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FIELD OF INVENTION 

THE INDUCflON OF ANTmIOTIC PROTEINS AND 

PEPTIDES BY LAIT/sCD14-PROTEIN 

PCT/CA99/00482 

Tois invention relates to soluble LAIT-protem (C.'014) derived from mammals, and related 

proteins, that directly induce the expression of anubiotic polypeptides, particularly. defensins in mammalian cells, 

panicularly epithelial cells. ·This invention also relates to the identification of a ponion of CDl 4 necessary for the 

direct activation of B cells by CDl 4. 

Peptide antibiotics and their induction by endotoxin 

Antibiotic peptides are widely distributed in nature, and comprise a widespread mechanism of 

host defense (Lehrer, R.I. et. al. 1993. Ann. Rev. Jmmunol. 11: 105; Boman, H.G. 1995. Ann. Rev. /mmunol. 13:61; 

Lehrer. R.I., T. Ganz, and M.E. Selsted. 1991. Cell 64:229: Zusloff, M. 1992. Curr. Opin. Jmmunol. 4:3). An 

ad'\'antage of peptide antibiotics as factors of the innate immune system is their ability to function without 

speci:kily. and \\ithout memory. Their anti-bacterial. anti-viral. and anu-fungal acti\ities pennit the host to delay 

or possibly even avoid microbial gro\ltth shortly after infection, before the adaptive immune response can be 

mobilized (Lehrer, R.I. et. al. 1993. A11n. Rev. lmmunol. l l:l05; Boman, H.G. 1995. Ann. Rev. lmmrmol. 13:61; 

Lehrer, R.I., T. Ganz. and M.E. Selsted. 1991. Cell 64:229: Zasloff, M. 1992. Curr. Opin. Immunol. 4:3). 

Defensins are the largest family of antibiotic peptides, and are composed of 29 to 3 5 amino acid residues, and 

constitute greater than 5% of total cellular protein in human neutrophils·(Boman, H.G. 1995. Ann. Rev. Jmmunol. 

13:61: Lehrer, R.I., T. Ganz, and M.E. Selsted. 1991. Cell 64:229; Zasloff. M 1992. Curr. Opin. /mrnunol. 4:3). 

In mammals defensins are also known to be produced by lwig macrophages (Lehrer, R.l. et. al. 1993. Ann. Rev. 

lrnrnunol. 11 :105; BonWl, H.G. 1995. Ann. Rev. Immunol. 1"3:61; Lehrer, R.L, T. Ganz, and M~E. Selsted. 1991. 

Cell 6~:229; Zaslotr, M. 1992. Curr. Opin. Immunol. 4:3), and have most recently been described in bovine 

epithelial cells of the trachea (Diamond, G. J. P. Russell, and C.L. Bevins. 1996. PNAS 93:5156) and tongue 

(Schonwelter, B.S., Stolzenberg, E.D. and M.A. Zasloff. 1995. Sci~nce 267: 1645). 

It has been demC>nstrated that endotoxin. in the fonn of lipopolysaccharide tLPS). mduces a ten­

fold increase in the expression o[ messenger RNA 1mRNA) encoding an antibiotic peptide in primary tracheal 

epithelial cells (Diamond, G. J."P. Russell, and C.L. Bevins. 1996. PNAS 93:5156). This peptide, termed tracheal 

antibiotic peptide (TAP), is of the lkiefensin class. The mechanism of TAP induction from epithelial cells of the 

respiratmy mucosa was shown to be mediated through membrane CD14 (mCDl4) expressed on the epithelial cells. 

The role of epithelial mCDl 4 was consistent with the observation that the activation process resulting in TAP 

expression was inhibited in the presence of monoclonal antibody {mAb) specific for CD14 (Diamond. G. J.P. 

Russell, and C.L. Bevins. 1996. P.:VAS 93:5156). 

While the expression of mCDl 4 was thought for some time to be an exclusive marker of 

mon~tes macrophages(Zeigler-Heitbrock, H.W.L. and R.J. Ulevitch. 1993. lmmunology Today 14:121), it is 

now known to be expressed by epithelial cells derived from many tissues (Feams, C. et. al. 1995. J. Exp. Med. 

181 :857). It has also been fowid that epithelial linings of other ussues respond to endotoxin or inflammation 

through the local production of defensins. Jn particular. the squamous epithelial lining of the tongue has been 

shown to respond to infection or inflammation with the production of IHiefensin lingual antibiotic peptide 

(Schonwetter, B.S., Stolzenberg. E.D. and MA Zasloff. 1995. Science 267: 1645). In this study, messenger RNA 

(mRNA) encoding lingual antimicrobial peptide was shown to be present m great abundance in epithelial cells of 
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the tongue that surrol.Ulded na~ly occurring lesions. ·There has apparently beer1 no report of mCDl 4 
invol\'ement in this context. 

The results described above provide the experimental basis tbr an immune response model in 
which innate immune response machineiy is "'1gaged· at .local sites of infection and/or inOammation so as to 
conuibute to the initial defense of the host 'Ille l~l production of antibiotic proteins and peptides in response to 
LPS derived from gram negative bacteria may thus come in~ play in the prevention of bacterial colonization or 
subsequent infection prior to engagement of a clonal adaptive immune response. By way of backgrol.Uld, a brief 
summary of the current undcmitanding of mechanism(s) underlying endotoxin mediated responses in monocytes, 
macrophages, epithelial cells, and endothelial cells thus follows, 

CD14 is a membrane receptor on monocytes for LPS:LBP complexes. 

E:1doto11:in in the Jbnn ofLPS induces inflammatorycytokines by monocyteslmacrophages both 
in vi1r0 and in vivo (Beutler. B. et. al. 1986. Science. 232:977; Michie. HR. eL al. 1988. New Engl. J. Med. 
318:1481; Tracey, K.J. et. al. 1987. Nature ~30:662: Waage, A., Halstensen, A. and T. Espevik. 1987. Lancet 

I :3:55">. These monocyte-derived cytokines. including 1NFI. IL-I, and ll.-6, are.associated with septic shock 
syndrome., ultimately leading to multi-organ failure. Recent work.has characterized CD14 as a monocyte receptor 
for LPS (Wright, S.D .. eL al. 1990. Science 249:1431), which in turn led to the initial characteri7Jltion of a 
mechanism through which LPS activates m0nocytes/macr0phages. 

The current paradigm posits the involvement of the constitutively expressed plasma protein, 
lipopolysaccharide-b~g protein (LBP), which fonns high affinity complexes with LPS (Schumann, R.R. eL al. 
1990. Science 249:1429; Wright, S.D. et. al. 1990.Science 249:1431; Wright. SD. el. aL 1989 . .1. &p. 
Med.170: 1231 ). LBP is a plasma glycoprotein produced by the liver, present constitutively in plasma of healthy 

adult humans at 5-lOTg/ml, which has been shown to increase.in concentration up to 20-fold after an acute phase 
response (Schwnann, R.R. et. aL 1990. ,Science 249:1429; Tobias, P.S. et. al. 1992. Celi. Mol. Biol. 7:239; Tobias, 
P.S., Mathison, J.C. and R.J. Ulevitch 1988. J. Biol. Chem. 263: 13479; Tobias. P.S., Soldau. K. and R.J. Ulevitch 
1986. J. Exp. Med. 164:777; Wright, S.D. et. al. 1990. Science 249: 1431; Wright, S.D. et. al. 1989. J. Exp. 
Med. 170: 1231 ). Upon binding LBP, the ability of LPS to stimulate cytokine. production in macrophages and 
monocytes is enhanced (Mathison, J.C., Tobias, P.S. and R.J. Ulevitch 1991. Pathobiology 59: 185; Schumann, 
R.R. et. al. 1990. Science 249:1429; Wright, S.D. et. al. 1990. Science 249:1431: Wright. S;D. et. al. 1989.J. 

Exp. Med.170:1231 }. 

Membrane CD14 (mCD14). tethered th."Ough a glycosylphosphatidylinositol anchor (Zeigler­
Heitbrock, H. W.L. and R.J. Ulevitch. 1993. Immunology Today 14: 12 l ), functions as a receptor for LPS-LBP 
complexes(Schwnann.. R.R. et. al. 1990. Science 249:1429; Wright, S.D. eL aL 1990. Science 249:1431). CD14 

is expressed at high levels on monocytes and macrophages, and weakly on neutrophils (Ball, E.D. et. al. 1982. 
Proc. Natl. Acad. Sci'. USA 79:5374; Buclde, AM., Jayaram, Y. and N. Hogg 1990. Clin. Exp. Jmmunol. 81 :339~ 
Ferrero, E. et. al. 1990.J. /mmunoL 145:331; Goyert, S. et. al. 1988.Science 239:497; Haziot, A. et. al. 1988.J. 

Immunol. 141 :547). A murine pre-B cell line 70Zl3 (Paige, C.J. et. al. 1978. J. lmmunoL 121 :641). does not 
express detectable mCDl 4 by immunofluoresence, and is negative for message encoding CD14 as assessed by both 
northern blot analysis, and RT-PCR (Filipp, D. and M. Julius unpublished observation; Lee, J.D. et. al .. 1992. J . 

. Exp. Med. 175:1697). This cell line has been used to provide compellingevidence for the role ofmCD14 as a 
receptor for LPS-LBP complexes. Specifically. 70V3 responds to LPS with the expression ofmembtane 
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suggest a rol~ for sCDI 4 functioning as an agonist. enabling responses to endotoxin by mCDl 4· cells rather than 

fUnctioning as a n=plCT for LPS.LBP complexes on mCDI 4· cells. However. more recent studies have 

demonstrated that this may not be the case. at least for epithelial cells. 

Membrane CD14 in eadotoxin mediated induction of defeasins by epithelial cells. 

As discussed above. a recent study demonstrated that endotoxin induces the expression of 

deti:nsins in primuy bovine tracheal epithelial cells (Diamond, G. J.P. Russell, and C.L. Bevins. 1996. PNAS 

93 :5156) and that the expression involved mCDl 4. While unstimulated epithelial cells were shown to be mCDl 4·. 

th~· were induced to a mCDI 4· s\ate subsequent to LPS mediated activation (Diamond, G. J.P. Russell, and C.L. 

Bevins. 1996. PNAS 93:5156). The induction ofmCD14 on the primary tracheal epithelial cells was shown to 

correlate with the induction of message specific for COi 4 in the epithelial cells, suggesting it was likely of 

endogenous origin. Furt.'1er, LPS mediated induction ofdefensins was inhibited by mAb specific for CD14 

(Diamond, G. J.P. Russell, and C.L. Bevins. 1996 PNAS93:5l56). 

The mechanism(s) underlying LPS mediated activation of epithelial cells was thus shown to 

parallel those observed in mCD 14- monocytes and macrophages. The LPS activation pathways in these two cell 

types appear to differ from each other only in the basal levels of mCD 14 expressed by the two types of target cells. 

Comparable studies involving endothelial cells have not been reported. 

Soluble CD14 directly activates monocytes in the absence of serum/LBP. 

The paradigm described thus far is that endotoxin, in the fonn of LPS, mediates the activation of 

monocytes/macrophages and epithelial cells through its interaction with mCD14 on the cell. The serum 

dependence of this process, reflecting the involvement ofLBP, has been demonstrated in all but one circumstance. 

As described above, sCD14 has been implicated in endotoxin mediated activation/injwy of 

endothelial cells. Its function was postulated as potentiating the interaction ofLPS with the cell (Pugin, J. et. al. 

1993. Proc. Natl Acad. Sci. USA 90:2744). A subsequent study demonstrated that sCD14 isolated from the urine 

of nephrotic hwnan subjects was· able to directly stimulate the production of inflammatory cytokines. TNFl and Il.-

6. by human monocytes (Sundan. A. et al. l 994. Eur. J. lmmunol. 24: 1779). Human monocytes are mCD 14 ·, and 

LPS mediated induction of these two cytokines is serum dependent (Espevik, T. er. al. 1993. Eur. J. Immunol. 

23:255: Wright, S.D. er. al. 1992. J. Exp. Med. 176:719). In contrast, the activity of sCDl 4 isolated from urine in 

Ibis regard was shown to be serum independent, and was not affected by LBP. or by antibodies specific for LBP 

(Sundan, A. et. al. 1994. Eur. J. lmmunol. 24:1779). Further, the capacityofsCD14 to stimulate the production of 

inflammatory cytokines by human monocytes was shown to be inhibited with mAb specific for COi 4 (Sundan, A. 

et. al. 1994. Eur. J. /mmunol. 24:1779). 

Tnus, sCD14 appears to have lhe capacity to directly interact with as yet unidentified receptor 

structures on monocytes in a serum independent fashion, and result in cytokine production. Endotoxin and sCDl 4 

are thus able to mediate the similar biological responses in monocytes. Further, the ability of the same CD14 

specific mAb, 3C10 (Van Voorhis, W.C. et. al. 1983.J. Exp. Med. 158:126). to inhibit both of these modes of 

stimulation, suggests that at least in part, signaling pathways involving endotoxin and sCDI 4 are shared, perhaps at 

the le\'el of receptor structures. CD14 specific mAb 3C10 recognizes the N-teiminal ponion ofCDl4, and this 

recognition is dependent on the presence of the N-tenninal amino acids 7 to 14 of the CDl 4 molecule (Juan, T.S.­

C. et. al. l 995. J. Biol. Chem. 270: 17237). The capacity of3C10 to inhibit LPS mediated monocyte activatio~ has 

been interpreted as reflecting the role of mCD 14 residues 7 to 14 as an interaction site between mCD 14 and LPS 
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immunoglobulin (mlg) (Paige, C.J. er. aL 1978. J. ImmunoL 121 :641 ). The concentrati0n of LPS required to 

induce mlg expression in mCD 14- 70Z/3 is orders of magnitude higher than that ri:quired to stimulate cytokine 

production by mCD14~ monocyteS(Lee, J.D. et. al. 1992. J. Exp. M~d. 175:1697). When 70Z/3 is uansfected with 

cDNA encoding human CD14, it was demonstrated that the concentration ofLPS required to ~uce mlg 

expression by mCDl 4• clones was 10,000-fold lower than that required in the wild-type mCDl 4· parental line of 

70V3 (Lee,J.D. et.al.1992.J.Exp.Med. 175:1697). 

