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Summary

Thymosin, originally discovered as a thymic hormone regulating maturation of T cells, is found in many
hematopoetic and non-hematopoetic tissues including bone mapleen, and lungs. While studying chicken
monocyte- and granulocyte- associated peptides by Matrix Assisted Laser Desorption lonipagiari/Hlight
(MALDI-T OF) mass spectrometnye found a peptide corresponding to massggheatio (r/z) of 4963. This

peptide was prominently associated with monocytes but not with the granulocyte population. Experiments
revealed presence of this peptide in chicken macrophage cell lirepurified the 4963Da peptide from the
macrophages by reverse phase HPLC and identified it as thypdddif4) by peptide mass fingerprinting34

binds to G- actin, and regulates its polymerization, which is essential for cell m@&@#jdes, it is also involved

in a multitude of other functions regulating immunity and wound healihgs review surveys the physiological
significance of PB4 in relation to macrophage function.
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Abbreviations: MALDI-T OF = Matrix Assisted Laser Desorption lonizatiom&-of-Flight; T34= thymosin beta 4

Introduction Table 1: Mass and intensity profiles of 10 most abundant

The identities of dferentiated cells and tissues ardow molecular weight peptides associated with mononuclear
often related to repertoires of proteins and peptides whigAd granulocyte populations.
not only act as structural components but also perform

specialized functions. Low molecular weight proteins and Mononuclear cells Granulocytes

peptides are parts of these repertoires which play numerous Peaks  Relative Peaks ~ Relative
physiological roles as hormones, neurotransmitters and (M/2) __ intensities (m/z) intensities
antimicrobial, growth and cellular signaling factors. 4962.90  1.00 3916.59 1.00
Therefore, itis likely that all diérentiated cells exhibittheir ~ 4984.13  0.19 3933.79 0.32

own profiles of low molecular weight peptides which may 4946.59  0.17 3844.68 0.27
actas molecular signatures. Identifying these esociated ~ 5099.46  0.12 4503.40 0.26
peptides may help to understand their function. MALDI- 5000.78  0.11 3731.63 0.18

TOF mass spectrometry has egegt as a valuable tool for 2478.62  0.06 7892.76 0.17
biomolecular characterization and has been used to establis#932.15  0.05 3980.14 0.16
bacterial identities using their molecular profiles based on9326.21  0.05 7841.54 0.15
“whole cell” scanning (Lay and Holland, 2000). Applying 4848.06  0.05 8678.48 0.09

this technique of “whole cell” MALDI-DF mass  4696.90  0.04 10240.77 0.07

spectrometry we compared the spectral profiles of chicken To isolate and characterize this peptide, methanol/
peripheral blood mononuclear cells and heterophilig.atic acid extracts of HTC macrophages (Rath et al.,
granulocytes.The results showed certain high intens'@bog,) were purified on a C8 column by reverse phase
spectral peaks uniquely associated with each populationgb| ¢ and the fractions were monitored by post-column

cells suggestive of their abundance _(Fig. 1)._A molecule Wiy detection and electrospray ionization (ESI) mass

m/z4963 was predominantly associated with mononuclegbectrometryFurther experiments suggested an N-terminal

cells but not with heterophilic granulocytesafile 1). p|ockage of the peptide precluding Edman sequencing. It
Subsequent experiments withfeiient chicken macrophageyas then digested with trypsin and the MALDDF mass

