtain sufficient
amounts of SIC- and SRC-derived RNAs (data not shown).
Using 32P-labeled cDNA fragments amplified from the 50

1 GCGGACGAGCCCGACAGCCAGCTGCTTGCCTCCCCGCTGCAGCTATTCAACGGCATAGCU 6 0
A D E P D S Q L L A S P L Q L F N G I A

61 GCCCAGGGGGAGCGCGTGCGGGCCCTCAAGGACGCAAAGGCGCCAAAGGATGACATCGAC 120
A Q G E R V R A L K D A K A P K D D I D

121 TCTGCAGTCAAGTTGCTCTTGTCATTAAAAATGAACTACAAAGCCACCGTGGGGGAGGAT 180
S A V K L L L S L K M N Y K A T V G E D

181 TACAACCCTGACTGCCCCCCGGGAACCCTGGCGCCTGGGACCAAGGGTGGCCAGGAGGAC 240
Y N P D C P P G T L A P G T K G G Q E D

241 TGCGAGGACTTCGTGGACCCGTGGACAGTGCGGACGAGCAGCGCCAAAGGCATCGACTAT 300
C E ' D F V D P W T V R T S S A K G I D Y

301 GACAAGCTTATAGTTCAGTTCGGGAGCAGTAAGATTGACAAAGAGCTGATCAACCGGATA 360
D K L I V Q F G S S K I D K E L I N R I

361 GAGAGGGCCACCAAGCAGCGGCCACACCGCTTCCTGCGCAGAGGCGTCTTCTTCTCACAC 420
E R A T K Q R P H R F L R R G V F F S H

421 AGAGATATGAACCAAGTGCTGGACGCCTATGAGAGCGGGAAGCCGTTTTACCTGTACACG 480
R D M N Q V L D A Y E S G K P F Y L Y T

481 GGCCGGGGCCCCTCCTCCGAAGCC ATGCACGTCGGCCACCTCATCCCGTTCATCTTTACC 540
G R G P S S E A M H V G H L I P F I F T

541 AAGTGGCTGCAGGACGTGTTCAACGTGCCCCTGGTGGTCCAGATGTCCGACGACGAGAAG 600
K W L Q D V F N V P L V V Q M S D D E K

601 TACCTGTGGAAGGACCTGACCCTGGAGCAGGCCTACGGCTACACCCTGGAGAACGCCAAG 660
Y L W K D L T L E Q A Y G Y T L E N A K

661 GACATCATCGCCTGCGGCTTCGACATCAACAAGACCTTCATCTTCTCCGACCTGGAGTAC 720
D I I A C G F D I N K T F I F S D L E Y

721 ATGGGGATGAGCCCAGGCTTCTACAAGAATGTGGTGAAGATTCAGAAGCACGTCACCTTC 780
M G M S P G F Y K N V V K I Q K H V T F

781 AACCAGGTGAAGGGCATCTTCGGCTTCACCGACAGCGACTGCATCGGGAAGATCAGTTTC 840
N Q V K G I F G F T D S D C I G K I S F

841 CCCGCCGTGCAGGCCGCGCCCTCCTTCAGCAACTCGTTCCCGCAGATCTTCCGGGACCGG 900
P A V Q A A P S F S N S F P Q I F R D R

901 ACGGACATCCAGTGCCTCATCCCGTGTGCCATTGACCAGGATCCCTACTTCAGGATGACG 960
T D I Q C L I P C A I D Q D P Y F R M T

961 CGGGACGTGGCCCCCAGGATCGGCTACCCGAAGCCAGCCCTGCTGCACTCCACCTTCTTC 1020
R D V A P R I G Y P K P A L L H S T F F

1021 CCCGCCCTGCAGGGCGCCCAGACCAAGATGAGCGCCAGCGACCCCAACTCCTCCATCTTC 1080
P A L Q G A Q T K M S A S D P N S S I F

1081 CTC ACCGACTCGGCCAAGCAGATCAAGACCAAGGTCAATAAGCACGCGTTCTCCGGAGGC 1140
L T D S A K Q I K T K V N K H A F S G G

1141 CGGGACACCGTGGAGGAGCACCGGCAGTTCGGGGGCAACTGTGACGTGGACGTGTCCTTC 1200
R D T V E E H R Q F G G N C D V D V S F

1201 ATGTACCTGACCTTCTTCCTGGAGGACGATGACCGGCTGGAGCAGATCCGCAAGGACTAC 1260
M Y L T F F L E D D D R L E Q I R K D Y

1261 ACC AGCGGGGCCATGCTCACCGGAGAGCTCAAGAAGACCCTCATTGACGTCCTGCAGCCC 1320
T S G A M L T G E L K K T L I D V L Q P

1321 CTGATCGCCGAGCACCAGGCCCGGCGCAAGGAGGTCACCGACGAGATGGTGAAGGAGTTC 1380
L I A E H Q A R R K E V T D E M V K E F

1381 ATGACCCCCCGGCCCCTGTCCTTCCACTTCCAGTAGCGCCCCTCAGCGCCCCCGAGGCTG 1440
M T P R P L S F H F Q *