These results provide experimental evidence for the current model for in vivo LPS mediated 

activation of mCD 14- leukocytes. Upon exposure to LPS, LPS-LBP complexes form, and these complexes activate 

monocytes/macrophages through interaction with mCDl 4. 

: ·. 

endothelial cell activation (Pugin, J. et. al. 1993. Proc. Natl. Acad. Sci. USA 90:2744~ Haziot. A. et. al. 1993. J. 

Jmmunol. 151 : 1500), most pronouncedly when endotoxin was present at low concentrations (Haziot, A. et. al. 

1993. J. /mmunol. 15J:1500). 

The above experimental results. led to the postulated role of sCDl 4-LPS complexes in the 

activation of mCDl 4· endothelial cells. At high LPS concentrations these complexes are thought to be generated 

directly through the interaction of sCD 14 and I.PS. At low LPS concentrations LBP is thought to first interact with 

LPS, which in as yet uncharacterized ways is postulated to facilitate the generation of sCD 14-LPS complexes. 

While the above results are potentially at odds with each other in regard to the suggested 

mechanisms ~pporung endothelial/epithelial cell responses to LPS, they share a common element in that the 

mechanism(s) are distinct from those involving endotoxin mediated activation ofmCDl4. ~lls. Both studies 
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(Todd, S.C. et. al. 1995. J. Biol. Chem. 270:17237). In contrast, the basis for the capacity ofmAb 3Cl0 to inhibit 

the function of sCDl4 on monocytes in the absence ofl..PS is not clear (Sundan, A. et. al: 1994. Eur. J. Immunol. 

24: 1779). The simplest explanation suggests the presence of as yet uncharacterized rec...,,tor structures tbr sCD 14 

on monocytes. lhe mAb interfering with the interaction between sCD14 and such sttucture(s). 

Soluble CD14 inhibits the LPS-induced activation ofmonocytes and neutrophils in vitro in a dose dependent 

fashion 

International patent application published under No. WO 93119772 on October 14, 1993 

descnbes inhibition ofLPS-induced activation of monoc~1es and neuuophils in vitro bv recombinant human soluble 

CD 14 in a dose-dependent fashion, at least as indicated by data shown in Figure 1 of the published document. The 

experiments were carried out in the presence ofl..PS-LBP complex and are consistent with binding of the complex 

and the added CDl 4 present so as reduce the degree of interaction between the complex and membrane-bound 

CD 14 of the monocytes and neutrophils. Such a result is curious in that it is known that sCD 14 is itself capable of 

stimulating production of inflammatory cytokines by monocytes. 

Lactation-Associated ImmunoTrophic (LAIT)-Protein and B cell activation. 

The description of the isolation, characterization ofbiological activities, molecular cloning and 

expression of recombinant LAIT-protein (bovine CD14) is described in co-pending United States Patent 

Application Serial No. 08n46,883 filed November 18, 1996 and the International Patent Application Serial No. 

PCT/CA97100880 tiled November 18, 1997. Relevant portions of these pdor applications are reproduced herein. 

A protein was isolated from bovine and human colostnun and breast milk, which protein has 

been tenned Lactation-Associated lmmuno-Trophjc {LAIT)-protein. 

1"he biological acti\'ities ofLAIT-protein distinguish it from all other k.-town ~1okines that 

suppon B-cell growth and differentiation in adult animals, and thus may play a unique role in the regulation ofB 

cell activation. The induction of most humoral immune responses in the adult involves a sequence of cellular 

interactions among "helper" T lympho~'les, antigen presenting cells (APC), and B lymphocytes (Sprent. J.J. 1978. 

J. fap. ,\1ed. 147: 1159: Andersson, J. el. al. 1982. Proc . .'Vall .• -lead. Sci. C.:SA 77: 1612; Julius. M.H. ec. al. 1982. 

Proc . .\"atl. Acad. Sci. c:s.-t 79:1989). These interactions are mandatory (Sprent, J.J. 1978. J. Exp .• \fed. 147:1159: 

Andersson, J. et. al. 1982. Proc. Natl. Acad. Sci. USA 11: 1612: Julius, M.H. et. al. 1982. Proc . .\"ail. A.cad. Sci. 

USA. 79:1989; Juliu:, M.H. et. al. 1987. lmmunol. R11v. 95:914), and lhus reflect the role of specific plasma 

membrane associated molecules as transducers of prerequisite activation signals. lhe essential molecular 

interaction. reflected by the requirement for T cell-B cell contact, is mediated by CD40 expressed on the plasma 

membrane of the B cell, and its cognate ligand, gp39 (or CD40L), expressed on the plasma membrane of the T cell 

(Noelle, R.J. et. al. 1992. Proc. Natl. Acad. Sci. USA 89:6550; Annitage, R.J. et. al. 1992. Nature 357:80). The 

interaetion between CD40 and CD40L predicates the induction of B cell growth, B cell differentiation into 

inununoglobulin secreting ceils, and immunoglobulin isotype switching (Foy. T.M. et. al. 1993. J. Exp .• 'vied. 

178: J 567). Moreover, the array of cytokines produced by these interacting cells are central to the regulation of B 

lymphocyte activation, growth, and differentiation (Andersson, J. et.al. 1982. Proc. Xatl. Acad. Sci. [,~-177:1612: 

Noelle, R.J. et. al. 1983. Proc. 1'\iat~. Acad. Sci. USA80:6628: Hodgkin, P.D. 1990. J. Immunol. 145:2025~ Noelle, 

R.J. er. al. 1991. J. Immunol. 146:1118; Parker. D.C. 1980. Immunol. Rev. 52:115: Howard, M. et. al. 1982. J. 

Exp. Med. 155:914). These soluble mediators oflymphocyte activation do not act in isolation. Rather. they 
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supplement one another. each driving t.'ie B lym~ to the neXt stage of activation; rendering them susceptible 

to subseqlient and progressive activation si@ll8ls (Julius, M.H. et. al. 1987. lmmunol. Rev.· 95:914). 

LAIT-proteiil. in contrast, is direetly mitogenic for B CCJ.ls at nM concentrations, and functions 

as a co-stimualtor ofB cell growth m combination ~th stimulali0n through the B cell antigen receptor in the pM 

range. In these latter circumstances, those signals derived front antigen convert the B cell into a physiological state 

in which it can receive T cell help. The pertinence of supplying the neonate with a factor that directly supports B 

cell growth and differentiation in combination with •gen is significant when one considers the suppressed state 
1 . . 

ofT cells in a de\'eloping neonate. , 

It has been demonstrated that while the thymus efficiently produces T cells early in ontogeny, 

unlike the adult thy'mus (Bil\, J. er. al. 1989. J. Exp. Med. 169: 1405; MacDonald, H.R. et. al. 1988. Nanwe 

332:4020), it does not efficiently delete those T cells expressing potentially autoreactive antigen receptors 

(Schneider, R. el. al. i 989. J. Exp. Med. 169:2149; Smith. H. et. al. i 989. Science l45: 749: Ceredig, R. 1990. 

Intl. Jmmunol. 2:859; Cen:dig, R. and C. Waltzinger. 1990. /nd. lmmunol. 2:869) .. At the same time, these 

neonates are healthy. Colostrum and early breast milk contain well characterized inhibitors ofT cell function, 

pamcularly, TGFJll and TGFB2, which are inhibitors ofT cell activation (Sporn, M.B. et. al. 1987. J. Cell. Biol. 

105:1039; Massague, J. 1987. Cell 49:437; Wrann, Met.al. 1987. EMBOJ. 6:1633; Stoeclc, M. et. al. 1989.J. 

Jmmunol. 143:3258). It is therefore plausible that T cell function in neonates is actively suppressed by these 

cytokines to allow time for the maturation of thymic function. It is also of obvious importance for the neonate to 

initiate the production of its own protective antibodi.eis, given that maternally-derived and passively acquired lg is 

·both transient and contains specificities that reflect ~atemal antigen encounter. It is expected that LAIT-protein 

timctions as a T cell surrogate, supporting the growth and differentiation ofB cells in the neonate rresbly exposed 

to environmental anti@ens. The operation ofLAIT-protein thus.offers an alternative. truncated route for activating 

the immune system, which is independent ofT cell function. 

Sequencing analysis of bovine LAJT-protein fragmei:its revealed high homology with human 

CD14. CD14 was subsequently purified from h~ colostnun by affinity chromatography using available 

monoclonal antibodies. and was shO\\.TI to possess the same !'lll.1ge of biological activities us colostral bo\ine LAIT­

protem. The gene encoding bovine LAIT-protein was cloned fr.om a bovine cDNA library, and sho\\11 to be highly 

homologous to human CD14, at both.nucleotide and protein levels. R.ecombinant human and mouse CD14, as well 

as recombinant bovine LAIT-protein/CD 14 was prepared in both ~sect cell and mammalian cell expression 

systernS, and each were sho~ to conlain all of the bi~logical activities of native bovine LAIT-protein of colostral 

origin, with specific activities within a factor of two qf that obseJVe4 with native material isolated from each of the 

three species. 

lri the context· of this invention, "antibiotic proteins" or "antibiotic polypeptides" are wilh 

antibiotic properties: (i) linear. mostly helical peptides without cysteine, with 01· without a hinge (cecropins); (ii) 

linear peptides without cysteine and with a high proportion of certain residues such as proline and arginine; (iii) 

antibacterial peptides with one disulfide bond~ (iv) peptides with two or more S-S bonds giving mainly or only B­

sheet sttuctui-es including but not limited to human d~. HNP'." l, rabbit defensin NP-1. rat defensin NP-1, 

bovine Jl-defensin, TAP, pig protegrin, PG-3, and H-s crab tachypiesin I: and (v) antibacterial peptides derived 

from larger polypeptides with other known functions (Bom8n, H.G. 1995. Ann. Rev. Jmmunol. 13:61 ). 

"Defensins" are a subgroup of a.11~biotic polypeptides (Edwards, S. W. Biochemistry and 

Physiology of the Neu1rophil, 1994. Cambridge Uni~ity Press pp 67-70). 

SUBSTrrUTE SHEET (RULE 26) 



W099/61468 
PCT/CA99/00482 

"Sepsis" is condition ·which manifests itself in·!' human patient. when invaded by a microbial 

agent, a temperature of greater than 38°C or less than 36°C; a heart rate of greater than 90 beats per minute; a 

respiratoiy rate of greater 1han 20 breaths per minute or PaCO~ less than 32 mm Hg; a white blood cell count of 

greater rhan 12,000 mm·3, lcss than 4,000 mm·3 or greater than 10% inunature (band) fonns; organ dysfunction, 

hypoperfusion. or hypotension. Hypoperfusion and perfusion abnonnalities may include, but are not limited to 

lactic acidosis, oliguria, or an acute alteration of mental states (1992. Chest 101 : 1644 ). 

In the context of this application. CD14, wtless otherwise indicated mr.ans any of bovine, hwnan 

and murine CD 14 proteins, recombinant or isolated from a naturally occuning source ("native"), the sequences of 

whlch correspond to SEQ ID N0:4; SEQ ID NO:S and SEQ ID N0:6, respectively. 

The present invention provides a method of ameliorating the symptOmS of sepsis. According to 

this first aspect of the invention, there is a step of directly exposing epithelial cells of a mammal in need thereof to 

an effecti\-e amount ofa compound comprising (i.e., which is made up of or includes) soluble CDl 4, or a 

polypeptide ftagment of the CD I 4 that stimulates expression of a defensin in epithelial cells, or a conservatively 

substituted variant of said CD 14 or the frag.ment that stimulates said expression. 

The invention also includes a method of enhancing expression of derensins in a mammal in need 

thereof, by administering a compound comprising soluble CD 14 or a polypeptide portion of CD 14 that enhances 

said expression, or a conservatively substituted variant of said CD 14 or the portion that enhances said expression. 

The administering step includes preferably includes directly exposing epithelial cells of the 

mammal to said compound. 

The invention includes a method of stimulating expression of one or more defensins by 

epithelial cells by administering thereto an effective amount of a compound comprising soluble CDJ 4 or a 

polypeptide fragment of CDl 4 that stimulates said e>."J>ression, or a conservatively substituted variant of said CDl 4 

or the fragment that enhances said expression. 

The invention includes stimulating expression of a defensin along the gastrointestinal uact, or 

along the respiratory tract, of a mammal comprising exposing the tract to an effective amount of a compound 

comprising soluble CDl 4 or a polypeptide fragment of CDl 4 that stimulates said expression. or a conservatively 

substitUled variant of said CD 14 or the fragment that stimulates said expression. 

Expression of a defensin lakes place on the tongue of a mammal according to a cenain aspect 

Expression or a defensin can be in the intestine, particularly, the small intelo'line of a mammal. 

According to a general aspect of the invention, expression of defensins by epithelial cells of a 

mammal is induced. 

TI1e CDJ 4 can have an amino acid sequence selected from the group consisting of SEQ ID 

N0:4, SEQ ID NO:S, SEQ ID N0:6 or SEQ ID N0:7, or a conservatively substituted \'ariant thereof. 

In another aspect, the invention is a method of ameliorating the symptoms of sepsis comprising 

administering to a mammal in need thereof an effective amount of a soluble protein so as to directly expose 

epithelial cells of the mammal to the protein, the protein having an amino acid sequence which is at least about 

63% conserved in relation to the amino acid sequence identified as SEQ ID NO:S and having the ability to induce 

expression of defensins in epithelial cells. 