cell lines showed profiles similar to mononuclear cells Witﬁngerprints were subjected to Mascot data base search
a major peak corresponding to 4963Da molecule.
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(http://www.matrixscience.com) matching the peptide t¢Goldstein, 2007; Hdiet al., 2001). Subsequent research
thymosinf34 (TB4) (Kannan et al., 2007). The chickerover the years showed this peptide to be present almost
T4 appeared to have a molecular weight and an interndliquitously in many diérent cells. The mature forms of
sequence similar to that of the mammalian peptideoth mammalian and aviaf# is a 43 amino acid long
However it differed from the published amino acidpeptide with an N-terminal acetylation. Both mammalian
sequence of chickenf3# with respect to N-terminal and avian B4 have a stretch of amino acids LKKTETQ
acetylation and the absence of an extra lysine at the spanning from position 17 to 24 that bind to actin, a major
terminus (Dathe and Brand-Saberi, 2004). The similaritytoskeletal protein in eukaryotes, and regulate its
of chicken PB4 sequence with that of human peptide wasolymerization (Safer et al., 1991; Ballweber et al., 2002;
further indicated by its immunolocalization in HTC cellDedova et al., 2006). Actin is responsible for a variety of
using an anti-human thymosp¥ antibody (Fig. 2). cellular functions principally regulating motility
Additionally, the T34 was found to be abundant in tissuesytokinesis, adhesion, cell dérentiation, and the
such as lung, spleen and bone marrawolved in maintenance of cell polarity (Ballweber et al., 2002 W
immunity. These are similar to the results reported usirand Crabtree, 2007).It exists in two forms, as the
mammalian myeloid and lymphoid cells (Xu et al., 1982nonomeric G- and the filamentous F-actin, the
Gondo et al., 1987; Gomez-Marquez et al., 19893oncentrations of the latter increasing in the event of cellular
Therefore, we have been interested in understanding thetility (Wu and Crabtree, 2007). Cytoplasmic G-actin,
significance of P4 in macrophages, its relation toin the presence of /&, polymerizes to F-actin whereas the
inflammation, and its role in physiological homeostasisuclear G-actin is associated with chromatin remodeling
during avian immune activation. In the following sectionBlessing et al., 2004) 3B sequesters G-actin and prevents
we discuss some aspects of the current knowledge primaitiéypolymerization to F-actin, thereby regulating the cell
obtained from mammalian literature. dynamics (Safer et al., 1991; Cassimeris et al., 1992).

Thymosin 34 Thymosin3 is a highly conserved peptide
consisting of more than fifteen isoforms that are present at

Thymosin beta 4 (34) is a 5kDa peptide that was ™. : . .
i . o differential abundance in tifent species (Htiét al., 2001;
h g‘ :
originally identified in calf thymus gland extract as a thymi annappel and Hif 2003). The difierences among

hormone regulating the maturation of T lymphocytes
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Fig. 1. MALDI-TOF mass spectrum of methanol acetic acid extract of HTC macrophage showing 4963Da
peptide as a prominent peak (*).
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Fig. 2. Immunohistochemical localization ofdrin HTC macrophages. Cytospun HTC cells were first treated with either
non- immune serum (control, left panel) or anti-hum#d &ntiserum (right panel) followed by staining with afinéi

purified secondary antibody (goat anti-rabbit IgG) labeled with fluorescein isothiocynate. The nucleus was counter-stained wit
propidium iodide (red). The intensity of green color in the cytoplasm corresponds to the specific binding by anti-thymosin
antibody (Magnification, 400 X).

isoforms can range from a few to a stretch of amino acideove through cell and nuclear membranes (Bock-
in their primary sequence (Hannappel andfH2003). Marquette et al., 2004). Alsof3# has been shown to be
T4 appears to be the most abundant isoform and betpeesent in extracellular fluids, particularly wound fluid,
studied than the others. Although the major function aid its uptake by the tissues has been documented (Frohm
TB4 has been described as sequestering G-actin, sevetall., 1996; Bock-Marquette et al., 2004; Huang et al.,
other functions of this peptide have revealed it3006). Howevelit is not clear whetherf3# in the wound
‘moonlighting’ properties (Goldstein et al., 2005). Som#uid is derived from dying tissues or secreted by the cells.
of the best known functions wherB4rhas been implicated The N-terminal domain, tetrapeptide AcCSDKP (N-acetyl-
are: wound healing, angiogenesis and inflammatiaeryl-aspartyl-lysyl-proline) that is derived by
(Malinda et al., 1999; Philp et al., 2004; Goldstein et akendoproteinase hydrolysis, appears to be biologically active
2005; Smart et al., 2007). In additionpdl prevents and occurs at high concentrations in the wound fluid (Smart
apoptosis, stimulates neurite growth, and promotes al., 2007). Both 4 and AcSDKP induce mast cell
metastasis (Kobayashi et al., 2002; Choi et al., 200degranulation leading to the release of factors that promote
Thymosinf3 is one of the primary genes up-regulatedound healing and tissue remodeling (Leeanansaksiri et
following immune activation (Smith et al., 2004). Thel., 2004; Wczolkowska et al., 2007). AcSDKP appears
involvement of B4 in wound healing has been shown antb be both pro-angiogenic and anti-inflammatory (Smart
studied using cardiac, corneal, neural and dermal tisswtsal., 2007). B4 has also been shown to possess anti-
(Vartiainen et al., 1996; Sosne et al., 2001; Bock-Marqueftbrogenic activity which apparently is an indirectfeft

et al., 2004; Smart et al., 2007; Choi et al., 2007). Mamyediated through its ability to release platelet derived
of these studies involving wound healing and angiogenegi®wth factor (PDGF) and hepatic growth factor (HGF)
have been carried out using purifie@4T (Barnaeva et al., 2007). The anti-fibrogenic activity likely
grevents scar tissue formation that could interfere with

