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Anti-inflammatory effects in the skin of thymosin-p4 splice-variants
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SUMMARY

The intraepithelial lymphocyte (IEL) network of T-cell receptor Y8 ' (Vy5™) dendritic epidermal T
cells (DETC) in murine skin down-regulates cutaneous inflammation, although the mechanism is
unknown. Thymosin-B4 (TB4), identified by serial analysis of gene expression as a predominant
transcript in gut IEL, encodes both a ubiquitous actin-binding protein (UTp4) with demonstrated
capacity to inhibit neutrophilic infiltration, and a splice-variant limited to lymphoid tissue (LTp4)
with unknown bioactivity. Freshly isolated Vy5" DETCs expressed both forms, while only LTB4
was preferentially up-regulated after cellular activation in vitro. To compare the anti-inflammatory
properties of LTP4 and UTP4 in the skin in vivo, the biological activities of synthesized
polypeptides were assessed using three different strategies: neutrophil infiltration by footpad A-
carrageenan injection; irritant contact dermatitis to 12-O-tetradecanoylphorbol 13-acetate; and
allergic contact dermatitis to 2,4-dinitrofluorobenzene. These studies clearly showed that the anti-
inflammatory activities of LT4 were broader and most often stronger than those of UT(4. Thus,
the activation-responsive expression of the lymph-specific form of T4 may be one mechanism by

which DETC, and possibly other IELs, down-regulate local inflammation.

INTRODUCTION

Situated within numerous epithelia of rodents and many other
vertebrates are intraepithelial lymphocytes (IELs) composed
predominantly of T cells and frequently enriched in those
expressing heterodimeric yd T-cell receptors (TCR; reviewed
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inref. 1). IELs would seem ideally located to maintain epithelial
integrity in the face of environmental insults, and it was recently
shown that y§ cell-deficient mice are highly susceptible to
chemically induced squamous cell carcinomas that in vitro
can be directly targeted for cytolysis by cutaneous IELs,
specifically Vy5T dendritic epidermal T cells (DETC).”
While DETC can kill dysregulated epithelial cells, they have
also been reported to synthesize fibroblast growth factors that
may promote epidermal wound healing.® Consistent with a role
for cutaneous IELs in maintaining epidermal integrity, we
recently demonstrated that the skin of FVB or non-obese
diabetic (NOD) mice lacking DETC becomes inflamed and
functionally compromised, following off T-cell-mediated
responses to a variety of environmental challenges, including
contact allergens and irritants.* This potential of DETC to limit
internally induced disruption of epidermal integrity is consistent
with earlier observations that DETC can suppress cutaneous
infiltration by systemic of3 T cells reactive to auto-antigens
expressed in the skin.’ Nonetheless, the mechanisms of DETC
down-regulation of cutaneous inflammation are unknown.
Pro-thymosin-4 (pTB4) was recently identified as a pre-
dominant transcript in a serial analysis of gene expression of gut
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IEL.® The pTB4 gene encodes a ubiquitous actin-binding pro-
tein that has additionally been shown to inhibit neutrophilic
infiltration (reviewed in ref. 7). Specifically, pT4 sulphoxide
was identified as the active agent in an immunosuppressive
supernatant of glucocorticoid-stimulated monocytes and macro-
phages, whereupon chemically synthesized pT4 was shown to
inhibit neutrophil chemotaxis in vitro, and to inhibit A-carra-
geenan-induced oedema/inflammation after injection into the
mouse footpad.® In the latter assay, oxidized pTp4 was active
whereas the native form was not. pTp4 is synthesized as a 44
amino acid polypeptide, from which the N-terminal methionine
is apparently cleaved. Upon oxidation, any residual N-terminal
methionine, together with a methionine residue a further six
amino acids from the N terminus, would be available to form
sulphoxides. In addition to its actin-binding capacity and its
anti-inflammatory potential, pTf4 has also been reported to
promote the closure of ‘scratch wounds’ in endothelial cell®®
and keratinocyte monolayers in vitro, as well as full-thickness
cutaneous wounds in vivo.'°