Alternatively, the protein can have an amino acid sequence which is at least about 68% or about 

71 % or about 73% or about 78% or about 83% or about 88% or about 93% or about 98% conserved in relation to 

the amino acid sequence identified as SEQ ID NO:S. 
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The invention includes a method for p.rophylactlc:ally treating a lipopolysac:charide-induced host 
int1ammatory response in a mammal, which method comprises administering a therapeutically effective amount of 

an erlective amount oi a protein to the mammal so as tO directly expose epiihelial ~lls of the mammal to the 

protein, the protein having an amino acid sequerice which is ill least abOut 63% ~ in relation to the amino 

acid sequence identified as SEQ ID N0:4 or identified as SEQ JD NO:S or identified as SEQ ID N0:6 and having 

the ability to enhance expression of one or more dcfensins in bovine epithelial cells. 

The invention includes a method of enhallc:ing expression of defensins in a mammal in need 

thereor: by administering an effective amo'ilnt of a soluble protein to the mammal, the protein having an amino acid 

sequence which is at least about 63% conserved in relation to the amino acid sequence identified as SEQ ID N0:4 

or identified as SEQ ID NO:S or identified as SEQ ID N0:6 and having the ability enhance expression of defensins 

in mammalian epithelial cells. 

The invention includes a method of Stiniulatfog expression of one or more detensins by 

epithelial cells by exposing the cells to an etlectivi:: amount of a soluble protein, the protein having an amino acid 

sequence which is at least about 63% conserved in relation to the ammo acid sequence identified as SEQ ID N0:4 

or identilied as SEQ ID N0:5 or identified as SEQ ID N0:6 and having the ability to stimulate expression of one or 

more defensins in epithelial cells. 

The invention includes a method of stimulating expression of a defensin along the 

gastrointestinal tract of a mammal comprising e.xposing the tract to an effective amount of a soluble protein, the 
protein having an amino acid sequence which is at least about 63% conserved in relation to the ammo acid 

sequence identified as SEQ ID N0:4 or identified as SEQ ID N0:5 or identified as SEQ ID N0:6 and having the 

.. ability to stimulate expression of a defensira in bovine epithelial cells. 

The invention includes a method of stimutating expression of a defensin along respiratory tract 

and/or on the tongue, or in the small intestine, of a mammal comprising exposing the tongue to an effective amount 

of a soluble protein, the protein having an amino acid sequence which is at least about 63% conserved in relation to 
the amino acid sequence identified as SEQ ID N0:4 or identified as SEQ ID NO:S or identified as SEQ ID N0:6 

and hll\ing the abilit~· to stimulate expression of a defensin in epithelial cells. 

The invention includes a method of inducing expression of defensms by epitheliai cells of a 
mammal in need thereof, lhe method comprising administering and effective amount of a protein, the protein having 

an amino acid sequence which is at least about 63% conserved in relation to the amino acid sequence identified as 

SEQ ID N0:4 or identified as SEQ ID NO:S or identified as SEQ ID N0:6 and having the ability to induce 

expression of defensins in epithelial cells. 

The CD14 or the polypeptide pOrtion or the variant can be obtained recombinant or chemical 

methods. 

In another aspect, the invention is a method of preparing a CD14 concentrate. The method 

includes providing a stock solution containing protein of a mammary seeretion. separating from the solution a 

concenuate comprising endogenous CD14; and deteinnining the concenuation ofCD14 in the concenuate. 

The manunary secretion can be milk, whole milk or a protein-containing portion of whole milk, 

or it can be colostrum or a protein-containing portion of colostrum. 

Preferably, the secretion has been previously subjected to a treatment step, and the treatment 

step is sufficiently mild to pennit preservation of the CD 14 activity for inducmg or stimulating defensin production 

and/or for stimulating B cells. 
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The mammmy secretion can be human or it can be bovine. Jn silliations in which the CD14 is 

obtained from a mammal in which it occurs endogenously (i.e., in a mammal which has not been lhe subject of 

molecular genetic manipulations), the CD 14 is preferably Oovine. 

In cases where the solution is a bquid solution the separating step can include salting out of 

proteins from the solution. 

Detennining the concentration of CD 14 can include exposing a sample obtained from the 

concentrate to a first antibody specific for CDl 4 to fonn an antibody-CDl 4 complex and subsequently exp0sing the 

complex to a second ttntibody specific for CD 14. wherein t.'1e second antibody includes a reporter molecule. ELISA 

assays are particularly COD\'enient in this regard. 

Determining the concentration of CDl 4 can include exposing a sample obtained from the 

concentrate to a first antibody specific for CD14 to form an antibody-CDJ 4 complex and subsequently exposing the 

complex to a second antibody specific for the first antibody, wherein the second antibody includes a rcponer 

molecule. 

In another aspect, the invention is a melhod of obtaining CDI 4 which includes pro\iding a stock 

soiuuon containing protein of a mammary secretion. precipitating 1rom the stock solution a protein fraction 

containing CD 14 and isolating the protein fraction from the supernatant. 

Precipitation can include salting out a protein fraction containing CD14. Preferably, lhe salt 

concentration of the solution is increased to obtain an ionic strenglh at least as high as would be obtained by 

combining a saturated aqueous solution of anunonium sulphate wilh a volume of a said mammary secretion (as it 

occurs naturally), in which the volume of the anunoniwn sulphate solution being equal to 65 percent of the total 

volume of the combined solutions. 

The method often includes also determining the amount of CD 14 obtained in the isolating step. 

Again, the mammary secretion can be colostTUm and/or milk and can be bovine or human. or 

from another type of mammal in which CDI 4 occurs in mammary secrelions. 

The invention includes anolher melhod of obtaining CD 14, that involves providing a stock 

solution comprising protein of a mammary secretion: and isolating from the solution a fraction containing proteins 

lhat are insoluble in the mammary secretion upon combining a saturated aqueous solution of ammonium sulphate 

wilh a volume of a said mammary secretion, the volume of the ammonium sulphate solution being equal to 65 

percent of the total volume of the combined solutions. Preferably. the method includes a step of determining the 

amowit of CDl 4 obtained in the isolating step. 

Endogenous CDJ 4 proteins obtained acco:'ding to methods of the invention can be used for 

directly activating B cells when in a suitably soluble form. Likewise, Ibey can be used in producing medicaments 

for such use. 

According to another aspect, the invention is a method for testing for the presence of CD 14 in a 

composition containing protein of a mammary secrelion. The method includes exposing the composition to an 

antibody which is specific for CD 14; and detennining whether CDI 4 endogenous to lhe secretion is present in the 

sample based on whether CD14-antibody complex has formed in the exposing step. 

11'..e secretion may or may not have been previously subjected to a treatment step. but if it has lhe 

treatmenl step is sufficiently mild to pennit preservation of the CD 14 activity for inducing or stimulating defensin 

production and/or for stimulating B cells. 

Aga:n, preferably, the melhod includes detennining the concentration of CD! 4 in the sample. 
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In another aspect, the invention is a method of preWntll~g. ameliorating or treating the symptoms 

of sepsis in a mammal, comprising administering to the ·mammal an effective amount of CD 14 obtained from a 

mammalian mammary secretion. 

Preferably; the CDl4 is obtaiiled from a mammary secretion according to one of the methods 

therefor described herein. 

The CD14 can be contained in a liquid and the liquid can include a fraction of the milk enriched 

in CD 14. The CD 14 can be contained in an edible product, such as a ·rood bar (e.g., chocolate or protein bar). 

In another aspect; the invention includes a method for determining the amount of endogenous 

CD 1.; contained in a composition containing protein ofa mammary secretion , i.e., on an animal not subject to 

molecular genetic manipulation as far asCD14 production is concerned. The method includes providing the 

composition; exposing a sample of the composition to an antibody which is specific· for CD 14 and. determining the 

amount CD 14 endogenous to the secretion present in the sample based on the amount of CD 14-antibody complex 

fanned in the exposing step. 

The inventiM includes a method for detennining the suitability of a product deri\'ed from a 

manur.ary secretion for use in inducing or stimulating defensin production in mammals. t.~e method comprising the 

steps of: 

providing a sample of the product: and 

determining the amount of CD 14 present in the sample. 

This aspect of the invention could thus be used as a preliminary step in detennining the amowit 

of such product is to be incorporated into a medicament or food product etc., to be used according to a method of 

this invention, or other method for which soluble CD14 is known to be useful. 

Accordingly, it is preferable that, if the secretion has been preViously subjected to a treatment 

step, the treatment step is sufficiently mild to permit preservation of the CDI 4 activity for inducing or stimulating 

said defensin production. 

Likewise. the invention includes a method for determining the suitability of a product derived 

from a manunary secretion for use in stimulating B cells in mammals. the method comprising the steps of: 

providing a sample of the product: and 

detennining the amount of endogenous CD 14 present in the sample. 

In preferred aspects, an antibody is used in tbe detennining step and more preterably, the 

antibod~· is mAb 3C10 and/or a mAb that recognizes the same amino aCid sequence as mAb JC 10. 

The invention includes the use of compounds described herein for the preparation of a 

medicament for use in ameliorating the symptoms of sepsis, for use in enhancing expression of defensins in a 

mammal, etc. 

Another aspect of the invention includes a method of enhanciDg expression of defensins in a 

mammal in need thereol: Comprising administering to 8 mammal in need thereof an effective &mOWlt of a 

recombinant polypeptide CD14 encoded by a non-naturally occurring recombinant DNA molecule comprising a 

. first DNA sequence selected from the group consisting of: 

(a) a cDNA sequence encoding CD14 according to SEQ ID N0:2; 

(b) a DNA sequence which specifically hybridizes to the noncoding strand of(a) and which codes 

on expression for a polypeptide specifically recognized by an antibody which also specifically recogilizes hwnan 

CD14;and 
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l c) a DNA sequence which encodes the same polypeptide as as encoded by a DNA sequence of (a) 

or (bi above: 

wherein the polypeptide encoded by (b) or ( c) enhances said expression. 

Yet another aspect of the invention is a method of stimulating expression of one or more defeosins by 

epithelial cells comprising administering to a mamnlBl in need thereof an effective a.'llOunt of a recombinant 

polypeptide CD 14 encoded by a non-naturally occurring recombinant DNA molecule comprising a first DNA 

sequence selected from the group consisting or: 

(a) a cDNA sequence encoding CDl 4 according to SEQ ID N0:2; 

(b) a DNA sequence which specifically hybridizes to the noncoding ~d of (a) and which codes 

on expression for a polypeptide specifically recognized by an antibody which also specifically recognizes human 

CDl4:and 

(c) a DNA sequence which encodes the same polypeptide as is encoded by a DNA sequence of(a) 

or(b) above; 

wherein the polypeptide encoded by (b) or ( c) stimulates said expression. 

Preforably, the specific hybridization is und::r stringent hybridization conditions. 

"Stringent hybridization conditions" talces on its common meaning to a person skilled in the an 

here. Appropriate suingency conditions which promote nucleic acid hybridization, for example, 6x sodium 

chlorideisodium citrate (SSC) at about 45°C are known to those skilled in the art. The following examples are 

found in Current Protocols in Molecular Biology, John Wiley&. Sons, NY (1989), 6.3.1-6.3.6: For SO ml ofa first 

suitable hybridization solution, mix togelher 24 ml fonnamide, 12 ml 20x. SSC, 0.5 ml 2 M Tris-HCl pH 1 .6, 0.5 ml 

l OOx Denhardt's solution, 2.5 ml deionized H20, 10 ml 50% dextran sulfate, and 0.5 ml l Oo/o SOS. A second 

suitable hybridization solution can be 1 % crystalline BSA (fraction V), I mM EDTA, 0.5 M Na2'if'04 pH 1 .2, 7% 

SDS. The salt concenu-ation in the wash step can be selected from a low stringency of about 2x SSC at 50°C to a 

high stringency of about 0.2x SSC at 50°C. Both of these wash solutions may contain 0.1 % SOS. In addition, the 

temperature in the wash step can be increased from low stringency conditions at room temperature, about 22°C, to 

high stringency conditions, at about 6S::C. The cited reference gives more detail, but appropriate wash stringency 

depends on degree of homology and length of probe. If homology is 100%, a high temperature f65°C to 75°C) may 

be used. lfhomolog~· is low, lower \.\'ash temperatures must be used. However, if the prob: is very short (<100bp), 

lower temperatures must be used even with 100% homology. In general. one st.arts washing at low temperatures 

(37°C to -10°C), and raises the temperature by 3-5°C intetVals until background is low enough not to be a major 

factor in autoradiography. 

Preferably, such a polypeptide is specifically recognized by an antibody which also specifically 

recognizes human CDl 4, such as mAb JCl 0. 

Methods of the invention can include direct topical exposure of the epithelium of the trachea, or 

of the outer epidermis of n marr.mal, panicularly of wounds, lO Ille polypeptide or protein, as the case may be. 

The invention thus also includes a method of preparing an oinunent for direct topical application 

to a wound of human skin for ameliorating the effects of infection, particularly bacterial infection, thereof, 

comprising incorporating into the ointment an effective amount of a concentrate or other compound of the invention 

having CD14 defensin inducing activity. 

Likewise, an ir.fant ionnula, milk or other liquid having added thereto a fraction of a milk 

product.. the fraction including a higher concentration ofCD14 than occurs naturally in the \Ulfractionated milk 
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product, whetein the milk product is one which has not been treated by a process which denatures the CDl 4 

contained therein to the extent that CD 14 loses the desired activity. is part of the in\"ention. 

Compositions and methods of the invention can be u~ for a mamri1al that is in need of 

protection against a microbial pathogen selected from the gi-oup consis~ of virus. bacteria, fungus and yeast, 

pirticularly where the mammal a human suffering ftom imn11me cidiciency. 
. . 

InduCed defcnsins include RtNPI. RINP2, RINP3, RINP4, HNPI. HNP2, and HNP3 and any 

combination thereof, or ofHNPl, HNP2, and HNP3, and any combination thereof. 