However an unresolved enigma is how this peptid i It is also highl d in both
is secreted by the cells, because it lacks a signal sequer}'{%:r € regeneration. 1 1S aiso highly expressed in bo
sehemic tissues and postinjury-associated tissue

that is essential for the release of most peptides and proté : ot A )
(Horecker et al., 1985; Hannappel and H@003). regeneration, highlighting its role in tissue repair processes

Nonetheless, recent evidences suggest fatan freely (Roth et al., 1399; Kim et al., 2006; Ferre et al., 2007).
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M acrophage modulate inflammatory events and, eventyaitynune

Macrophages are multifaceted cells which play @S?ol:se;s. O"eT 10 TL.RS ha\:je ggzn dgcs)gr;beclzl:nauhf i

critical role in both innate and adaptive immunitjye vertebrate species @hling an Y. ): ecen
r%ndences from our laboratory show that avian

involvement of these cells in numerous physiological a h ibl - ¢
pathological processes is well documented (Ross apgicropnages can possibly secrefis Tn response to

A 2002). M h - iate f h _certain pro-inflammatory factors such as Iipopol_ysac-
uger 2002). Macrophages ffentiate from hematopo I?aride and peptidoglycans (Kannan et al., unpublished).

etic stem cells in the bone marrow under the influence © . . .
several growth factors, particularly macrophage colorl addition to the classical TLR activators, there are other
’ timulators of macrophages which may work through

stimulating factor (M-CSF) (Hume, 2006). Released c t path

the circulation as monocytes, these cells ultimately migra g erent pathways.

and reside in tissues where they go bfediint names such Inflammation

as intestinal dendritic cells, alveolar macrophages in lung, A variety of injurious stimuli such as infection,

Kupffert_cells 'ﬂ “\{[ﬁr and mlcrr(])glla n Ibraln. As a.nt'ge?tog[dns and physical trauma induce inflammation, which
presenting cetls, the macrophages piay a very Importgy ), e g interplay of vasculaneural, endocrine and

role in the development of adaptive immunit4 has immune systems. Inflammation is a defense strategy to

been shown to potentiate the antigen presenting abilityr9 utralize the causative agents in order to protect the

macrophages (Tzehoval et al., 1989). Regardless ofthgﬂrected area from excessive damage and prevent

tissue of residence, these cells perform a similar funCti(a@Ieterious systemic fekts. It involves recognition of
that provides defense against microbial pathogens. In do sative stimulus, signaling and the execution of events

S0, the macrophages produce many cytokines, ChemOki%etih as production of cytokines, growth factors and

growth faCIF”S’ and secretory molecules which can h""P‘ﬁeetabolites, eventually mitigating inflammation.The
both autocrine and paracrindesdts.

heterophilic granulocytes, though have a short half life,

As one of the most important sentinel cells in healére the first populations of cells which migrate to the
physiology the macrophages eliminate foreign pathogensiflammatory site and are the major determinants of acute
virus-infected cells, tumor cells, and apoptotic cells. Thuisflammation (Dsi, 2005). Substances released from these
they contribute to the innate defense mechanism bglls and by the damaged tissues provoke neuroendocrine
resolving inflammation and maintaining tissue homeostasissponses such as pain and tenderness that are hallmark
(Savill and Hasltt, 2001; Ross and Aug2002; Dsi, characteristics of inflammation. Some of the major
2005). Although circulating macrophages are consideretediators of inflammation are cytokines such as
one of the major role players in the process of inflammatiamterleukins 1, 6, and 8, tumor necrosis factqr-
they arrive at the site of inflammation much later thacomplements, kinins, proteases and leukotrienes, most of
neutrophilic granulocytes (Serhan et al., 2006). Therefokghich have short half lives. Inflammatory mediators
these cells do not contribute to acute inflammation but plagtivate nuclear factor kappa B &, a cytoplasmic
critical roles in the management and the resolution teinscription factgrwhich on translocation to nucleus,
inflammation, most importantly by removing dyinginteracts with regulatory genes to produce inflammatory
granulocytes the content of which can cause tissue damageteins (Perkins, 2007).