Whereas transcripts for the ubiquitous actin-binding pTp4
polypeptide (UTB4) represent >95% of pT4 mRNA, highly
expressed across a spectrum of tissues, the pTB4 gene addi-
tionally encodes a longer splice variant, LTB4, reportedly
limited to lymphoid tissues, such as thymus and spleen, and
characterized in two preB-cell lines.' 112 LTp4 carries an addi-
tional 98-base pair (bp) exon at the 5’ end of the gene that
harbours a start codon 18 bp from its 3’ end.'® Thus, translated
LTp4 is predicted to contain six or seven additional N-terminal
amino acids [(Met)-Leu-Leu-Pro-Ala-Thr-Met], depending on
whether or not the initiator methionine is cleaved from LT 4, as
is the case for UTp4.'3

The bioactivity of LTB4 is currently unresolved. Given the
reported biological activities of UTB4, we hypothesized that
activated DETC might be among the lymphoid cells that express
LTP4, and that such expression might contribute to the anti-
inflammatory properties of DETC in vivo. To test this, the
expression of UTB4 and LTR4 by Vy5" DETCs freshly isolated
from murine skin was analysed. In parallel, chemically synthe-
sized, methionated and unmethionated UTB4 and LTp4 poly-
peptides were compared for their biological activities in three
different assays of cutaneous inflammation: neutrophil infiltra-
tion by footpad A-carrageenan injection; allergic contact der-
matitis (ACD) to 2,4-dinitrofluorobenzene (DNFB); and irritant
dermatitis to 12-O-tetradecanoylphorbol 13-acetate (TPA).

MATERIALS AND METHODS

DETC line

A single cell suspension of epidermal cells was prepared from
normal 3-month-old C57BL/6 mice via trypsin disaggregation
and subsequent Histopaque-1083 (Sigma) density gradient cen-
trifugation as described elsewhere.'* Interface epidermal cells
were cultured at 2 x 10° cells/well in a 24-well plate in 2 ml of
complete RPMI media (cCRPMI: RPMI-1640 supplemented with
10% fetal bovine serum, 25 mM HEPES, 20 pum L-glutamine,
10 puM sodium pyruvate, 50 pM 2-mercaptoethanol, non-essen-
tial amino acids, penicillin/streptomycin) containing 2-0 pg/ml
concanavalin A (Pharmacia) and 10 U/ml murine interleukin-2
(mlIL-2). The resulting cell line was expanded by serial transfer

of half of the well contents to a new well and supplementing
each well with 1 ml of cRPMI containing 10 U/ml mIL-2 every
3—4 days. After 10 days, the line was stained with fluorescein
isothiocyanate-conjugated monoclonal antibody (mAb) F536
(anti-Vy5; BD PharMingen) and sterile-sorted on a FACS-
Vantage™ (Becton Dickinson) using CELLQUEST ™ software.
The sorted Vy5© cells (99% F536™) were expanded for an
additional 2 weeks in cRPMI containing 10 U/ml mIL-2. After
washing three times in cRPMI, aliquots of 2-5 x 10° cells in
cRPMI were cultured for 6 hr in either an uncoated well
(‘resting’ cells) or a well previously coated with anti-CD3
mAb 2C11 (BD PharMingen) (‘activated’ cells).

Preparation of cDNA from DETC

‘Resting’ and ‘activated” DETC were harvested and total RNA
was prepared from each according to the manufacturer’s direc-
tions using silica gel-based spin columns (RNEasy, Qiagen).
The cDNA was reverse transcribed from 100 ng of each RNA
preparation using oligo-dT (Boehringer) and Omniscript
reverse transcriptase (Qiagen) according to the manufacturers’
guidelines.