Preferably, the protein or polypeptide of the invention, as the case may be, is administered in an 

amount of between about 250 µg to about 2500 µg. per kg ofbod~ight of the mammal per day or in an amount of 

between about 300 µg to about 1 mg per kg of bodyweight per day. 

In another aspect, the invention is a method of directly activating B cells using a soluble 

polypeptide having the amino acid sequence selected from the group consisting ofleu-leu-leu-leu-leu-leu-pro-ser; 

Jeu-leu-leu-leu-leu-leu-pro-leu; and leu-leu-leu-leu-leu-leu-val-his, and which is specifically recognized by the 

monoclonal antibody 3C I 0 and which activates B cells. 

Preterably in such a method. the amino acid comprises a sequence selected from the group 

coDSlsting of SEQ ID N0:4. SEQ ID NO:S or SEQ ID N0:6 or a conservatively subst.ituted variant thereof which 

activates B cells. or a fragment thereof which activates B cells or a conservatively substituted variant thereof which 

activates B cells. 

The invention includes a transgenic manur.al having introduced into its genome a nucleic acid 

sequence encoding a polypeptide having the amino acid sequence identified as SEQ ID N0:4, SEQ ID NO:S, or 

SEQ ID N0:6, or fragment of said polypeptide which directly activates B cells; or a variant of said polypeptide 

which directly activates B cells; a conservatively substituted variant of the polypeptide; or conjugates of the 

fragment or variant thereof which directly activates B cells, wherein the nucleic acid sequence is under control of a 

CD 14 promoter endogenous to lhe mammal and the nucleic acid sequence is in addition to nucleic acid sequences 

which naturally occur in the DNA of the manunal. 

The nucleic acid sequence optio~lly encodes a polypeptide having the amino acid sequence 

identified as SEQ ID N0:4, SEQ ID N0:5, i>r SEQ ID N0:6, or fragment of said poiypeptide which ciirectly 

activates B cells; or a· conservatively substituted variant of the polypeptide, more preferably, a polypeptide having 

the amino acid sequence identified as SEQ ID N0:4, SEQ ID NO:S. or SEQ ID N0:6. or a consemmvely 

substituted variant of the polypeptide and even more preferably, a polypeptide having the amino acid sequence 

identified as SEQ ID N0:4, SEQ ID NO:S, or SEQ ID N0:6. Most preferably, the nucleic acid sequence bas the 

sequence identified as SEQ ID NO: l or SEQ ID N0:2 . 

. Preferably, the transgenic mammal has introduced into its genome a nucleic acid sequence 

encoding a protein capable of directly activating B cells using a s0luble polypeptide ha''ing the amino acid 

sequence selected trom the group oonsisting ofleu-Jeu-leu-leu-leu-leu-pro-ser: leu-leu-ieu-leu-leu-leu-pro-leu: and 

leu-leu-leu-Jeu-leu-leu-val-his, and which is specifically recognized by the monoclonal antibody 3Cl0 and which 

activates B cells. 

A transgenic mammal can alternatively have introduced into its genome a nucleic acid sequence 

encoding other proteins of the invention. The nucleic acid sequence can be a heterologuus sequence. 

In another aspect,· the invention is a transgenic mammal having introduced into its genome a 

nucleic acid sequence identified as SEQ ID N0:8. wherein the nucleic acid sequence is in addition to nucleic acid 
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sequences which naturally occur in the DNA of the mammal. SEQ ID NO:S inclUdes both coding sequences {see 

SEQ ID NO: 1) and a non-coding sequence portion, the non-coding of which is excised during the production of 

mRNA which contains only coding bases. Preferably, the nucleic acid sequence has been i1n:roduced into the 

mammal or a progenitor of the mammal by recombinant technology. Preferably, the mammal is bovine. 

BRIEF DESCRIPTION OF TIIE DRAWINGS 

Figure IA shows the differential inhibition of native human .LAIT (Hu-LAIT. nhCD14) 

mediated B cell activation by the CDl 4 specific mAbs 3C1 O and MEM-i 8 (Todd S.-C. Juan, et. al. J 995. J. Biol. 

Chenr . .'.:70:5219). The indicated concentration of mAbs 3C I 0 (--), lvlEM-18 (- - -) or their isotype non­

specific mAbs, 12CA5 (lgG2b)(-){J. Field, et. al. 1988. Mol. Cell. Biol. 8:2159), and W3/25 (lgG1)(-- -- -) 

(A.f. Williams. 1977. Cell 12:663). respectively, was added to 0.2 ml of serum free culture medium in a 96 well 

tlat bottomed culture plate (Costar), which contained either: I Tg/ml of native (n) Hu-LAIT C•)or 5 Tg/ml LPS 

(e). Following 5 hours of incubation at 37°C, 1.5 x 105 high buoyant density mouse splenic B cells, isolated as 

prC\iously described !Ratcliffe, M.J. et. al. 1983. J. /mmunol. l3 l :581 ), were added to each of the cuiture wells. 

At JO hours. cultures were pulsed v.ith 1 TCi of ~-TdR, harvested onto filter mats 6 hours later, and thymidine 

uptake assessed by scmtillation spectroscopy. Results are expressed as a percentage of the response induced by 

each of the two stimuli in the absence of any mAbs. The background response in the absence of stimulus ranged 

from 0.7 to 1.7 x lOJ cpm~ the responses to S Tg/ml LPS and l Tg/ml nHu-LAITin the absence ofmAbs were 77.8 

x 103 cpm, and 82.3 x 103 cpm, respectively. The error bars indicate one standard deviation about the mean of 

triplicate cultures. 

Figure JB shows the inhibition of recombinant (r) Hu- and rBo-LAIT mediated B cell activation 

by the CD14 specific mAb, 3C10. The indicated concentration ofmAb 3C10, or an lgG2b isotype non-specific, 

mAb OX40 (Paterson, DJ. et. al. 1987. Mol. lmmunol. 24:1281 ), was added to 0.2 ml of serum free culture 

medium in a 96 well flat bottomed culture plate (Costar), which contained either: 15 T g/ml of soluble recombinant 

hwnan CD14 (rHu-LAIT) C•)~ 2 Tg/ml soluble recombinant bovine CD14 (rBo-LAIT) (t), or 5 Tg/ml LPS (·). 

Follo\\lng a 5 hour incubation at 37°C. 1.5 x 105 high buoyant density mouse splenic H cells, isolated as 

pmiously described Olatclitre, M.J. et. al. 1983. J. Jmmrmol. 131 :581), were added to each of1he culture wells. 

At 40 hours, cultmes were pulsed with 1 TCi of3H-TdR., harvested onto filter mats 6 hours later, and thymidine 

uptake assessed by scintillation spectroscopy. Results are expressed as a percent of the response induced by each of 

the 'lhree stimuli in the absence of any mAb. The background response in the absence of stimulus nmged from 0. 7 

to 1.7 x 103 cpm~ the responses to 5 Tg/ml LPS,l S Tg/ml rHu-LAIT, and 2 Tg/ml rBo-LAIT, in the absence ofmAb 

3Cl0. were 77.8 x i03 cpm, 10.9 x 103 cpm, and 82.3 x 103 cpm, respectively, with a standard deviation among 

replicate cultures of <10%. The inhibition mediated by OX40 was less than 15% at all of the concenuations tested. 

Figures 2A and 2B illustrate a comparative analysis ofLPS and rBo-LAIT induction of 

membrane IgP expression (mlgP) in \he murine pre-B cell line, 70Z/3. 8 x 104 70Z/3 cells were cultured in 0.1 ml 

of serum free medium in fiat bottomed 96 well culture plates (Costar) for 20 hours in the presence of no stimulus. 

or the indicated concentrations ofrBo-LAIT (t), LPS derived from S. typbimurium (Sigma)(·), or deep rough LPS 

derived from E. coli mutant 031 m4 <•>(Kirkland, T.N.,Qureshi. N. and K. Takayama 19~1. Inf. and Imm. 

59: 131 ). Cells were harvested and stained with fluorcscein conjugated mAb 187 .1(F187 .1) (Yelton, D.E. et. al. 

1981. Hybridoma 7:5), specific for mwine IgP, and the proportion ofmlgp· cells assessed flowcytometrically usmg 
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a B.-D. F AC Scan. The three upper histograms of Figure 2A illustrate ihe ProJ>Oruons ·of mlgP .. 70113 cells after the 

20 hour culture period at 37"C: in the absence of stimulus (left), in ilie ~ce of 3 ·rg1m1 $. typlumuriwn LPS 

lmiddle ), and in the presence of 0.1 Tg/ml rBo-LAIT (right). Fig\ire 2B sho\vs the peicentage of migP" 70lJ3 cells 

induced by the indicated concentrations of the iiuee Stimuli. 

Figure 3A shows the inhibition ofrBo-LAIT medi~ted ~duction ofmlgP .. 70ZJ3 cells by mAb 

3CIO. The indicated concentration ofmAb 3Cl0 was added to 0.1 ml of serum free medium containing no 

additional stimulus<•>. 3 Tglml of S. typhimurium LPS (·),or 0.1 Tglml rBo-LAIT C•), and the mixtures plated in 

96 well plate (Costar) and incubated at 3 7°C for 2 hours. Subsequent to .this pre-incubation period. 8 x 104 70ZJ3 

cells were added to each of the culture wells, followed by a 20 ho_ur cuit.ure period at 37°C, after which the cells 

were harvested and stained with F 187. J, and the proportion of mlgP" cells assessed flowcytmnetrically using a B.­

D. FACScan. Illustrated are the % Control responses, i.e. the proponion ~f migP- iOZJ3 cells obser\'ed in the 

presence of the indicated concentration ofmAb 3Cl0 divided by_ the prop~on ofmigP• 70lJ3 cells observed in 

the absence ofmAb 3CIO for each ofrBo-LAIT and LPS inductions. Isotype non-specific mAb OX40 did not 

meu1ate greater than 15% inhibition when cultured at an~· ofthc concentrations at which mAb 3Cl0. was used for 

either of the two stimuli. 

Figure 3B ·shows the differential inhibition of rHu-LAIT mediated induction of mlgP• 70lJ3 

cells by CD 14 specific mAbs. 1be indicated concentration of mAbs 3C I 0 (e), MEM-18 <•). or their respective 

isotype non-speeific mAbs, 12CAS (·)and W3/25(t), were added to 0.1 ml of serum fn:e medium containing 0. 75 

Tg/ml nHu-LAIT. FollOwing a 2 hour incubation at 37°C, 8 x lo~ 70'll3 cells were added to each of the culture 

wells, followed by a 20 hour culture period at 37°C, after which the cell~ were harvested and stained with Fl 87 .1, 
. . 

and the proportion ofmlgP .. cells assessed flowcytometrically using aB.-D. FACScan. Dlustrated are the% 

Control responses, i.e. the proportion ofmlgP+ 70'1)3 cells observed in the presence of the indicated concentration 

ofmAbs divided by the proportion ofmlgP" 70ZJ3 cells observed in the presence of0.75 Tglml nHu-LAIT_in the 

absence of any mAb. 

Figures 4A to 4C show the effect on induction of mlgP· in 70'll3 cells ~· nBo-LAIT or by LPS 

of diphosphoryl lipid A deriwd from Rhodopseudomonas sphaeroide.f (RSDPLA ). 8 x IO"' 70'1)3 ceiis were 

cultured in 0.1 ml of serum free medium containing I 0 Tg/ml RSDPLA in 96 well plates (Costar), at 37°C for 2 

hours. Subsequent to this pre-incubation period, the indicated concentration ofReLPS (t, Figure 4A), or native 

Bo-LAIT (;,Figure 4B) was added. followed by a 20 hour culture period at 37°C. The cells were har\'ested and 

stained with F 187 .1, and the proportion of mlgP.. cells was assessed flowcytometrically using a B.-D. F AC Scan. 

Two controls were ru.-i for comparison to results obtain with each stimulus. RSDLP A (A) was added at the 

concentration indicated to cells which had been similarly pre-treated with RSDPLA. ReLPS was added to cells 

that had been similarly pre-incubated but with no RSDLPA (II, Figure 4A). n-Bo-LAIT was also added to cells 

that had been similarly pre-incubated with no RSDLPA (e, Figure 4B). In Figure 4C, replicate 96 well flat 

bottomed plates (Costar) were seeded with 8 x 104 70ZJ3 cells in 0, l ml of serum free medium containing the 

indicated concentration ofRSDPLA for 2 hours at 37° C. Subsequent to this pre-incubation period, cultures were 

supplemented with no stimulus (A), 5 Tg/ml ofLPS (e), or 0.3 Tg/ml of~o-LAIT C•>. as indicated in Figure 4C. 

One plate was harvested 20 hours later, and cells were stained with phy~rythrin (PE) coltjugated goat anti-mowie 

lgP $PCCific antibody (Soutrum Biotechnology). Tii.e proportion ofmlgP· cells was asse.'ISCd using a B.-D. 

FACScan. Illustrated are the o/o control responses i.e. the proponion of migP" cells observed in the presence of the 
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indicated concentration ofRSDPLA divided by the proponion of mlgP~ cells observed in the presence of the 

indicated stimuli in th~ absence ofRSDPLA (left-hand vertical axis). The second plate was pulsed ~ith 1 TCi of 

1-1-TdR 14 hours after the addition of stimuli, harvested onto filter mats 6 hours later, and thymidine uptake 

assessed by liquid scinttllation spectroscopy (right-hand vertical axis). 

Figure SA is a diagrammatic representation ofnHu-LAIT/CD14. Depicted are the two regions 

which characterize the epitopes recognized by mAb 3Cl0 (amino acids 7 to 14) artd MEMl 8 (amino acids S7 to 

6S). Figure SB is a schematic of how RSDPLA may function to inhibit Hu-LAIT mediated 70Z/3 differentiation. 