1441 CCGTCCGCGGTAATCCTAGGTCATTCCCGGCGCCTGCCAGCCCTGCATGTGTTACGGATT 1500
1501 CCGGTTCTTCCTCTGACGTCTGTCCTTCCTGTCACCTGGGTAATCGGGTACTGGCTCACG 1560
1561 TCGTGTGGCCAGATAGGAAGCCCACAGGAGGCTCCCCACATGGATCCCAGCCATGGCCTG 1620
1621 TGCCGCCCAGAGCCACCAGGATTTCAGGTGCACCCCCAAGATGCTCCACGAGAAACCACT 1680
1681 TCATTGTGTGTGTGTGGATGATCCAAACATCATCCTTCTAAAAGTACCATGGAAAATGGA 1740
1741 TGTGACAGTGTCATGGGCACAGGACATTGGAGCCCGTGCCCCTCAAAAAAGAAATTGACC 1800
1801 ACTCAGAGCTCTGCGGAGCACTTGACCAAGATTGGGTCTGGGGTATGGCTCCCTGCAGAG 1860
1861 C AGCTAGCCTAGATACGTGTCAGCAGGTGACAACCTAGTGCCCTGAGTAAGTAGTTGTCC 1920
1921 AGCATCTCAGCTGCCTGCACGCTGGCCCTGGTGTCACGGGTTTCCCGAGCTAGCCAGCTC 1980
1981 AAGACCAGGGGCGTCCTCACTCTGTGGATCATACTCCTCACCCCTAATGCGCAGGCTTTA 2040
2041 CAGCAAACAAGCCAGAACTCCCTCTGCCCAATCCGGGGAGCCCTTTACCCAGGAGACGCT 2100
2101 GAAACACTGTTACCTTGCAGATGCTTTTGACTCTTAACCTCAGCGGAAGTCAGCACAGAG 2160
2161 CCTTGGCAGGGCGTGCAGCTGGTGGACCTAACCGAACGCGCGTGGGTGCCCAGGGCTCAG 2220
2221 CCTCCTGTGCGCAGTGACCTCTGATTCCATGTGTAGGCTCCATGGGCAGAGCCGCCCCTT 2280
2281 GGGGGAAAGTCCTGGGTGCCAAACTGACGGTCCTTGGACTTGCAGGTCCACACTGGGTGC 2340
2341 TCTGCCCTCCCGCACTCTCAGCCTAATAAftCGAACTTTACTCCTGAAAAAAAA 2393

Fig. 2. Nucleotide sequence of guinea pig
fl20-c2 cDNA^The 2,393-nt-long fl20-c2 cDNA is
presented, as is the 471 amino acid sequence de-
duced from an open reading frame. The EcoRl site-
containing adapter sequences at both ends are
omitted. The nt positions are numbered from the
5'-most end. The termination codon is denoted by
an asterisk and the polyadenylation signal se-
quence is shaded. The nucleotide sequence corre-
sponding to an insert of fl20-c2 is underlined.
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cDNA bands as probes, 28 fragments were confirmed to re-
present differentially expressed cDNAs in the 24-h DNCB-
induced skin tissue as compared to the control skin tissue
of the same guinea pigs.

We then cloned the 28 fragments into the pGEM vector,
and determined their sequences. As shown in Table II, the
28 cloned fragments ranged from 73 bp to 515 bp after the
removal of both arbitrary and anchored primer sequences
at both ends. By means of both the FASTA and BLAST
computer programs the sequences of the 28 cloned frag-
ments were compared with all of the nonredundant DNA
sequences previously reported in the GenBank, EMBL,
DDBJ, PIR, and SwissPort databases. These results reveal-
ed that 18 cloned fragments were probably "unique," mean-
ing that they did not exhibit significant homology with any
reported DNA sequences. The other 10 cloned fragments
were the counterparts of guinea pig genes, such as those for
MHC antigen, T cell antigen receptor, elafin, mitochondrion
cytochrome b, ferritin heavy chain, ribosomal RNA, riboso-
mal L34 protein, and Hox-1.7 protein.