Cycle—course reverse transcriptase—polymerase chain
reaction (RT-PCR)
For LTB4, UTP4 and B-actin, RT-PCR was performed in 10 pl
reactions in the presence of 0-25 uM of each of the forward and
reverse primers, 250 uM of each of the dNTPs (Abgene, 2-5 uM
MgCl,, and 0-3 U Taq (Qiagen). Each reaction was supplemen-
ted with 0-333 pl of [**PJdCTP (10 mCi/ml, 3000 Ci/mmol,
Amersham) and products were amplified for 18, 20, 22, 24, 26,
or 28 cycles as follows: 94° for 30 seconds, 61° for 30 seconds,
72° for 40 seconds. Following electrophoresis of the entire
reaction on a 4% polyacrylamide gel, gels were dried on drier
(Model 583, BioRad) and the bands were visualized by auto-
radiography on X-ray film (X-Omat AR, Kodak). The primers
used were as follows:

B-actin forward: 5'-TCCCTGTATGCCTCTGGTCGTAC-
CAC-3’

B-actin reverse: 5'-CAGGATCTTCATGAGGTAGTCTGT-
CAG-3'

LTB4 forward: 5-TGCCTGTCCAGCGCAGGCACTTG-3’

UTB4 forward: 5'-CTTCTGAGCAGATCAGACTCTCC-3’

TB4 (common) reverse: 5'-CTCTGCTAGCCAGACCAT-
CAGATG-3’

Tf34 peptide synthesis and oxidation

The four peptides [UTB4; methionated-UTB4 (mUTR4), LTR4
and methionated-LTp4 (mlTP4)] were synthesized by CS Bio
Co. (San Diego, CA), using peptide coupling chemistry, and
purified (>98%) by reverse-phase high-performance liquid
chromatography. The amino acid sequences were as follows:
(m)UTp4: N-(M)SDKPDMAEIEKFDKSKLKKTETQEKNPL-
PSKETIEQEKQAGES-C; and (m)LTP4: N-(M)LLPATMS-
DKPDMAEIEKFDKSKLKKTE-TQEKNPLPSKETIEQEK-
QAGES-C. In each case, the non-methionated forms lacked the
N-terminal residue shown in parentheses. The peptides, verified
by matrix-assisted laser desorption ionization electro-spray
(MALDI-ES) in the W. M. Keck Foundation Biotechnology
Resource Laboratory at Yale, were oxidized by the addition of
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an equal volume of 30% hydrogen peroxide and distilled water
for 5 min at room temperature, dried under vacuum centrifuga-
tion,® and analysed by MALDI-mass spectrometry (MALDI-
MS).

Induction of cutaneous inflammation

Experimental groups of eight to 10 female BALB/c and FVB
mice, 8-10 weeks of age, were housed in temperature-con-
trolled rooms and given food and water ad libitum. Observations
and measurements were made by an investigator blinded to the
experimental group.

A-Carrageenan injection. After measuring the baseline
thickness of the hind footpads with a spring-loaded
engineer’s micrometer, mice were injected subcutaneously in
both hind paws with 340 pg of A-carrageenan in 40 pl. Six
hours, 24 hr and 48 hr after the injection of A-carrageenan,
footpads were re-measured and swelling was calculated by
subtracting the baseline from the experimental measurements.
For each mouse, increases in right and left footpad thickness
were averaged. Thymosin peptides were injected as previously
described:® (i) intraperitoneally with 100 pl of 3-50 x 107> M
peptide solu- tion, 30 min before footpad injection; (ii)
intradermally into the footpad with 40 pl of 8-75 x 107> M
peptide solution and A-carrageenan at time 0, and (iii)
intraperitoneally with 100 ul of 3-50 X 107° ™ peptide
solution, 6 hr after footpad injection. For each group, the
mean increase in footpad thickness was calculated, and
compared to other groups using a one-tailed Student’s #-test.
The experiment was repeated four times

Allergic contact dermatitis (ACD). Mice were sensitized on
day O by epicutaneous application to razor-shaved abdominal
skin of 25 pl of 0-5% DNFB in a mixture of acetone : olive oil
(4 : 1). Before the challenge with DNFB, mice were injected (i)
intraperitoneally with 100 ul of 3-50 x 10> M thymosin pep-
tide solution (30 min before DNFB) and (ii) intradermally with
40 pl of 875 x 107> M peptide solution in both ears (1 min
prior to DNFB challenge). On day 5, after measuring baseline
ear thickness with an engineer’s micrometer, mice were
challenged by applying 10 pul of 0-2% DNFB in acetone :
olive oil to each side of each ear. Ears were re-measured 6 hr,
24 hr and 48 hr after challenge, and data were expressed as the
response above baseline (i.e. ear thickness 24 hr after challenge
minus ear thickness immediately prior to challenge) +1
standard error of the mean (SEM). For each mouse, increases
in right and left ear thickness were averaged. The experiment
was repeated twice.