RSDPLA may be interacting with the LPS binding site of the Hu-LAIT protein, or RSDPLA may be interacting 

with the putative receptor for LAIT on the 70Zl3 cell. Some elements ofLPS and LAIT-protein mediated cellular 

activation may be shared. Also shown is mAb MEM-18, which would block the interaction of nHu-LAIT and 

RSDPLA according to one of the possible modes of interaction. Figure SC shows the effect of various 

concentrations ofmAb MEMI 8 on induction ofmlgP"" in 70Z/3 cells by nHu-LAIT in the p;esence ofRSDPLA. 8 

x 104 70113 cells were cultured in 0.1 ml ofsenun free medium containing 30 Tg/ml ofRSDPLA for 2 hours at 37° 

C. These cultures were supplemented with 0.75 Tg/ml ofnHu-LAIT that had been pre-incubated with the indicated 

concentration ofrnAbMEM-18 for 2 hours at 37"C. After a further 20 hour incubation at 37"C, the cells were 

harvested and stained with phycoeryth:rin (PE) conjugated goat anti-mouse IgP specific antibody (Southern 

Biotechnology). The proportion of mlgP· cells was assessed using a B.-D. FACScan. Illustrated are the % control 

responses i.e. the proponion ofmigP" cells observed in the presence of the indicated concentration ofRSDPLA 

divided by the proportion of mlgP .. cells observed (90%) in the presence of 0. 7S Tg/ml of nHu-LAIT in the absence 

ofRSDPLA. 

Figure 6A shows the quantification ofnHu-LAIT/sCDl4 in paired samples of human milk and 

serum obtained from 9 subjects at the indicated time post partum. sCDl 4 was quantified using a conunercially 

available ELISA kit {IBL, Hamburg). Results are presented as the ratio of sCD 14/toial protein in milk l open 

symbols) and serwn (closed symbols), each shape of symbol representing a different subject. Tolal protein was 

determined using a colorimelric detection system (BioRad). 

Figure 6B shows an anal~·sis ofB cell ~rowth promoting activity of heat denatured nBo-LAIT. 

l .Sx I o5 high buoyant density mouse splenic B cells from conventional CS7Bl/6 mice were prepared as previously 

described (Ratcliffe. M.J.H. and Julius. M.H. 1983. I. Immunol 131 :581) and cultured in 0.2. ml of serum free 

medium in the presence of the indicated concentrations of stimulus. The indicat.ed concenttations of nBo-LAIT 

were achieved. by diluting a lOX solution which had been subjected to 99.9°C for 10 minutes in a Perkin Elmer 

GeneAmp PCR system 9600, or left untreated. Subsequent to this treatment, samples were cooled on ice for S 

minutes. and added to B cell containing cultures. Cultures were pulsed with ITCi ofjH-TdR at 40 hours, 

harvested 6 hours latt:r, and thymidine uptake assessed by liquid scintillation spectroscopy. 

Figures 7 A -7C show the partial purification ofbioactive nBo-LAIT/CDl 4 using a combination 

of sequential salting out and size exclusion chromatography. Bovine milk whey was prepared and salted out as 

described in the text. Shown in Figure 7 A is the CD 14 specific immunoblot of clarified milk whey (CM), affinity 

. purified nBo-LAIT (nBo), and each of the (NH.)?SO. fractions tested. The immunoblot was earned out as 

described below for Figure 70. Shown in Figure 7B is the resolution of the proteins in each of the fractions 

described in Figme iA using 10% SOS-PAGE followed by silver staining. The 62% (Nllc)?SO. fraction 

containing the highest proportion ofnBo-LAIT/CD14 was subjected to molecular sie\ing on a Superdex-7S size-
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exclusi~FPLC CQlumn ~cia)equilibrated in TN buffer(lOmM Tris pH 8.0, 150 mM NaCl). TN buffer 

was used to elute proteins at a flow rate of0.4 mVmin, and 0.2 ml fractions were collected over a period of 40 

minutes using an OD2ao nm detector to monitor the elution profile of protein; Each of the fractions obtained was 

assessed lbr nBo-LAIT/sCD 14 by immunoblot as described for figme 70, Fnctions 47 to 49 &om this.separation 

~ure contained the highest concentration ofnBo-LAIT/sCDl4 by immunoblot analysis. Figure 7C shows a 

comparati\'e analysis of the induction of mlgP expression in the murine pre-B cell line, 10113, by affinity purified 

nBo-LAIT/sCD14 (nBc-LAIT). The 62% (NH,)2S04 fraction (•)used as the staning material for molecular sieving; 

and fractions 47 (II), 48 LJ, and 49 (e)isolated from the Superdex-75 that contained the peak content ofnBo­

LAIT/sCD14 as assessed by inununoblot analysis. 8 x 104 70113 cells were cultured in 0.1 ml ofserum free 

medium in flat bottomed 96 well culture plates (Costar) for 20 hours in the presence the indicated concentrations of 

each of the stimuli. Cells were harvested and stained with PE conjugated goat anti-mouse IgP specific antibody 

(Souther:n Biotechnology), and the proportion of mlgl>. cells assessed flowcytometrically using a B.-D. FACScan. 

Figwe 7D shows the comparative B cell stimulatory activity ofnBo-LAIT affinity purified from 

bm'ine colostrum and milk. Clarified colostral and milk whey were subjected to sequential salting out using 

increasing concentrations of ~S02 as described for Figure 7 A. The 62% (NH.)2SOa fraction was solubilized and 

desalted and sCD14 was affinity purified on mAb 3Cl0 conjugated to Sephadex 4B. The atranity pwified material 

from colostrum ( • ), and milk <•>. was added at the indicated concentrations to 0.2.nu ~ultures of serum free medium 

containing 1.5 x. JOs hish buoyant density splenic B cells isolated as previously described. At 40 hours, cultures 

were pulsed with 1 TCi of3H-TdR. harvested onto filter mats 6 hours later, a.'ld thymidine uptake assessed by 

scintillation specttoscopy. The insert in Figure 7D represents an inununoblot of milk (M) and colostral (C) bovine-

. derived sCDl 4. 250 ng of protein was resolved by 10% SOS-PAGE and the protein was then transfeued to a 

PVDF membrane. Following blocking in 5% skim milk for 1 hour, pro1ein was revealed using a polyclonal rabbit 

anti-bO\ine CD14 in combination with horse radish peroxidase conjugated goat anti-rabbit lgG (BioRad). Signals 

were detected by ECI. {Amersham). 

Figure 8A shows the sequences of the oligonucleotide probes used for detecting mRNA specific 

for bm'ine tracheal antimicrobial peptide <TAP). Figure 8B shows the sequence of !.he oligonucleotide probe used 

to detect mRNA specific for bovine tubulin. used as a loading control. 

Figure 9A shows the induction of tracheal antimicrobial peptide (TAP) mRNA in primary 

tracheal epithelial cells by LPS, native LAIT-protein derived &om bovine (nBo-I..Art) and human tnHu-LAIT), and 

by recombinant bovine LAIT-protein derived from either a a mammalian expression system (rBo-Cl27), or a 

baculoviius e~ion system (rBo-Sf9). Primary cultures of bovine ttacheal epithelial cells were prepared 

according to previously published methods (Diamond, G. et.al. 1996. Proc. Natl. A cad. Sci. USA 93:S156). S x 

I o5 tracheal epithelial cells were cultured in l ml of serum free medium containing the indicated concentration of 

the various stimuli. After a 16 hour culture period at 37°C, total RNA from each of the cultures was isolated using 

the Trizol method (Gibco) and 20 Tg loaded onto a 1.2% fonnaldehyde/agarose gel. Resolved RNA was then 

transferred to a nylon membrane (GeneScreen, DuPont) using a Vacuum blotter (Pharmacia) in IOxSSCand UV­

crosslinkeci according to the manufacturer recommendations. 5'-end labeled TAP oligo-probes (see Figures 8A and 

SB) were mixed J :1 and hybridized to immobilized RNA in 50% (vol/\'Ol) fonnamide/6X standard saline citrate 

. (SSC)/SX DenhardtCs/0.5% (wt/vol) SDS/l Oo/o (wt/vol) Dextran sulfate/lOO Tg/ml .Salmon spenn DNA at 42°C 

for 16 to 20 hours and then washed in 2X SSC, 0.1 % SDS at 65°C for 30 minutes. Loeding was nonnalized by 

assessing levels ofbo,ine tubulin in each lane. Hybridization \.\ith bo\ine tubulin specific oligo-probe was done 
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using high stringency washing conditions consisting ofO.IX SSC, l % SOS at 6S°C tor 2 hours. Signal intensities 

for TAP were nonnalized to relative RNA amount measured by assessing the signal intensity of the loading control 

probe using a Phosphorhnager (Molecular Dynamics). 

Figure 9B shows the kinetics ofLPS and nBo-LAIT/sCD14 induction of tracheal antimicrobial 

peptide (TAP) mRNA in primary tracheal epithelial cells. Prirruuy tracheal epithelial cells were prepared and 

cultured as described in Figure 9A. Replicate cultures all contained eith~ 1 Tg/ml ofl.PS or 1 Tglml ofnBo­

LAITlsCDI 4. At the indicated time points total RNA was isolated, resolved on agarose gels. and probed first with 

TAP specific oligo-probe$, followed by a tubulin specific oligo probe, as d~scribed in Figure 9A. Signal intensities 

for TAP were nonnalized to relative RNA amount measured by assessing the signal intensity of the loading control 

probe using a Phosphorhnager (Molecular Dynamics). 

DESCRIPTION OF PREFERRED EMBODIMENTS 

The: experiments described below demonstrate that the induction of high buoyant density splenic 

B cells derived from mouse are induced to enter and progress through cell cycle in response to recombinant fonns 

<>fb0\1ne and human LAIT-protein/sCD14. in vitro. in defined serum ireemediwn. It is shown that a mAb 3Cl0, 

specific for the amino terminal residues 7-14 of human CD14, but not mAb MEM-1 S, specific for the residues 57-

65, specifically inhibits the growth promoting activity of recombinant and native bovine and human LAIT­

proteinisCDI 4 for mouse B cells in this assay. 

Jn vitro induction of the differentiation of the mCD14", mlg· murine pre-B cell line 70V3 to an 

m1g • state. by recombinant bovine and human LAIT-protein/sCDl 4, in defmed serum free medium, is 

demonstrated. lt is shown that this process is inhibited by mAb 3Cl 0, but not mAb MEM-18. 

It is shown that both LPS and recombinant bovine LAIT-proteirJsCDI 4 mediated induction of 

the murine pre-B cell line 70Z/3 to an mlg+ state are inhibited by diphosphoryl lipid A derived from 

RhodopseudomonDs sphaeroides (RSDPLA). 

It is shown that the colostrum of human subjects contains 100-400-fold higher concentrations of 

nati\-e human LAIT-proteinlsCDl 4 compared to serum samples from the same subjects taken at the same time post­

partum. It is shown thst the increased concentration of human LAIT-protein/sCD 14 in colostrum and milk relative 

to that observed in senun persists up to 400 days post-partum. 

It is shown that the biological activity of native bovine LAIT-prote1n/sCD14 in milk obtained up 

to 200 days post-panum is comparable lO that observed in bovine colosuiun. Bovine milk-derived LAIT­

protein/sCD 14 is shown to induce high buoyant de11.sity splenic B cells derived from mouse to enter and progress 

through cell cycle, in vitro, in defined seru.'11 free medium, with specific activity comparable to that observed for 

colostral derived native bovine LAIT-proteinlsCDl4. 

It is shown that B cell growth promoting activity of affmity purified nBo-LAIT is severely 

reduced after boiling at 99. 9°C for l 0 minutes. 

It is shown that sequential salting out of proteins from clarified bovine milk whey using 

~)iS04as described in detail below, results in the enrichmelit of native bovine LAIT-proteinlsCDl4 in the 62% 

(NH.)lSO. fraction. This 62% {NH.)2SO, fraction of bovine milk whey is shown to stimulate the induction of the 

differentiation of the mCDl4", mlg" murine pre-B <'.ell line 70113 to an mlg" state in vilro. 

It is shown that molecular sieving of proteins in the 62% ~)?SO.fraction of bovine milk 

whey yields fractions enriched in bioactive native bovine LAIT-proteinlsCDl 4. These enriched .fractions are shown 
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to ha\'e roughly 100-fold higher specitic ·aCiivity than the 62% (N}t)2S04 traction of the bovine milk in the 
. .. 

induction of the differentiation of the 1l'iCDl4". inlg" mUrine pr~B·ceU line iOZJ3 to an mI1f state in vitro. 

It is shown that LPS, native fonns of both·~ arid·h-LAIT-protein/sCDl4. and 

recoJl'ibinant fonns of bo\rine LAIT -proleinlsCD14 ·produced. in rr.ammalian. and baculovirus expression systems, 

each induce the expression of tracheal antimicrobial peptide (TAP) in ptjmmy bovine tracheal epithelial cells. 
! ~ 

EXPERIMENTS 

LAIT-protein/sCD14 Mediated B Cell Activation is Inhibited by MAb 3C10 

The CD 14 specific mAbs, 3C 10 and fvlEM-18 ·inhibit the activation of monocytes, and their 

ensuing production of inflammatory cytokines mediated by LPS-LBP complexes. Flirther, mAb 3Cl0 has been 
shown to inhibit sCDl 4 mediated activation of monocytes. The latter re~lt is consistent with the existence of 

: .. 
receptors for sCDl 4 on monocytcs, and that the region of sCD 14 which interacts with these putath-e receptors is 

. the same as or very close to that region of mCD 14 on monocytes that interacts with complexes of LPS-LBP. Since 

mono~rtes are mCDl .;-, 3C 10 mediated inhibition of sCD 14 function could be due to its interaction ''ith sCDl 4, 

mCD 14 expressed or. the target mor.o~ies, or both. 