Cloning of fl20-c2 cDNA—We screened a cDNA library
from guinea pig splenocytes with a 32P-labeled insert frag-
ment of fl20-c2 (Table II), because mRNA for fl20-c2 was
highly induced during the DTH reaction. One of several
positive clones, fl20-c2-5, contained an insert of 2,393 bp
(Fig. 2). In this clone there was only one possible open read-
ing frame that could produce a peptide of 471 amino acids,
a long 3'-untranslated region of 978 bp, and a polyadenyla-

tion signal sequence.
Comparison of the deduced amino acid sequence of fl20-

c2-5 (Fig. 2) with the PIR and SwissPort peptide databases
revealed that an open reading frame exhibited 84% homol-
ogy with human and mouse WRS (32, 33) (Fig. 3), appar-
ently indicating that the cloned fragment from fL20-c2 is
the guinea pig WRS gene.

Expression of WRS mRNA—The kinetics of expression of
WRS mRNA in the skin cells during the DTH reaction
were examined (Fig. 4A). WRS mRNA was induced at 12 h
after elicitation of the DNCB-induced guinea pig skin DTH
reaction, and was still high at 24 and 48 h after elicitation.
We next investigated the expression of WRS mRNA in the
immune cells (Fig. 4B). WRS mRNA was expressed in
spleen cells (lane 1) and thioglycollate medium (TGC)-elic-
ited peritoneal macrophages (lane 4). When spleen cells
were stimulated with Con A (lane 2) or lipopolysaccharide
(LPS) (lane 3), or peritoneal macrophages with LPS (lane
5), the expression of WRS mRNA was upregulated. On the
contrary, WRS mRNA was hardly detected in both unstim-
ulated and Con A-stimulated thymic cells (lanes 6 and 7).
WRS mRNA was also expressed in various tissues of
guinea pig other than thymus, including spleen, brain,
heart, lung, kidney, adrenal gland, uterus, ovary, bladder,
and small intestine (data not shown). The level of WES
mRNA was not significantly different after elicitation (data
not shown).

1: -ADEPDSQLLASPLQLFNGIAAQGERVRALKDAKAPKDDIDSAVKLLLSLKMNYKATVGE 59
1: MPNSEP-ASLLELFNSIATQGELVRSLKAGNASKDEIDSAVKMLVSLKMSYKAAAGE 56
1:MADMPSGESCTSPLELFNSIATQGELVRSLKAGNAPKDEIDSAVKMLLSLKMSYKAAMGE 60

* * * *** * * * * * * * * + * * * * * * * * * * * * * * *** **

60:DYNPDCPPG-TLAPGTKGGQ—EDCEDFVDPWTVRTSSAKGIDYDKLIVQFGSSKIDKEL 116
57:DYKADCPPGNPAPTSNHGPDATEAEEDFVDPWTVQTSSAKGIDYDKLIVRFGSSKIDKEL 116
61:EYKAGCPPGNPTAGRNCDSDATKASEDFVDPWTVRTSSAKGIDYDKLIVQPGSSKIDKEL 120

* **** ********* ************** *********

117 : INRIERATKQRPHRFLRRGVFFSHRDMNQVLDAYESGKPFYLYTGRGPSSEAMHVGHLIP 176
117:INRIERATGQRPHHFLRRGIFFSHRDMNQVLDAYENKKPFYLYTGRGPSSEAMHVGHLIP 176
121:INRIERATGQRPHRFLRRGIFFSHRDMNQILDAYENKKPFYLYTGRGPSSEAMHLGHLVP 180

177:FIFTKWLQDVFNVPLWQMSDDEKYLWKDLTLEQAYGYTLENAKDIIACGFDINKTFIFS 2 36
177:FIFTKWLQDVFNVPLVIQMTDDEKYLWKDLTLDQAYGDAVENAKDIIACGFDINKTFIFS 2 36
181:FIFTKWLEDVFNVPLVIQMSDDEKYLWKDLTLEQAYSYTVENAKDIIACGFDINKTFIFS 240