Irritant contact dermatitis. After measuring the baseline ear
thickness, naive mice were injected intraperitoneally (i.p.) with
either 100 pl of phosphate-buffered saline (PBS), or 100 pl of
350 x 107> M peptide solution [mTP4-so, or mITB4-so
(n =10 per group)]. After 30 min, mice were injected
intradermally with 40 pl of either PBS or 875 x 107> M
solution of the appropriate peptide in both ears. One minute
later, 40 nmol TPA (in 10 pl acetone) was applied to the
anterior side of each ear. Six and 24 hr after the topical
application of TPA, the ears were re-measured, and the
increases in ear thickness between baseline and 6 hr and
between baseline and 24 hr were calculated. For each mouse,
increases in right and left ear thickness were averaged.
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Statistics

Groups were compared for differences in the means using a one-
tailed Student’s z-test; P < 0-05 was considered statistically
significant.

RESULTS
Expression of pTp4 splice-variants by Vy5" DETC

Our recent analysis of the gene expression profiles of intestinal
TCRopB" and y8" IELs using serial analysis of gene expression
revealed that T4 was expressed at very high levels in both IEL
subsets.® Therefore, we wished to determine whether T4 is also
expressed by cutaneous ¥8" IELs (specifically by Vy5+ DETC
that comprise the vast majority of skin IELs in the mouse), and
to determine whether TCR-mediated activation of DETC results
in up-regulated expression of either form of TP4. Since no
mAbs directed against murine TP4 are readily available, we
examined the relative levels of TB4 splice variants by quanti-
tative PCR reactions, carried out on cDNAs prepared from a
short-term line of Vy5* DETC both before (‘resting’ DETC)
and 6 hr after stimulation with anti-CD3 mAb (‘activated’
DETC). In the method employed, each cDNA is amplified in
the linear range for 18, 20, 22, 24, 26 and 28 cycles in the
presence of **P-dCTP and primers for either UTP4, LTB4, or p-
actin; Fig. 1 shows the reaction products visualized by auto-
radiography, and confirms that between cycles 18 and 26, the
signal is increasing in a linear fashion relative to cycle number.

The data show that both splice variants are expressed by
resting and activated DETC. While the overall levels of UTB4
expression clearly exceed the levels of LT4 in both resting and
activated cells, UTB4 expression levels are largely unaffected
by TCR-mediated activation. Conversely, LTB4 expression is
clearly up-regulated, with a signal becoming clearly apparent at
22 cycles (with a very faint signal at 20 cycles) that was not
apparent prior to activation. The LTB4 signal from activated
DETC is likewise stronger at all cycles thereafter (Fig. 1).

H.O Resting Activated

v DETCs DETCs
LTp4 | “ . -d
UTp4

f-actin 3

18 20 22 24 PG 28 18 20 22 24 26 28
PCR Cycle Mumbar

Figure 1. Differential expression of LTB4 in activated DETCs. Auto-
radiogram of gel electrophoresed showing *?P-labelled products,
sampled at 18, 20, 22, 24, 26 and 28 cycles, covering a linear range
pre-established by pilot experiments. The products were generated using
primers specific for LT4, UTP4 and P-actin, as indicated. As deter-
mined by densitometry, LTB4 is expressed at higher levels in activated
DETCs than in resting DETCs, while the expression of UT[4 is similar
in resting and activated DETCs.
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Densitometry indicated that LTf4 RNA expression was up-
regulated more than four-fold by TCR-mediated activation.