The results illustrated in Figure I A show the differential capacity of CD 14 specific mAbs to 

inhibit murine B cell activation mediated by native human LAIT-protein/~CD14. MAb 3Cl0, but not mAb l'vfEM-

18, nor their respective isotype control mAbs, inhibits the induction of 8 cell growth by LAIT-protein, while none 
ofthe mAbs inhibits I.PS inducedB cell growth. The results illustrated iii Figure lB show that the CD14 specific 

mAb 3C l 0 inhibits both rBo-LAIT/sCDl 4 and rHu-LAIT/sCD 14 mediated murine B ceils growth, Y..'hile not 

affecting LPS induced B cell.growth. 

Since the expression of mCDl 4 by B cells is unsettled, these results do not distinguish among 

possible mechanisms underlying mAb 3Cl 0 inhibition of sCDl 4 mediated B cell activation. Further, \\-'bile the 
purity of the high buoyant density miuine B cells used as targets in this experiment range from 88% lo 95%, the 
contaminating cells are mCDl4·. Specifically, it has been demonstrated that these B cell populations contain 

mRNA encoding CD14. (PCT Application No.PCT/CA97/00880). Two experiments were carried out man attempt 

to clari~· the mechanismc.s) underlying LAIT/sCD14 mediated B cell activation. 

B cells were isolated based on their expression of migP by fluorescent activated cell sorting to 

greater than 99% pwity. This population ofB cells was shown to be negative for contained CDl4 specific mRNA 

as assessed by northern blot analysis. lt wa.S subsequently demonstrated that this "CD14" B cell population 

responded as robustly to native Bo-LAIT/sCD 14 (nBo-LAIT) derived from colostrum as did B cells not purified by 

this technique. Thus, by this criterion, it appears that nBo-LAIT interacts with a putative receptor on B cells, in a 

mCDl4 independent fashion (PCT Application No. PCT/CA97/00880). The second approach used to detennine 

the involvement of mCDJ 4 in LAIT-protein mediated B cell activation involved assessing its ability to induce the 

differentiation of the CD14" pre-B cell line, 70113. 

LAIT/sCD14 Induces the Differentiation of a mCD14- Pre-B-Cell linl! 

The membrane immunoglobulin negative (mlg") miuine pre-B cell line 70Z!3 (Paige, C.J. et. al. 

J 978. J. /mmunol. 12 J :64 l ). does not express detectable mCDl 4 by immunofluoresence, and is negati\'e for 

mRNA encoding CDI 4 as assessed by both northern blot analysis, and RT-PCR (Filipp, D. and M. Julius 

unpublished observation; Lee.J,D. et. al. 1992. J. Exp. Med. l 75:i 697). 70ZJ3 is induced to a mJgP" state upon 

stimulation with either I.PS or IFN-K<Paige, C.J. et. al. 1978. J. lmmunol. 121 :64 l). The results illustrated in 
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Figure 2 show that rBo-LAIT/sCDl 4 induces the differentiation of70213 to an mlgP" state as efficiently as does 

LPS. This result indicates that there is a receptor for rBo-LAIT on 70ZJ3 cells, and further, that the receptor cannot 

be mCDl-1. This approach therefore provides a means by which to assess the mCDl4 dependence ofmAb JCIO 

mediated inhibition ofLAIT/sCD14 biological activity. 

LAIT/1CD14 Induction of70Zl3 Differentiation is Inhibited by mAb JClO 

The results illuslrated in Figure JA show that mAb 3 Cl 0 inhibits LAIT /sCDl 4 induction of 

migP expression on 70113. LPS mediated induction ofmlgP is not inhibited by mAb JClO, illusirating that the 

inhibition is specific to LAIT /sCD 14 mediated induction, and further that the mechanism underlying mAb JC I 0 

mediated inhibition does not involve its direct interaction with 70ZJ3. 

1he results illustrated in Figure 3B show that not all CD14 specific mAbs inhibit LAIT­

proteir.:sCD I 4 mediated 70113 differentiation to a mlgP" state. Specifically, mAb 3C I 0, but not mAb MEM-18, 

also specific for CD I 4, nor either of their respective isotype control mAbs, inhibits the induction of 70113 

differentiation by recombinant hwnrm LAIT-protein/sCDI 4. The results indicate that mAb 3C 10 interacts with 

LAIT/sCD14 and masks determinants which interact with the putative receptor(s) for LAlT/sCDl4 expressed by 

70113. 

Endotoxin and LAff-Protein/sCD14 Share Signaling Pathways 

A:s discussed in the background section, 11. number of models have been proposed to explain the 

mechanism through wbich LPS induces monocyte activation, and their subsequent production of pro-inflammatory 

cytokines. The role ofmCDl4, functioning as a putative receptor for endotoxin. is central to most postulated 

mechanisms. While the expression of mCD 14 reduces the concentration of LPS required to induce cellular 

activation by orders of magnitude, it does not predicate LPS mediated activation. Particularly, the concentration of 

LPS required to induce mlg expression in mCDJ4" 70Zl3 is higher than that required to stimulate cytokine 

production bymCDl4" monocytes (Lee, J.D. et. al. 1992.J. Exp. Med. 175:1697). Further, when 70'ZJ3 is 

transiected '"ith cDNA encoding human CDl4, it was demonstrated that the concentration ofLPS required to 

induce mig expressicn by mCDI 4 • clones was I 0.000-fold lower. than that required in the wild-type mCD I ·f 

parental line of 70Zl3. Further, the efficacy of stimulation by LPS in these circumstances was serum dependent, 

reflecting lhe involvement of LBP (Lee, J.D. et. al. 1992. J. Exp. Med. 175: 1697). Thus, while emphasizing the 

ceritral role of mCD 14 in mediatmg cellular interaction with LPS-LBP complexes. the results also demonstrate that 

there is an mCD14 independent acti'\lation pathway utilized by LPS, which is serum, and thus LBP, independenL 

The question follows as to whether mCDI 4 independent pathways involved in LPS and 

LAIT/sCD 14 activation of 70'ZJ3 share signalling elements. The results shown in Figure 4 indicate that this might 

be the case. It has previously been demonstrated that diphosphoryl lipid A derived from LPS inhibits the activation 

of70Z/3 b:>' LPS (Kirkland, T.N., Quershi, N. and Takayama, K. 1991. lnfecllon and Jmmimity 59: 13 l ). In 

particular, pre-incubation of70Z/3 with diphosphoryl lipid A (RSDPLAJ inhibited subsequent LPS induced 

~sion of mlg. A:s shown in Figme 4A, pre-incubation of 70ZJ3 in medium containing RSDPLA at l 0 Tg/ml 

resulted in a 3-4-fold inhibition ofLPS mediated IgP expression. Also shown in Figure 4A is that RSDPLA by 

itself does not induct: lgP expression on 70113 over the concentration range tested, i.e .. 0.1 to 30 Tg/ml. Figure 4B 

illuslrates that preincubation of 70ZJ3 in medium containing 10 Tg/ml RSDPLA not only inhibits nBo-LAIT 

induction oflgP expression, but does so with far greater efficacy than when using LPS as stimulus, resulting in at 
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least a .1 O-fold inhibition of nBo-LAIT mediated indliction over the entire conc:eiitraticm ·mge of nBo-LAIT tested. 

Illustrated m Figure 4C is that while RSDPLA inhibits both LPS and nB~LAIT/sCDl 4 induction of migP 

expression by 70lJ3, it does not inhibit the growth of 70lJ3 at any of the concentrations tested. i.e. 0.03 Tg/ml to 

lOTglml. 

RSDPLA mediated inhibition ofLPS mediated actiwti~ is isologous in that the fonner is 

deri\"ed from LPS, and inhibition by RSDPLA is thought to be due to competitive binding to physiological lipid A 

receptorts) expressed by 70lJ3. The ability of RSDPLA to inhibit LAIT/sCD 14 mediated activation could indicate 

that LAIT/sCD 14 and LPS share common receptor elements, and/or it could be due to RSDPLA interacting with 

the pm'iously characlerized LPS interaction s~quence on CD14, residues 57-64 (Juan, T.S.-C. et. al. 1995. J. Biol. 

Chem. 270:5219). which in tum might inhibit LAIT/sCD14 activity in these assays, notwithstanding the LPS 

independence of LAIT!sCDi 4 function. 

The possibility·that RSDPLA inhibits LAIT-protein/sCD l 4 function by directly binding LAIT­

protein/sCDl 4 was assessed as iUUstrated in Figure S. Figure SA shows a schematic ofLAIT-protein/sCD14 and 

highlights the two regions of the moleeule that characterize the binding: sites ofmAbs 3CJO and :MEM-18. MEM-

18 has been shown to block the binding ofCDl4 with LPS, and hence residues 57-65 are indicated as the LPS 

binding site on CDl 4. Figure SB illustrates the two potential mechanisms that could underlie RSDPLA mediated 

inhibition of LAIT-protein/sCD 14 function. Either RSDPLA interacts directly with putative receptor elements 

shared ~· LPS and LAIT-protein/sCD 14, or it may interact directly bind LAIT-proteinlsCDl 4. If the latter were the 
case. then blocking the interaction ofRSDPLA with LAIT-protein/sCD 14 using mAb MEM-18 (Figure SB) should 

interfere with RSDPLA inhibition ofLAIT-protein/sCD14 function. As shown in Figure SC pre-incubation of 

native human LAIT-protein/sCDl 4 with mAb MEM-18 did not alter the capacity ofRSI;>PLA to inhibit LAIT­

protein induction ofmlgP expression by 70lJ3. 

It has been demonstrated here that mAb 3CIO, but not mAb MEM-18 inhibits the function of 

LAIT/sCDl 4 on both mature murine B cells (Figure I A) and on the murine pre~B cell line 70lJ3 (Figures 3A and 

3B). As previously described, mAb 3C 10 recognizes a sequence on Cot 4, residues 7 to 14, which is essential for 

LPS mediated signalling, but not LPS binding (Juan. T.S.-C. et. al. 1995. J. Biol. Chem. 270: 17237). Since mAb 

3Cl0 inhibits LPS independent LAIT/sCDl4 signalling, it suggests that residues 710 l4 on LAIT/sCD14 are 

involved in the interaction of this ligand with putative membrane receptor(s) structures. Further, it has been 

demonstrated that mAb MEM-18. that is specific for the sequence on CD 14 involved in LPS binding, and is able to 

block LPS-CD14 interaction, has no affect on RSDPLA mediated inhibition ofLAIT-protein/sCD14 acti\'ation. 

Thus, although not definitively shown, the interpretation that RSDPLA blocks LAIT/sCDl 4 signalling as a 

consequence of competitively competing for common receptor elements. is favoured. 

LAIT/sCD14 is Enriched in Human Colostrum and Milk 

Gi\'en t.'1e possible importance of the role of soluble Hu-LAIT to newbQm infants. the pattern of 

expression ofHu-LAIT in human females after giving birth was examined. Colostrwn and milk samples were 

obtained from nine human subjects at various times post-partum. As it is ·known that serum ~ healthy human 

subjects contains between 1-5 Tg/ml sCD14. serum samples from the aforementioned nine subjects were taken to 

determine whether contained sCD 14 concentrations paralleled those observed in mammary secretions. CD 14 was 

quantified using a conunercially aVailable ELISA kit, and total protein was determined using a commercially 

available colorimet.ric detection system. Results shown in Figure 6A are presented as Tg ofCD14/m[! total protein 
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for each of the paired milk and serum samples o~tained. As illusuated, human milk contains between l 00-400-fold 

more sCDl 4 lhan does serum from the same individual. ·Also shown is that the.enriclunent of sCD 14 in milk 

versus serum persists up to 400 days pos1-panum. 

Heat LabUity of Affinity-purified nBo-LAIT 

Care must be taken to avoid conditions which diminish the desired activity of CD 14 or variant 

polypeptide of interest. Figure 6B shows the effect ofboiling affinity purified nBo-LAlT at 99°C for 10 minutes. 

The large reduction in thymidine uptake by B cells indicates a dramatic reduction. if not total desuuction of B cell 

stimulatory activity. 

Partial Purification ofBioactive Bovine LAlT-Protein/sCD14 from Milk; Colostrum- and Milk-Derived 

Bo,·ine LAIT-protein/sCD14 have Comparable Biological Activity 

It \\"llS previously unknown that soluble CD 14 is present in the milk of cows. In the context of 

this im:ention, the ter.n ·•mammary secretion" includes colostrwn and milk. "Colosrrum" is a ma11unary secretion 

that begins at the time of binh of an offspring and continues for a relatively fixed period of time not usually greater 

than :4 hours. "Milk" is t.'1e mammary secretion which follows colosuum. A person skilled in the an can readily 

distinguish between tile colostrum and milk. ColostrLllII is generally obtained during the first few hours post 

panum and prior to iniLiation of suckling. In experiments described herein, and PCT/CA 97100880 in which 

bovine colosirwn was used as a source ofbo-LAIT, the colostnun was obtained within one hour postpartum and 

prior to suckling. 

The method previously used to isolate LAlT from bovine colostrwn (PCT/CA 97/00880) was 

used here to obtain bo-LAIT from milk. Whole, unpasteurized cow milk was obtained from a research farm. The 

milk was detennined to be sterile by assessing growth in liquid broth and on blood auger plates. Only asceptic 

material V.'8S used in the experiments described herein. 

Clarified milk whey was prepa1:ed by centrifugation of colostrum first at 4420g for 30 minutes to 

remo\'e cells and cellular debris. The supernatant of this spin was then centrifuged at 250,000g for two hours. The 

floating lipids and the pelleted casein were discarded. and the clarified colostral whey was subjected to funher 

fracuonauon. 