237:DLEYMGMSPGFYKNWKIQKHVTFNQVKGIFGFTDSDCIGKISFPAVQAAPSFSNSFPQI 296
237:DLDYMGMSSGFYKNWKIQKHVTFNQVKGIFGFTDSDCIGKISFPAIQAAPSFSNSFPQI 296
241:DLEYMGQSPGFYRNWKIQKHVTFNQVKGIFGFTDSDCIGKSSFPAVQAAPSFSNSFPKI 300

297:FRDRTDIQCLIPCAIDQDPYFRMTRDVAPRIGYPKPALLHSTFFPALQGAQTKMSASDPN 356
2 97:FRDRTDIQCLIPCAIDQDPYFRMTRDVAPRIGYPKPALLHSTFFPALQGAQTKMSASDPN 356
301:FRDRTDIQCLIPCAIDQDPYFRMTRDVAPRIGHPKPALLHSTFFPALQGAQTKMSASDPN 360

357 : SSIFLTDSAKQIKTKVNKHAFSGGRDTVEEHRQFGGNCDVDVSFMYLTFFLEDDDRLEQI 416
357 : SSIFLTDTAKQIKTKVNKHAFSGGRDTIEEHRQFGGNCDVDVSFMYLTFFLEDDDKLEQI 416
361:SSIFLTDTAKQIKSKVNKHAFSGGRDTVEEHRQFGGNCEVDVSFMYLTFFLEDDDRLEQI 420

417:RKDYTSGAMLTGELKKTLIDVLQPLIAEHQARRKEVTDEMVKEFMTPRPLSFHFQ 471
417 :RKDYTSGAMLTGELKKALIEVLQPLIAEHQARRKEVTDEIVKEFMTPRKLSFDFQ 471
421: RKDYTSGAMLTGELKKTLIDVLQPLIAEHQARRKAVTEETVKEFMTPRQLSFHFQ 4 75

Pig. 3. Amino acid sequence homology among guinea pig, human and mouse WRS. The amino acid sequences of W H S from guinea
pig f!20-c2 cDNA (upper line, refer to Fig. 2), human (middle line) (31), and mouse (lower line) (32) are aligned.
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(A)
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(5-actin
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Fig. 4. (A) Kinetic studies of WRS mRNA expression during
the DNCB-induced guinea pig skin DTH reaction. Guinea pigs
sensitized 10 days previously were treated with DNCB for induction
of the DTH reaction. At the times specified after the treatment, total
RNA was extracted from guinea pig skin. Specific signals for WRS
and p-actin were detected by Northern blot hybridization of the
same filter. The time after induction and the level of WRS mRNA
relative to the control (0 h) after normalization as to that of pS-actin
mRNA are shown at the top and middle, respectively. (B) Expres-
sion of WRS mRNA in immune cells. Total RNA was isolated
from ciiiiiCS pis cells £nd thsn Northern blot hybridization was per-
formed. Lane 1, spleen cells; lane 2, spleen cells stimulated with 5
|xg/ml Con A for 4 h; lane 3, spleen cells stimulated with 1 |xg/ml LPS
for 4 h; lane 4, TGC-elicited peritoneal macrophages; lane 5, TGC-
elicited peritoneal macrophages stimulated with 1 fig/ml LPS for 4
h; lane 6, thymic cells; lane 7, thymic cells stimulated with 5 (xg/ml
Con A for 4 h.

DISCUSSION

DTH is characterized by the infiltration of a large number
of leukocytes (1-6,19,25). Recent studies have established
that many cytokines and chemokines (3, 9, 11, 12, 15, 24,
34), some adhesion molecules (7, 8, 13, 14, 34), and some
neurohormones (34, 35) participate in this process. How-
ever, it can be speculated that many other gene products
are also involved. It is therefore considered that DTH must
be a highly complicated process like many other in vivo
body responses. To isolate the genes involved in the DTH
reaction, differential display analysis was carried out to
compare the gene expression profiles of SIC and SRC. We
obtained 250 bands that seemed to be specifically express-
ed in SIC isolated from 24-h guinea pig DTH-reactive skin.
Characterization of 50 randomly chosen cDNA bands
revealed that 28 cDNA fragments probably represented
genes which were expressed during the DNCB-induced
guinea pig skin DTH reaction (Table II).