Synthesis of thymosins for bioassay

Available evidence indicates that the major fraction of UTp4
undergoes N-terminal methionine processing,®'? but the known
rules for aminopeptidase activity'> do not permit one to make
the same assumption for LTB4. Therefore, in our experiments to
determine the biological activities of UTP4 and LTP4, we
synthesized both N-terminal methionated and unmethionated
forms of each polypeptide. The average molecular weights and
mass errors, as determined by MALDI-ES, of the synthesized
TPR4 peptides were as follows: UTB4: 4962-4 MW, 0-009%;
mUTB4: 5093-13 MW, 0-032%; LTp4: 5592-52 MW, 0-026%;
mlTp4: 5722:92 MW, 0-012%. Because of previous findings
demonstrating the anti-inflammatory effects of oxidized UT (34,
all peptides were oxidized prior to use, as described.® Thymo-
sins have no oxidizable amino acids (e.g. cysteine residues)
other than methionine. To assess whether the extent of oxidation
is consistent de facto with oxidation only of methionines, the

Table 1. Oxidations of thymosin peptides

Met Original Oxidized

resid. MW MW Diff. oxidations
UTp4 1 4962-40 4980-48 18-08 1-13
mUTR4 2 5093-13 5124.92 3179 1-99
LTp4 2 5592.52 5621-96 29-44 1-84
mlTp4 3 5717-68 5766-62 48-94 3-06

resid., residues; MW, molecular weight; Diff., difference.
Number of oxidations was calculated as the difference in MW divided by the
MW of oxygen (15-9994).
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polypeptides were exposed for 5 min to hydrogen peroxide. As
seen in Table 1, the change in molecular weight in each case
was consistent with oxidation of each of its methionine residues
to methionine sulphoxide.

Activities of UTP4 and LTp4 in A-carrageenan-induced
inflammation

Oxidised UTB4 and LTp4 were compared to PBS vehicle alone
for their capacity to suppress inflammation induced by intra-
dermal injection with A-carrageenan into the footpad. A-Carra-
geenan injection results in an oedematous, neutrophil-rich
inflammatory response that can be quantified as footpad swel-
ling over baseline. As seen in Fig. 2(a), this study confirmed the
reported anti-inflammatory activity of UTB4;® at 6 hr, 24 hr and
48 hr, UTP4 suppressed footpad inflammation by 12% (P =
0-048), 30% (P = 0-012), and 31% (P < 0-0001), respectively,
relative to PBS. Additionally, this study demonstrated that LT 34
also has substantial anti-inflammatory activity. Suppression rela-
tive to PBS at 6 hr, 24 hr and 48 hr, respectively, was 21%
(P = 0-0053), 58% (P < 0-0001), and 42% (P < 0-00001)
(Fig. 2). Relative to UTP4, LTP4 was more effective at sup-
pressing inflammation at every time-point, with the difference
in footpad thickness at 24 hr being statistically significant
(0-22 £ 0-03 vs. 0-37 £+ 0-03, P = 0-0002).

Figure 2(b) shows that methionated UTfB4 also has anti-
inflammatory activity; footpad thickness was suppressed by
29% (P =0-011), 45% (P < 0-00001), and 38% (P =
0-00053)at6 hr,24 hr,and, 48 hr, respectively. Likewise, mIT[34
was anti-inflammatory as footpad thickness was suppressed by
50% (P = 0-0011), 59% (P < 0-0001), and 34% (P = 0-0053)
at 6 hr, 24 hr and 48 hr. At the 6 hr and 24 hr time-points, the
anti-inflammatory activities of mlTB4 were significantly greater
than those of mUTP4 (P = 0-035 and 0-017, respectively).
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Figure 2. A-Carrageenan induced inflammation, representative of neutrophil-mediated inflammation. Micrometer-measured increases
in footpad swelling in mice injected with A-carrageenan intradermally into the footpad, and treated with PBS; UT[4 or its methionated
derivative; LTB4 or its methionated derivative. (a) At 24 hr, mice that received LTB4 had a significantly reduced footpad swelling than
mice receiving either PBS or UTB4. (b) At both 6 hr and 24 hr mice that received mITp4 had a significantly reduced footpad swelling

than mice receiving either PBS or mUTf4.
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Figure 3. TPA irritant contact dermatitis assay. Micrometer-measured
increases in ear thickness in naive mice in which ICD was elicited by
application of TPA, and that were treated with PBS; methionated UT4;
or methionated LT 4. The mITB4 suppressed TPA-induced ear swelling
significantly more than PBS at 6 hr and 24 hr, and significantly more
than mUTp4 at 6 hr.