Salting out of proteins contained \\ithin the milk whey preparations was accomplished using 

sequential precipitation in (NH.)2SO. by addition of a saturated solution of anunoniwn sulphate. The sequence of 

increasing salt concentrations employed was 42%: 50%: 62%: 65% (v/v) ammonium sulphate (AS). Thus, the 

concentration of AS in the supernatant of the material precipitated at 42% was increased to SO%; the material 

precipitated at 50% rC3cued, and the concentration of AS in the remaining supernatant increased to 62%, and so on. 

Each AS precipitated pellet was solubilized in 1 OmM Tris-HCL pH 8.0, containing 0. ISM NaCl and I mM AEBSF 

(TNAEBSF). These fractions were desalted and buffer exchang.ed lo TNAEBSF using 1000 columns. and assayed 

for bioacti\iity. 

The sequential Salting out of proteins from clarified bovine milk whey using CNH..nSO• resulted 

in the enrichment of native bovine LAIT-proteinlsCDI 4 in the 62% CNH4)2SO. fraction (compare Figures 7 A and 

7B). The protein concentrations in the 62% (NH4)iSO.fractions deri\'ed from bovine milk whey and colostral whey 

are 8-15 mg/ml and 47-65 mg/ml, respectively. The concentrations ofLAIT-protein/sCD14 in 62% ~~)2804 

fractions derived from milk and colostrum are 1-5 Tg/ml and S-12 Tglml, respectively. Thus, LAIT-protein/sCDl4 

yields from these r.vo sources is comparable at 0.15-.0.26 Tg/mg protein. 
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Activity of the 62% tiacti0n wa8 subSequently enriched~ Fifty nlilligrmns of the 62% AS 

enriched fiaction was applied to an anion exchange coiwnn, and the material separated using a salt gradient of 

50m.\1to400mM NaCl in lOmM Bis-tris propane. with a simultaneous pH gradient of7.5 to 9.5. Shown in Figure 

7C is a comparative analysis of partially purified fractions of milk-derived bovine LAIT-protein/sCDl 4 with that of 

affinity purified materi&l fonn the same source to induce the expression of mlgP in 70113. As illustrated, the 62% 

(NH. >:S04 fiaction had a specific activity roughly I 0.000-fold lower than the affinity purified milk-derived LAIT­

protein/sCD 14. Also shown in Figure 7C \s the biological activity of the fractions containing the majority of LAIT-. 

protein/sCDI 4 (assessed by immunoblot analysis) obtained upon further fractionation of the 62% {N}t)zSO. 

fraction on a Sephadex 75 molecular sieving resin. The specific activity of fractions 4i-49 were JOO-fold higher 

than that of the 62% (N}t)2SO• fraction, and correlated with a comparable increase in LAIT-protein/sCDt 4 

concentration. 

Shown in Figure 7D i_s a comparative analysis ofmilk-ar.d colostrum-derived bo\ine LAIT­

protein/sCDl 4 mediated induction ofB cell growth. As illustrated, the specific activity of milk-derived material 
was as high as that of colostrum-derived material. The insert in Figure 70 illusuates an immunoblot of affinity 

purified milk- and colostrum-derived LAIT-protein/sCD14. 

It has thus been shown that LAIT-protein/sCD 14 occurs naturally in bovine milk and it is 

possible to concentrate and to isolate the milk protein with retention ofB-cell activation activity. 

LAIT/sCD14 Induces TAP Specific mRNA in Primary Bovine Tracheal Epithelial Cells 

The possibility that LPS and LAIT/sCDl4 share common receptor elements, as described above, 

leads to the possibility that they may have cOmfficn biological activities. The possibility that LAIT/sCD14 might 

have a role in the induction of defensins was explored. Specific defensin molecules have been desCribed recently in 

!he bovines {Diamond, G. J.P. Russell, and C. L. Bevins. 1996. PNAS 93:5156; Schonwetter, B. S .. Stolzenberg. 

E. D. and M. A Zasloff. 1995. Science 267: 1645). Oligonucleotide probes for bo\'ine TAP were lhus prepared for 

assessing the relative capacities of LPS and LAIT/sCDl 4 to induce message for this antibiotic peptide in an in vitro 

setting. 

Figure 8A shows the sequence of the oligonucleotide probes used lo detect bovine tracheal 

antimicrobial peptide (TAP) in primary bovine tracheal epithelial cells. TAP is a 38 amino acid polypeptide and its 

expression appears to be restricted to columnar epithelial cells of the bovine respiratory tract (Diamond. G. et.al. 

1996. Proc. Natl. Acad. Sci. USA 93:5156). 

Primary bovine tracheal epithelial cells were prepared according to previously described 

methods (Diamond, G. et.al. 1996.Proc. Natl. Acad. Sci. USA 93:5156). Wells containing approximately 5 x 105 

epithelial cells in I ml of serum free medium per well of a 24 well culture plate were prepared and stimulated for 16 

hours with the indicated concentrations (Figure 9A) ofLPS, native fonns ofhwnan and bovine LAIT­

protein/sCD14, or recombinant fonns Bo-LAIT/sCD14 prepared using either a mammalian expression system 

(Cl 27) or a baculovirus expression system (Sf9). Bovine LAIT obtained from milk~ used in the experiments. 

As illustrated in Figure 9A, 1 Tg/ml of either native or recombinant LAIT/sCDI 4, induced comparable levels of 

TAP specific mRNA as did l Tg/ml ofLPS, and resi,tlted in a i5-20-fold increase in the signal obsen'ed in non­

stimulated cells. Also shown in Figure 9A are the signals obtained for bovine tubulin specific mRNA. which 

indicate that comparable amounts of RNA were loaded in each lrack, and which were used to normalize the TAP 

mRNA signals. 
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Shown in Figure 9B is a comparative analysis of the lcineucs with which I Tglml of either LPS 

ornati\-e bovine LAIT-protein/sCD14 induce TAP mRNA in cultures ofprimmy bovine tracheal epithelial cells. 

Epithelial cells were cultures as described in Figure 9A and the expression ofT AP specific mRNA was assessed at 

the indicated time points. As illustrated. both stimuli induced peak expression o!TAP mRNA. nonnalized to the 

level of tubulin mRNA (Figure 9B), at 16 hours. 

The present invention thus provides a method of preparing a CDI 4 concentrate from a mammary 

secretion. The secretion can be colostrum or milk or both. The secretion =an be from a cow or human, or other 

species. For industrial processes, the production of a concentrate of endogenous bovine CD 14, as it occurs 

naturally in cow milk, appears promising. It may be preferable under certain circ:wnstances, to genetically modify 

an organism to produce CD14. This is described below. 

As it is possible to diminish or destroy beneficial qualities (defensin induction acth.ity; and/or B 

cell stimulation activity) ofCDl 4 by heat treatment of milk, it may be necessary or desirable to obtain the CDl 4 

without such prior treaunent of milk. One way in which CD 14 can be "concentrated" is by the salting out 

procedure described abo\•e. However, this is not the only method available to a person skilled in the an. For 

exampie. ion exchange chromatography, molecular sieving chromatography can be used. The methods described 

herein could be improved and optimized for conunercial production of CD 14 concentrates or isolates. Additionally, 

other components of milk or colostrum, that may be found to be widesirable, can be removed according to 

procedures known to a person skilled in the art. Examples of such procedures are described herein, in which milk 

is subject to centrifugation and floating lipids temoved and the protein-containing liquid (whey) decanted from the 

casein pellet formed during centrifugation. 

"Isolated" CD14 is a CD14 protein that is identified and separated from at least one contaminant 

with which it is ordinarily associated in nature, such as from the animal or hwnan source of the CD14. In preferred 

embodiments in which the CD 14 is intended for use as a medicament, the CD 14 will be isolated to 

phannaceutically acceptable levels of purity with respect to proteins of its species of origin. In preferred 

embodiments, CDl4 protein will be purified (1) to greater than 95% by weight of protein as detennined by the 

Lowry method. and most preterably more than 99% by weight. These are prefened degrees of isolation. 

A CDJ..i .. concenlrate" is u CDl4 protein obtained from a natural source which has been tteated 

so as to be present in the concenttate in a greater concentration than that at which it is obtained in the natural 

source. 

By •·sotut>le" CDl4, is meant a CD14 molecule that is not membrane bound, as by a glycosyl­

phospha-tidyl-inositol anchor. 

As far as trealments are concerned. it is imponant that the desired CDl4 aclh·ity be retained in 

the concenuated CDl 4. Thus, in producing CD14 for use in activating B cells. a solution containing CDl 4 would 

not be heated above 990COfor 10 minutes. for example, as these conditions are kno~n to severely reduce this type 

ofCD14 activity. See Fii;ure 6B in which it is demonstrated that the activity of affinity purified n-bo-LAIT is 

essentially destroyed wider these conditions. 

Using the techniques described herein, a skilled person can readily detennine conditions that are 

hannful to a desired activity or that are relatively benign. Thus for example, the effect$ of various temperatures and 

times can be applied (e.g .• 400C, SOOC, 600C00700C, etc.), could be applied to solutions containing CD14 for 

various lengths of time (for example, l minute, 2 minutes ... .l 0 minutes) and the effect on B cell stimulatocy 

activity determined according to methods disclosed herein. Likewise. the effect of such conditions on defensin 
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induction in epithelial cells cc>uld ~ readily detenBmed uSing a similar dieme. The' effects of other conditions, 

say salt effects. or odier cheiiticals that might be used in the treatment of milk could. also be readily determined. 

Care would then be taken lO avoid expostire of CDl 4 to condition$ foUnd to be adverse to its desirable activities. 

As COi 4 is eonc:enuated.· the amount or eoncentratiOn of cDl 4 can be determined according to 

routine methods. A popular assay is the chemiluminescence-basiid ELISA assay. For detection ofbuman CD14, 

commercially available kits can be lltHlzed. (IBL, Hamburg. (Jennany) 

for de1:ecti0n of bOVine CD 14, or any other species, an ELISA as.qy can readily be developed by 

a skilled person, an example of which assay follows. A recombinant CDI 4 is prepared, as described in PCT 

application No. PCT/CA 97/00880. The recombinarit matenal Is used to generate a standard curve. Polyclonal 

antibodies are generated in a rabbit against the recombinant molecule ind IgG fractions isolated. The IGg is then 

immobilized on an ELISA plate arid washed to remo\.C the ~ (non-bOund) immunoglobulin. This is followed 

by addition of BSA (bovine serum albumin) to "'block'' unreaeled sites o~ the ELISA plate. The recombinant 

protein is titered in over a broad range of con~ttations, e.g., from 100 µg to l ng per ml in 10-fold increments. 

The piate is washed. Antibody is labelled by conjugation to Bil enzy1ile, for example, horse radish peroxidase, and 

Ibis is exposed to the titered plates, incubated. and excess aiiiibo.dy is washCd off. ·The bound outer antibody is 

revealed through the addition of enzyme substrate and develoPed and read on an ELISA plate reader. 

A linear portion of the cwve (absorban~ vs prOtem concentration) is used as the standard as 

this is generally found lO be a suitably sen!itive range. The amount of bound antibody (as indicated through optical 
. . 

density) corresponds toa known concentration ofthe p00tein. To deterinirie the concentration of protein in an 

unkno\.\n sample. serially diluted samples of the unknown are added to a =w plate to the point where a suitable 

absorbance (one that falls within the iange of standard cwve) is foUnd and the amount of protein present in the 

original unknown sample calculatcd. 

Such an assay can be routinely developed for CD 14 of any species for which a polyclonal can be 

obtained. 

When an antibody is said to be "specific for" a polypeptide having a particulBr amino acid 

sequence (or other antigen), it is meant. as would be understood by a skilled person, that the antibody and 

polypeptide will bind with each other in a highly selective manner and the polypeptide \\ill not bind \\ith the 

multitude of other antibodies which may be evoked by other antigens. In ·'NCh case, it can be equivalently stated 

that the polypeptide is "specifically recognized by" the antibody. 

Once the concentration of a given: CD 14 concentrate is detennined, provided it is free of other 

undesirable components, it i;; then useful for incmporation into medicaments, food products, etc. in desired 

quantities. Thus. for example, 0.1 (S)g ofa concentrate containing 100 T8fg ofCD14 would be incorporated into a 

food bar which is to contain 10 (500) Tg ofCD14. 

It may be desirable to convert a liquid c<>ncentrate into a solid fonn, for example, by subjecting 

the liquid to evaporation, lyophylization, or other teehnique. 

It may at times be desirable to include one or more preservatives to maintain the activity of the 

CD14, if it is to be included in a liquid, such as infant fonnula, for examJ>le. 

There are surprisingly simple, yet powert~.u aSJ>CCts of the present invention. For example, one 
. . . 

aspect of the invention is a method for testing for the presence of CD 14 in a composition containing protein of a 

mammary secretion. Such a method, althou8h straightforward to apply, was not possible pri\lr to the knowledge 

that CDl 4 occurs naturally in mammary secretions, particularly bovine milk. Accordin! to the method, the 
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composition is exposed to an antibody which is specific for CDl 4 and it is deteimined ·whether CDl 4 endogenous 

to the secretion is present in the sample based on whether CD 14-antibody complex has fanned in the exposing step, 

using for example. an ELISA assay. 

The invention also provides a method for detennining the amount of endogenous COi 4 

contained in a composition containing protein of a mammary secretion, particularly. bovine milk. The composition 

is pro~ided. The sample is exposed to an antibody which is specific for CD 14 and the amount of CD 14 endogenous 

to the secretion present in the sample based on the amount of CD 14-antibody complex fanned in the exposing step. 

Again, a suitable ELISA assay can be used. 

According to these methods, hwnan or bovine colostrum or milk can be used as the so\U'Ce of 

CD14. 