Among the 28 cloned fragments cloned, 10 represent
genes were previously reported (Table II). It is possible that
upregulation of MHC and T cell antigen receptor molecules
during the DTH reaction is responsible for their roles in the
in vivo immune response. The elevated expression of the
ribosomal RNA or protein and mitochondrion cytochrome b
genes is probably an indicator of active metabolism and
protein synthesis in the leukocytes infiltrating at the site of
the DTH reaction. Of interest is that the expression of the
ferritin heavy chain, elafin and Hox-1.7 genes was also
upregulated. Due to its dual functions in iron detoxification
and as an iron reserve, ferritin in monocytes/macrophages
plays a key role in ferric iron metabolism, which is well

known to be important in defensive responses to microor-
ganism infections (36,37). Elafin, a recently found elastase-
specific inhibitor, is predominantly produced by epithelial
cells (38) and also exists in a small amount in neutrophils
(39). Elafin and elastase have also been proposed to regu-
late blood vessel formation (40). Hox-1.7 is a guinea pig
homeobox gene (41). In general, homeobox genes function
as master genes in controlling tissue identity and pattern
formation during ontogeny. Homeobox genes have been
suggested to control leukomogenesis (42), and to have a
proliferative effect on activated T cells (43) and NK cells
(44). Nevertheless, it is not known whether or not they are
involved in control of the in vivo immune response. The
roles of the ferritin, elafin, and Hox-1.7 gene products in
the DTH reaction need further investigation.

The screening of a guinea pig splenocyte-derived cDNA
library with an insert of fl20-c2 as a probe revealed that
cloned fl20-c2-5 is a 2,393-bp fragment with one possible
open reading frame capable of encoding a peptide of 471
amino acid residues (Fig. 2). A homology search showed
that this peptide is the guinea pig WRS cDNA because
fl20-c2-5 exhibits 84% homology with human and mouse
WRS (Fig. 3). In particular, a C-terminal portion of guinea
pig WRS, from residue 82 to the C-tenninal end (refer to
Fig. 3), exhibits 90% homology with them. In contrast, an
insert of fl20-c2 corresponds to a 3'-terminal of WRS cDNA
(Fig. 2), and a 3'-untranslated region of WRS exhibits less
homology than the coding region (32,33). This is why fl20-
c2 was first identified as a unique gene.

WRS, a house-keeping gene, was first found to be induc-
ible by IFN by Fleckner et al. (46). WRS mRNA was shown
to be strongly induced by IFN-7 in a human monocytic cell
line, THP-1 (47), and to be involved in mononuclear phago-
cyte maturation (48). Xue and Wong (49) hypothesized that
the induction of WRS might help in safeguarding tryp-
tophan incorporation for IFN-enhanced synthesis of immu-
nological molecules. It has been postulated that the Thl
cell is the "inducer" of the DTH response since it secretes
IFN-7 (50). The findings that guinea pig WRS mRNA was
expressed in macrophages and spleen cells, and that their
expression was augmented by LPS or Con A therefore sug-
gested that WRS may be induced by macrophages via IFN-
7. Further, WRS mRNA was highly expressed in SIC, al-
though the amount of SIC RNA obtained was only approxi-
mately one-hundredth that of total skin RNA (data not
shown). These results suggested that the expression of
WRS was induced in infiltrating macrophages in associa-
tion with the guinea pig DTH reaction. Determination of
the biological significance of this induction awaits further
study.

It has been reported that an alternatively spliced form of
WRS mRNA was produced by the use of an alternative
polyadenylation site in mouse and human (33, 45). An
alternatively spliced form of human WRS mRNA induced
by IFN-7 possesses a shorter 3'-end than commonly ex-
pressed WRS mRNA (45). Our cloned guinea pig WRS
cDNA corresponded to the commonly expressed mRNA in
mouse and human, and an alternative polyadenylation se-
quence could not be found in the 3'-untranslated region. In
agreement with this, only one band of guinea pig WRS
mRNA was detected by Northern blot hybridization.

Recently, it was demonstrated that the C-terminal do-
main of mammalian tyrosyl-tRNA synthetase (YRS), which
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is not essential for aminoacylation function, exhibits the
same cytokine activities as endothelial monocyte-activat-
ing polypeptide II (52). If WRS exhibits similar activities,
the induction of WRS mRNA suggests that WRS itself may
play an important role in the DTH reaction. It is worth
investigating whether or not WRS has cytokine-like activi-
ties like YRS.

In this study, we identified a number of cDNA fragments
that are upregulated in the DTH reactive skin tissue.
Among them we cloned guinea pig WRS and revealed that
after elicitation the upregulation of WRS was rather re-
stricted to the skin. Additional studies are necessary to
determine whether or not the elevated expression of these
genes is critical for the DTH reaction.