Activities of UTP4 and LTp4 in irritant contact
dermatitis (ICD)

The methionated forms of T4 were next compared for their
ability to suppress ICD induced by topical application of TPA to
ear skin. We have previously shown that TPA-induced ICD is
exaggerated in TCR8 ™'~ mice.* At 6 hr post-application of
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TPA, inflammation in mice treated with mUT[34 was suppressed
by 21% (P = 0-0027) relative to PBS-treated controls (Fig. 3).
By 24 hr, suppression was 13% (although this was not statis-
tically significant). By contrast, there was a statistically sig-
nificant suppression of inflammation by mlTp4 at both of these
time-points: 41% (P < 0-000001) at 6 hr, and 24% (P = 0-023)
at 24 hr, respectively. At 6 hr, the suppression of ear swelling
in mlTP4-treated mice was significantly greater than that in
mUTB4-treated mice (18-00 £ 1-58 vs. 24-10 4+ 1-83, P =
0-011).

Activities of UTP4 and LTp4 in allergic contact

dermatitis (ACD)

UTp4 and LTP4 were next compared to PBS for their ability to
inhibit ACD inflammation induced by epicutaneous sensitiza-
tion of abdominal skin with 25 pl 0-5% DNFB followed by
epicutaneous challenge to ear skin with 20 pl 0-2% DNFB. As
with ICD, ACD is highly exaggerated in TCRS '~ mice, and
can be restored to normal levels by selective reconstitution with
DETC.* At no time-point in this assay did UTP4 show any
significant anti-inflammatory activity: —4% (NS), 5% (NS), and
2% (NS) at 6 hr, 24 hr, and, 72 hr, respectively (Fig. 4a). By
contrast, LTB4 suppressed the ACD ear swelling response by
17% (P = 0-030), 21% (P = 0-00031), and 24% (P =
0-00052) at 6 hr, 24 hr, and, 72 hr, respectively. The effects
were more pronounced when the methionated forms were
compared for their ability to suppress ACD (Fig. 4b). Relative
to PBS, mLTf4 suppressed ear swelling by: 37% (P = 0-042),
27% (P < 0-0001), and 42% (P < 0-00000001) at 6 hr, 24 hr
and 72 hr, respectively, whereas mUTB4 showed a significant
effect only at 72 hr (29% lower than PBS, P = 0-0040). The
suppression of ACD observed with mLTB4 was significantly
greater than that observed with mUTf4 at 24 hr and 72 hr
(P = 0-026 and 0-010, respectively). In summary, assessment
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Figure 4. DNFB allergic contact dermatitis assay. ACD was elicited in mice previously sensitized on abdominal skin with DNFB by
epicutaneous challenge of the ear skin with low-dose DNFB. Micrometer-measured increases in ear thickness mice treated with PBS;
UTp4 or its methionated derivative; or LTB4 or its methionated derivative. (a) At 6 hr, 24 hr, and 72 hr after challenge, mice that
received LTP4 demonstrated a significant reduction in ear swelling response when compared to mice receiving PBS or UTP4. There
was no significant suppression of ACD by UTf4. (b) mITp4 showed a significant reduction in ear swelling response at 24 hr and 72 hr

relative to mice that received PBS or mUTf4.
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of ACD-induced inflammation reveals that LTP4 has signifi-
cantly greater anti-inflammatory properties than does UTf4,
irrespective of whether or not the N-terminal methionine is
retained.

DISCUSSION

The data presented in this paper confirm that oxidized UT4 has
anti-inflammatory properties. However, the anti-inflammatory
activities were selective for particular assays as shown by the
lack of activity in response to ACD. By contrast, oxidized LT34
demonstrated significant anti-inflammatory activity in all three
assays employed. Thus, LTB4 has the potential to be a potent
immunological effector produced by lymphocytes. The hitherto
unrecognized and potent activity of LT4 in ACD is particularly
provocative because this is a common, clinically relevant con-
dition, primarily regulated by the lymphoid compartment.