Macrophage-derived factors can also direct apoptosis of Recent |y, TB4 has been shown t o suppress NF

leukocytes and myofibroblasts, which are presumabl%maBactivit - . .
: L . . ; . yintheconed epitheium(Ssreet d .,
involved in fibrosis (Vilson, 1997; Savill and Hasltt, 2001,2007)_ Edena of i nfl i onresul ts fromvascul ar

Porcheray et al., 2005). | eakage | eadi ng t o t he m gr ation of leukocytes to the
The activation of macrophage is mediated througlamaged area. Thymosfi# has been shown to induce
specific pattern recognition receptors calledll'Like  exocytosis of mast cells which are the likely source of
Receptors (TLR)' whereby the macrophages recognibéstamine and other vasodilatory agents that facilitate
specific ligand molecules elicited by the pathogens (Kaiskasodilation and recruit other cells and blood-derived
and Akira, 2006). The recognition leads to the activati®ubstances to promote wound healing (Leeanansaksiri et
of complex signhaling pathways culminating in theal., 2004; Wczolkowska et al., 2007; Leslie, 2007). Along
production of appropriate response factors such wasth other wound fluid factors such as fibrin,
cytokines, acute phase proteins and metabolites, whiolhmunoglobulins, lipoxin, complements and growth
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factors, PB4 possibly plays an important role in regulating in human hepatic stellate cellsnn N 'Y Acad i

inflammation. As a modulator of inflammatior3adown- 1112:154-160.

regulates cytokine production, protects regenerating tissuﬁ%ssing CA, Ugrinova GTGoodson HV (2004) Actin

and attenuates oxidative stress-induced tissue damage and AR’Ps: action in the nucledsends Cell Biol

(Girardi et al., 2003). 4 also stimulates keratinocyte 14 435-442.

and epithelial cell migration, and promotes corneal

epithelial healing (Huang et al., 2007). Bock-Marquette I, Saxena A, White MD, Dimaio JM,

Srivastava, D (2004) Thymosin beta 4 activates

integrin-linked kinase and promotes cardiac cell
From the above discussion it is clear th4 Ts migration, survival and cardiac repaiature 432:

an important macrophage component involved in a plethora  466-472.

of physiological and immunological processes. Acc_’,assimeris L, Safer D, Nachmias \Zigmond SH (1992)

migratory cells, _the_macrophages requi_re _constant Thymosin beta 4 sequesters the majority of G-actin
cytoskeletal aganization such as polymerization and in resting human polymorphonuclear leukocyes.
depolymerization of actin necessary for their motility cell Biol 119 1261-1270

adhesion, and polarity maintenance which is facilitated by

TR4. Actin polymerization is also required for theifChettibi S, Lawrence AJ, oung JD, Lawrence PD,
phagocytosis function. At the site of inflammation, the =~ Stevenson RD (1994) Dispersive locomotion of
macrophages encounter inflammatory mediators leading ~human neutrophils in response to a steroid-induced
to their activation and the release @#T Besides its ability factor from monocytes.Cell Sci 107 (Pt 11): 3173-

to stimulate tissue remodeling and angiogenesis (Philp et  3181.

al., 2006), P4 is also capable of acting as an antioxidaginoj SY Noh MR, Kim DK, Sun WKim H. (2007)
and antimicrobial factor that prevent exacerbation of  Neyroprotective function of thymosin-beta and its
inflammation. Monocytes and macrophages also produce  gerivative peptides on the programmed cell death of

T4 and B4 sulfoxide in response to several non-steroidal  cpick and rat neuronsiochem Biophys Res
and steroidal anti-inflammatory drugs (Chettibi etal., 1994, commun 362: 587-593.

Young et al., 1999; Jain et al., 2004p4Tsulfoxide is an _ _ )
oxidized form of PB4 produced in response toDathe VBrand-S_aberl, B (2004) Expression of thymosin
glucocorticoid and it is shown to exhibit superior anti- ~ Peta 4 du'rlng chick developmertnat Embryol
inflammatory eficacy (Young et al., 1999). Also, as (Berl.) 208: 27-32.

discussed in the preceding sectiofi4Tdown-regulates Dedova IV Nikolaeva OPSafer D, De La Cruz EM, dos
NF Kappa B activation (Sosne et al., 2007) suppressing Remedios CG (2006) Thymosin beta 4 induces a

inflammation. Therefore, it is appealing to consider that  conformational change in actin monom@isphys
TB4 is a significant remedial factor produced by the J 90: 985-992.

macrophages to counter inflammation and resto
physiological homeostasis.

Significanceof T34in macrophages

[:eerre PJ, Liaubet L, Concordet D, SanCristobal M, Uro-
Coste E, Bsser-Klopp G, Bonnet A,olitain PL,
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