We are very grateful to Dr. E. Wilcox (Laboratory of Molecular
Biology, National Institute of Deafness, National Institutes of
Health, USA) for sharing the sequence information on the 3'
region of guinea pig actin with us.

REFERENCES

1. Turk, J.L. (1980) Delayed Type Hypersensitiuity, 2nd ed. Else-
vier/North Holland Biomedical Press, Amsterdam

2.'' Dvorak, H.F., Galli, S.J., and Dvorak, A.M. (1980) Expression of
cell-mediated hypersensitivity in vivo—recent advances. Int.
Rev. Exp. Pathol. 21, 119-194

3. Kimber, I. and Cumberbatch, M. (1992) Dendritic cells and
cutaneous immune responses to chemical allergens. Toxicol.
Appl. Pharmacol. 117, 137-147

4. Bos, J.D. and Kapsenberg, MX. (1993) The skin immune sys-
tem: Progress in cutaneous biology. Immunol. Today 14, 75—78

5. Cavani, A., Hackett, C.J., Wilson, K.J., Rothbard, J.B., and
Katz, S.I. (1995) Characterization of epitopes recognized by
hapten-specific CD4+ T cells. J. Immunol. 154, 1232-1238

6. Kalish, R.S. (1991) Recent developments in the pathogenesis of
allergic contact dermatitis. Arch. Dermatol. 127, 1558-1563

7. Ma, J., Wang, J.H., Guo, Y.J., Sy, M.S., and Bigby, M. (1994) In
vivo treatment with anti-ICAM-1 and anti-LFA-1 antibodies
inhibits contact sensitization-induced migration of epidermal
Langerhans cells to regional lymph nodes. Cell. Immunol. 158,
389-399

8. Murayama, M., Yasuda, H., Nishimura, Y., and Asahi, M.
(1997) Suppression of mouse contact hypersensitivity after
treatment with antibodies to leukocyte function-associated
antigen-1 and intercellular adhesion molecule-1. Arch. Derma-
tol. Res. 289, 98-103

9. Larsen, C.G., Thomsen, M.K., Gesser, B., Thomsen, P.D., Deleu-
ran, B.W., Nowak, J., Skodt, V., Thomsen, H.K., Deleuran, M.,
Thestrup-Pedersen, K, Harada, A., Matsushima, K, and
Menne, T. (1995) The delayed-type hypersensitivity reaction is
dependent on IL-8: Inhibition of a tuberculin skin reaction by
anti-IL-8 antibody. J. Immunol. 155, 2151-2157

10. Riemann, H., Schwarz, A., Grabbe, S., Aragane, Y., Luger, T.A.,
Wysocka, M., Kubin, M., Trinchieri, G., and Schwarz, T. (1996)
Neutralization of IL-12 in vivo prevents induction of contact
hypersensitivity and induces hapten-specific tolerance. J. Im-
munol. 156,1799-1803

11. Kondo, S., Pastore, S., Fujisawa, H., Shiyji, G.M., Mckenzie,
R.C., Dinarello, C.A., and Sauder, D.N. (1995) Interleukin-1 re-
ceptor antagonist suppresses contact hypersensitivity. J. Invest.
Dermatol. 105, 334-338

12. Li, L., Elliott, J.F., and Mosmann, T.R. (1994) IL-10 inhibits
cytokine production, vascular leakage, and swelling during T
helper 1 cell-induced delayed-type hypersensitivity. J. Immu-
nol. 153,3967-3978

13. Staite, N.D., Justen, J.M., Sly, L.M., Beaudet, A.L., and Bullard,
D.C. (1996) Inhibition of delayed-type hypersensitivity in mice
deficient in both E-selectin and L-selectin. Blood 88, 2973-2979

14. Fujisawa, H., Kondo, S., Wang, B., Shiyji, G.M., and Sauder,
D.N. (1996) The role of CD4 molecules in the induction phase of
contact hypersensitivity cytokines profiles in the skin and
lymph nodes. Immunology 89, 250-255

15. Saulnier, M., Huang, S., Aguet, M., and Ryffel, B. (1995) Role of
interferon-gamma in contact hypersensitivity assessed in inter-
feron-gamma receptor-deficient mice. Toxicology 102, 301—312