In their original studies, Young and colleagues showed a
dose-dependent anti-inflammatory effect of oxidized UTp4
following A-carrageenan injection into mouse footpads. Twenty
micrograms of oxidized UTp4 produced equivalent suppression
to that induced by 0-5 mg/kg of dexamethasone.® It was sug-
gested that the anti-inflammatory activity of oxidized UTp4
(UTP4-s0) serves as a safety-feedback signal, its oxidation
reflecting an oxidizing environment that often correlates with
host cell damage. Since oxidative damage may be reversed by
methionine sulphoxide reductase, the oxidation and reduction of
the methionine residue on UTP4 might well act as a sensitive
regulatory sentinel.® Indeed, the feedback mechanism provoked
by oxidation of methionine residue six (M6) in UTB4 may itself
promote methionine sulphoxide reductase and the repair of
oxidative damage. In this regard, LTP4, with an additional
oxidizable methionine residue (Table 1), has a potentially
greater capacity to reduce oxidative stress. Such a mechanism
may account for the greater anti-inflammatory activity seen in
our comparative analyses of LTP4 versus UTP4. Additional
studies will be necessary to compare the unmethionated with the
methionated forms of LTB4 directly, for their relative levels of
expression in vivo, for their biological efficacy ‘head-to-head’,
and for the effects of selective single versus multiple methionine
oxidations.

Over the past 5 years, several experimental systems have
identified an anti-inflammatory role for IELs, whether or not
they express TCRyS or TCRap*>'®!7 The work of Girardi
et al.* showing that the skin of DETC-deficient mice becomes
spontaneously inflamed, indicates that the anti-inflammatory
activities of DETC are a feature of normal physiology. While
the mechanisms underlying this biological activity remain
uncertain, the findings that TP4 is heavily expressed by
TCRap™ and TCRy8™ IELs in the gut,® and that LTP4 is
substantially up-regulated in DETC following activation via
the TCR (Fig. 1) identify LT[4 as a candidate contributor to the
local regulation of inflammation by IELs. Future studies should
test this hypothesis, for example by assessing the biological
activity of TCRy3" DETC that lack LTp4.

UTp4, originally isolated from a bovine thymus preparation
called thymosin fraction 5, was thought to be a thymic hormone
that initiated the early stages of T-cell differentiation.'’ Tt
showed significant activity in the induction of terminal

deoxynucleotidyltransferase in murine thymocytes,'® and in
the inhibition of macrophage migration.'® Since these original
studies, UTB4 was found to be broadly expressed and to have a
highly conserved structure across human, rat, bovine and mouse
species.'>?° This provoked the hypothesis that UTB4 has a more
general function than originally proposed, and it has since been
shown to function intracellularly in the regulation of the equili-
brium between globular and filamentous actin.>' While this
activity might seem far removed from an extracellular anti-
inflammatory activity, one might consider that a cell’s response
to stress might involve both a re-organization of its cytoskele-
ton, to permit cell migration, and a feedback regulation of
oxidative damage and wound healing. Therefore, one wonders
whether LT B4 is a specialized form of thymosin that has evolved
specifically through its capacity to mediate the latter activities.
Interestingly, optimal binding of UTf4 to actin requires the N-
terminal residues.?? Since the N terminus is the region of the
protein that differs in LT 4, it is conceivable that LT 34 does not
bind actin as well. Clearly, the differential biological activities
of either form of TP4 will require the selective mutation of
UTp4 and LTp4.

Finally, we remain ignorant of how either form of Tf4
mediates extracellular activities, because there is no documen-
ted mechanism for how UTP4 or LTB4 may be released from
cells. Possibilities include their exocytosis in a complex with a
second protein that harbours a conventional hydrophobic signal
sequence, or release from cells dying as a result of oxidative
damage. Alternatively, either form may share with proteins such
as HIV TAT and Drosophila antennapedia, the intrinsic ability to
shuttle across membranes.?***
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