16. Berg, D.J., Leach, M.W., Kuhn, R., Rajewsky, K, Mueller, W,
Davidson, N.J., and Rennick, D. (1995) Interleukin 10 but not
interleukin 4 is a natural suppressant of cutaneous inflamma-
tory responses. J. Exp. Med. 182, 99-108

17. Enk, A.H. and Katz, S.I. (1995) Contact sensitivity as a model
for T-cell activation in skin. J. Invest. Dermatol. 105, 80S-83S

18. Kondo, S., Pastore, S., Shiyji, G.M., Mckenzie, R.C., and Sauder,
D.N. (1994) Characterization of epidermal cytokine profiles in
sensitization and elicitation phases of allergic contact dermati-
tis as well as irritant contact dermatitis in mouse skin. Lym-
phokine Cytokine Res. 13, 367-375

19. Buchanan, K.L. and Murphy, J.W. (1997) Kinetics of cellular
infiltration and cytokine production during the, .efferent phase
of a delayed-type hypersensitivity reaction. Immunology 90,
189-197

20. Doyle, H.A. and Murphy, J.W. (1997) MIP-1 alpha contributes
to the anticryptococcal delayed-type hypersensitivity reaction
and protection against Cryptococcus neoformans. J. Leukoc.
Biol. 61, 147-155

21. Terashita, M., Kudo, C, Yamashita, T, Gresser, I., and Sendo,
F. (1996) Enhancement of delayed-type hypersensitivity to
sheep red blood cells in mice by granulocyte colony-stimulating
factor administration at the elicitation phase. J. Immunol. 156,
4638-4643

22. Gautam, S., Battisto, J., Major, J.A., Armstrong, D., Staler, M.,
and Hamilton, T.A. (1994) Chemokine expression in trinitro-
chlorobenzene-mediated contact hypersensitivity. J. Leukoc.
Biol. 55, 452-460

23. Yoshizuka, N, Yoshimura, M., Tsuchiya, S., Okamoto, K, Koba-
yashi, Y., and Osawa, T. (1989) Macrophage chemotactic factor
(MCF) produced a human T cell hybridoma clone. Cell. Immu-
nol. 123, 212-225

24. Higashi, N, Yoshizuka, N, Ohuchi, A., Osawa, T., and Koba-
yashi, Y. (1995) Involvement of inflammatory cytokines in a
delayed-type hypersensitivity reaction. Cell. Immunol. 161,
288-294

25. Higashi, N, Yoshizuka, N., and Kobayashi, Y. (1995) Pheno-
typic properties and cytokine production of skin-infiltrating
cells obtained from guinea pig delayed-type hypersensitivity
reaction sites. Cell. Immunol. 164, 28-35

26. Liang, P. and Pardee, A.B. (1995) Recent advances in differen-
tial display. Curr. Opin. Immunol. 7, 274-280

27. Gell, P.G.H. and Benacerraf, B. (1961) Delayed hypersensitivity
to simple protein antigens. Adv. Immunol. 1, 319-343

28. Chomczynski, P. and Sacchi, N. (1987) Single step method of
RNA acid guanidinium thiocyanate-phenol-chloroform extrac-
tion. Anal. Biochem. 162, 156-159

29. Bauer, D., Muller, H., Reich, J., Riedel, H., Ahrenkiel, V., War-
thoe, P., and Strauss, M. (1993) Identification of differentially
expressed mRNA species by an improved display technique
(DDRT-PCR). Nucleic Acids Res. 21, 4272-4280

30. Liang, P., Zhu, W., Zhang, X., Guo, Z., O'Connell, R.P., Aver-
boukh, L., Wang, E, and Pardee, A.B. (1994) Differential dis-
play using one-base anchored oligo-dT primers. Nucleic Acids
Res. 22, 5763-5764

31. Yang, D., Hayashi, H., Takii, T, Mizutani, Y., Inukai, Y., and
Onozaki, K (1997) Interleukin-1-induced growth inhibition of
human melanoma cells: interleukin-1-induced antizyme ex-
pression is responsible for ornithine decarboxylase activity
down-regulation. J. Biol. Chern. 272, 3376-3383

32. Frolova, L.Yu, Sudomoina, M.A., Grigorieva, A.Yu., Zinovieva,
O.L., and Kisselev, L.L. (1991) Cloning and nucleotide sequence
of the structural gene encoding for human tryptophanyl-tRNA
synthetase. Gene 109, 291-296

33. Pajot, B., Sarger, C, Bonnet, J., and Justesen, M. (1994) An

Vol. 129, No. 4,2001



568 D. Yang et al.

alternative splicing modifies the C-terminal end of tryptopha-
nyl-tRNA synthetase in murine embryonic stem cells. J. Mol.
Biol. 242, 599-603

34. Luger, T.A., Bhardwaj, R.S., Grabbe, S., and Schwarz, T. (1996)
Regulation of the immune response by epidermal cytokines and
neurohormones. J. Dermatol. Sci. 13, 5-10

35. Reichlin, S. (1993) Neuroendocrine-immune interactions. N.
Engl. J. Med. 329, 1246-1253

36. Harrison, P.M. and Arosio, P. (1996) The ferritins: molecular
properties, iron storage function and cellular regulation. Bio-
chim. Biophys. Acta 1275, 479-514

37. Chasteen, N.D. (1998) Ferritin: Uptake, storage, and release of
iron. Met. Ions Biol. Syst. 35, 479-514

38. Zhang, M., Zou, Z., Maass, N., and Sager, R. (1995) Differential
expression of elafin in human normal mammary epithelial cells
and carcinomas is regulated at the transcriptional level. Cancer
Res. 55, 2537-2541

39. Sallenave, J.-M., Si-Tahar, M., Cox, G., Chignard, M., and Gaul-
die, J. (1997) Secretory leukocyte proteinase inhibitor is a
major leukocyte elastase inhibitor in human neutrophils. J.
Leukoc. Biol. 61, 695-702

40. Webster, J., Jones, PL., Sallenave, J.M., and Rabinovitch, M.
(1997) Elastase-specific inhibitor elafin and endogenous vascu-
lar elastase (EVE) in vascular development. FASEB J. 11, A224

41. Rubin, M.R. and Nguyen-Huu, M.C. (1990) Alternatively
spliced Hox-1.7 transcripts encode different protein products.
DNA Seq. 1, 115-124

42. Deschamps, J. and Meijlink, F. (1992) Mammalian homeobox
genes in normal development and neoplasia. Crit. Re. Oncol. 3,
117-173

43. Care, A., Testa, U, Bassani, A., Tritarelli, E., Montesoro, E.,
Samoggia, P., Cianetti, L., and Peschle, C. (1994) Coordinate
expression and proliferative role of HOX B genes in activated

adult T lymphocytes. Mol. Cell. Biol. 14, 4872-4877
44. Quaranta, M.T., Petrini, M., Tritarelli, E., Samoggia, P., Care,

A., Bottero, L., Testa, U, and Peschle, C. (1996) HOX B cluster
genes in activated natural killer lymphocytes: expression from
3' to 5' cluster side and proliferative function. J. Immunol. 157,
2462-2469

45. Shen,T., Anderson, S.L., and Rubin, B.Y. (1996) Use of alterna-
tive polyadenylation sites in the synthesis of mRNAs encoding
the interferon-induced tryptophanyl tRNA synthetase. Gene
179,225-229

46. Fleckner, J., Rasmussen, H.H., and Justesen, J. (1991) Human
interferon gamma potently induces the synthesis of a 55-kDa
protein (gamma 2) highly homologous to rabbit peptide chain
release factor and bovine tryptophanyl-tRNA synthetase. Proc.
Natl.Acad. Sci. USA 88,11520-11524

47. Fleckner, J., Martensen, P.M., Tolstrup, A.B., Kjeldgaard, N.O.,
and Justesen, J. (1995) Differential regulation of the human
interferon inducible tryptophanyl-tRNA synthetase by various
cytokines in cell lines. Cytokine 7, 70-77

48. Krause, S.W., Rehli, M., Kreutz, M., Schwarzfischer, L., Paul-
auskis, J.D., and Andreesen, R. (1996) Differential screening
identifies genetic markers of monocyte to macrophage matura-
tion. J. Leukoc. Biol. 60, 540-545

49. Xue, H. and Wong, T.F. (1995) Interferon induction of human
tryptophanyl-tRNA synthetase safeguards the synthesis of
tryptophan-rich immune-system proteins: a hypothesis. Gene
165,335-339

50. Black, C.A. (1999) Delayed type hypersensitivity: current theo-
ries with an historic perspective. Dermatol. Online J.5,7

51. Wakasugi, K. and Schimmel, P. (1999) Two distinct cytokines
released from a human aminoacyl-tRNA synthetase. Science
284,147-151

J. Biochem.