Jn another aspect, the invention is a method for determining the suitability of a product derived 

from a mammary s;:cretion for a desired use, e.g., for use in inducing or stimulating liefer.sin production tor B cell 

activation) in mammals. The method includes providing a sample of the product and detennining the am01Ult of 

CD 14 present in the sample. Knowing the amount of CD 14 in the sample, a skilled person can then incorporate an 

appropriate amount of the product into 11 composition for use, again according to the desired activity. for example, 

a use of hwnan soluble CDl 4 (recombinant) is described in United States Patent No. 5,804, 189 and detennining 

the amount of bovine CD14 that achieves comparable results would be within the capacity of a person skilled in the 

art. 

According to certain aspects of this invention, the protein having CD14-like acti\'ity, (e.g .• B 

cell stimulating activity. or defensin induction activity) can be naturally occurring, as in mammary secretions. or it 

can be manufactured according to chemical or recombinant techniques. A .. recombinant" protein or polypeptide is 

one produced by using molecular genetic techniques to express an isolated nucleic acid sequence, as would be 

understood by a person skilled in the art 

In this specification, homology is calculated by slalldard methods which involve aligning two 

sequences to be compared so that maximum matching occurs, and calculating the percentage of matches. In one 

preferred aspect,. the in\'ention is a method of ameliorating the symptoms of sepsis comprising administering to a 

mammal in need thereof an effective amount of a soluble protein so as to directly expose epithelial ceiis of the 

mammal to the protein, the protein having an amino acid sequence which is at least about 63% consen"ed in 

relation to the amino acid sequence identified as SEQ ID NO:S and having the 3.bility to induce expression of 

defens1ns in epithelial cells. In other words, the homolog)' of the sequence in question has at least about 63% 

homology with SEQ ID N0:5. 

Substantially equivalent substances to these include those wherein one or more of the residues 

of the native sequence is deleted, substituted for, or inserted by a different amino acid or acids. 

It is possible to vary the polypeptide sequences described herein while retaining at least a 

portion of desired activity. Preferred variations include substitutions which are COIJSeIVative. i.e., ones wherein a 

residue is replaced by another of the same general type. As is well understood, naturally occurring ammo acids can 

be subclassified as acidic, basic. neutral and polar, or neutral and nonpolar. It will of course be understood, without 

the intention of being limited thereby, that a variety of substitutions of amino acids is possible while "preseiving" 

the structure responsible for the bone stimulatory effect of the polypeptides disclosed hi:rein. It is thus expected, for 

example. that interchange among non-polar aliphatic neutral amino acids, glycine, alanine, proline, \'Bline and 

isoleucine, would be possible. Likewise, substitutions among the polar aliphatic neutral amino acids. serine. 
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threonine, IlleUJionine, .cy~~ asparagine. and glutamine could possibly be made; Substitutions among the 

charged acidic amino acids. aspanic acid and glutamic acid; could probably be made, as could substitutions among 

the charged basic amino acids. lysine and arginine. Substitutions among the aromatic ammo acids. including 

J>henyalanine. histidint; tryptophan .and tyrosine would also likely be possible. These sorts of substitutions and 

interchanges ~ well known to those skilled in the art. Other.substitutions might well be possible. These sorts of 

substitutions and interr.hangcs are we.ll known to those s.lcilled in the art. as exemplified by United States Patent No. 

5,487 ,98j. G~dance in detennining which amino acid ~dues may be substituted, inserted, or deleted without 

abolishing biological or immunological activity may be found using computer programs well known in the art. for 

example. DNASTAR software. 

"Sequence identity or homology" thus refers to the sequence similarity between twO polypeptide 

molecules or between two nu~leic acid molecules. When a position in both of the two compared polypeptide 

sequences, for exampi~. is occupied by the same amino acid (for example, if a position in each of two polypeptide 
molecules is an alanine residue, then the molecules are homologous or sequences are identical at that position. The 

percent oi homology between. two molecules or sequence identity between two sequences is a function of the 

nwnber oi such matching positions shared by the two sequences divided by the number oi positions compared x 

100. For example, if6of10, of the positions in two sequences are the same then the two sequences are 60% 

homologous or have 60% sequence identity. By way of example, the polypeptide ilequences ME1LIA and 

:MPTWIF share 50% homology or sequence identity. Generally, a comparison is made when two sequences are 
aligned .to give maximum homology. 

The comparison of sequences and determination ofpen:ent homology between two sequences 

can be accomplished using a mathematical algorithm. In this specification, the alignment can be perfonned 

according to the Clustal method. 

The Clustal algorithm (as applied here using software available from DNASTAR Inc .• 1228 

South Park Street. Madison. Wisconsin. USA, 1994) is recommended for aligning sequences whose similarity 

might not n~sarily be evolutionary. The algorithm is described by Higgins. D.G. et al. 1989. CAB/OS 5:151. 
The same software piogmmme provides for aljgning sequences according to the Jotun Hein method, which is 

recommended for alignmg sequences of highly eyulved families that have clear evoluunnary relationship. The 

algorithm is described by Hein, J. 1990. Methods in Enzymology 183:626. Programme default settings lStandard 

parameters) are used. In the case of weighting ammo acid residues ba.c;ed on evolutionary substitution patterns, 

charge. structural .and chemical simil:11"ity, a percent acceptable mutation (PAM) setting of 250 is selected. For 

protein alignments, the painvise alignment parameters are K-luple = 1, Gap penalty =3. Window =5, and Diagonals 

Saved =5 are used. 

In one preferred aspect , the present invention is a method of a.'lleliorating the symptoms of 

sepsis comprising administering to a mammal in need thereof an effective amount of a soluble protein so as to 

directly expose epithelial cells of the mammal to the protein. the protein having an amino acid sequence which is at 

least about 63% conserved in relation to the amino acid sequence identified as SEQ ID NO:S and having the ability 

to induce expression of defensins in epithelial cells. In other words, the homology of the sequence in question has 

at least about 63% homology with SEQ ID NO:S. 

Thus the present invention also provides compositions containing an effective amount of 

compounds of the present invention, including the nontoxic addition salts, amides and esters thereof, which may, 
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alone, serve to provide the treaunent benefits described above. · Such compositions cari also be provided together 

''"ith physiologically tolerable liquid, gel or solid diluents. adjuvants and excipients. 

In situations involving CD14 proteins, about 250 to 300 Tg of polypeptide per kg of 

bodyweight of mammal can be fed, as an example. to a mammal per day based on an a\'erage daily conswnption of 

between about 18 and 36 mls of fluid per day of fluid. It will be appreciated that consumption the by very young 

mammals increases over time. The dosage to be administered is based on the measured sCD 14 concentration in 

adult breast milk of 10 to 20 Tg per ml, considering that a human infant increases its milk intake from about 0.1 1 to 

about 1 l per day over the first six months after binh and.assuming a weight ratio of about 28 between human and 

rat. Jn practice, panicularly as hwnan subjects are concerned, the daily dosage may well be from about 250 Tg to 

about 2SOO Tg or more per kg of bodyweight per day. More preferably, the dosage would be in the neighborhood 

of from about 300 Tg to about I mg per kg of bodyweight per day. It may be that the preferred frequency of 

administration would ue greater or less than once per day, depending upon the route of administration, 

convenience, and the varia\i.m of effectiveness of treatment with frequency of and amount used per administration. 

The dosage administered also depends on the su~iect and to which effect such administration is to gi,-e. The 

dosage oi any one or more of the compounds will depend on many facton including the specific compound or 

combination of compounds being utilized. the mode of administration, and the mammal being treated. Dosages of a 

particular compound or combination of compounds can be detennined using conventional considerations: for 

example, by customary comparison of the differential activities of the subject compounds and that of a known agent, 

that is, by means of an appropriate pharmacological protocol. 

Phannaceutical preparations include any of the compounds prepared as an injectable solution, 

including an injectable solution prepared just prior to use. An injectable can be either a liquid solution or 

suspension: solid fonns suitable for solution in. or suspension in, liquid prior to injection may also be prepared. 

The preparation may also be emulsified. The active protein is often mixed with diluents and excipients which are 

physiologically tolerable and compatible with the polYPeptide. Suitable diluents and excipients are, for example, 

water. saline, dextrose, glycerol, or the like. and combinations thereof. In addition, if desi1ed, the compositions can 

contain minor amount!! of auxiliary substances such as wetting or emulsifying agents. stabilizing or pH bufferin11-

agents. and the like. 

Pharmaceutical preparations include the employment of the compounds in admixture with 

conventional excipie11ts; that is, pharmaceutically acceptable organic or inorganic earner substances which do not 

deleteriously react v.ith the compounds. and which possibly enhance the storage and handling stability of the 

compounds. The preparative procedure may include the sterilization of the pharmaceutical pr.,Parations. The 

compounds may be mixed with auxiliary agents such as lubricants, preserwtives, stabilizers, salts for influencing 

osmotic pressure, etc., which do not react deleteriously with the compounds. 

The compositions are conventionally administered parenterally, by injection. for example either 

subcutaneously or intra\'enously. Additional formulations which are suitable for other modes of administration 

include suppositories, intranasal aerosols, and, in some cases, oral formulations. For suppositories, traditional 

binders and excipients may include, for example, polyalkylene glycols or triglycerides: such suppositories may be 

funned from mixtures containing the active ingredient in the range of 0.5% to I 0%, preierably I o/o-2%. Oral 

fonnulations include such nonnally employed excipients as, for example, phannaceutical grades of mannitol, 

lactose, starch, magnesium stearate, sodiwn saccharin, cellulose, magnesium carbonate. and the like. These 

compositions take the form of solutions. suspensions. tablets, pills capsules, sustained release fonnulations, or 
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poWders, and contain l IJ% - 95% of active ingredient.; preferably 25% - 70%. 'Oral fomiulations cm include 

formulations designed to protect the protein until it reaches the site of intended action, as appropriate. 

The protein compounds may be fonnulated into the c0mpositi0ns as neutral or salt forms. 

Phannaceutically acceptable non-10xic salts include the acid addition salts (Conned with the free amino groups) and 

which are fonned with inorganic acids such as, for example, hYdrochloric or phosphoric acids, or such organic 

acids as acetic, oxalic. tartaric, mandelic, and the like. Salts formed with the free carboxyl groups may be derived 

from inorganic bases such as. for ex:unple, sodium, potassium, ammonium, calcium, or ferric hydroxides, and such 

organic bases as isopropylamine, trimethylamine, 2-ethylamino ethanol, histidine, procaine, and the like. 

Tuel compowids of the invention can be hornopolymerized to themsel\'es. The compowids can 

also be conjugated·to biocompatible polymeric compowids, such as BIOPOL™ (WR Grace&. Co .. -Conn.). 

Methods known in the art for. making formulations can be found in, for example, "Remington's 

Phannaceutical Sciences." 

In the case of a general health promoting regimen, a preferred route of administration would 

likely be oral. CD14 being present in a liquid such that the GI tract is exposed to the CDl4 upon swallowing of the 

liquid. It might even be contained in a chewy or malleable substance which protec-ts the CD 14 from degradation 

but which readily releases the CD14 upon ~tication; for subsquent exposure thereof to the GI tract. 

Thi: compositions of the present invention may be topically applied to the wowid site in any 

suitable phannaceutically acceptable vehicle, for example, a liquid carrier such as propylene glycol ethanol, 

propylene glycol ethanol chlorofonn, and the like. A possible concentration of the active compound in these 

compositions is al least 0.01 % by weight, more likely from about 0.1 % tt' about 0.5% by weight and more likely 

still from about 0.05% to about 0.2% by weight, but any therapeutically effective concentration may be used. 

The compositions of the present invention may also be formulated in any number of other ways, 

depending on whether an aqueous solution. cream or ointment is desired and whether it would be used/and its site 

of use set as on the surface of the skin or in the eye. 

Composition11 formulated as a cream may contain a cream stabilizer such an xanthene gum, an 

emulsifier preferably a non-ionic emulsifier, at least one liquid and one solid hydrophobic material selected from 

the liquid and solid fatty acids. fatty alcohols, tatty acid esters, pharmaceutical grades of wa.xes and hydrocarbons. 

the latter ranging from liquids through semi-liquids such as petrolatum, to solids and L'1e likes, preservative, an 

antioxidant. and water. 

Melhods for promoting the healing of a wowid by reducmg infection to the skin include 

applying or contacting the compositions of the present invention that promote defensin production in epithelial cells 

directly to the wound. The composition is permitted tO remain in contact with the wound for a period of time 

sufficient to aid in reducing infection, for example. Such methods include incorporating compositions of the 

present invention illt\) a cream formulation or soaking a gauze dressing with a solution of the composition and then 

applying the cream or soaked gauze to a woWld site such B.'I a bum. donor site wound, ulcer or any type of 

cutaneous woWld. Additionally, sutures or staples may be coated or soaked with a composition of the invention 

and used to close an open wound. 

The type of wounds that may be treated using the composition of the present invention include 

those which result from any medical or accidental injury which ca.uses epithelial damage such asophthalmic 

wounds, such as those which result from corneal ulcers. cutaneous wowids, such as bum wounds. donor site 

wounds from skin transplants and ulcers. Additionally, dermatological conditions in which the skin has been 
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damaged may be tteated with the compositions of _the present invention. Leg and foot ulcers may also be treated 

with compositions of the present invention. 

Administration of compositions of the present invention through the use of an aerosol would be 

particularly suitable for exposing the trachea and even the lungs to CD14. 

In any event, the advantage of exposing bacteria (or viruses, fungi, etc.) to one or more defensins 

during ingestion or inhalation, etc. would be generally understood. This would be especially true in lhe case of 

subjects not necess:i.rily capable of mounting a full or nonnal immune response .. In the case of gram-negative 

bacteria. from which can be generated LPS, the presence of one or more defensins in the GI tract or trachea might 

be especially advantageous to those thought to be at high risk for septic shock. 

Jn another aspect, the present invention includes a transgenic mammal, which has ~ 

geneticall~; altered to pl'ovide for enhanced CD i 4 production in its milk. Tnougb technology for producing 

transgenic mice has been used for two decades, the feasibility of introducing foreign genes into the genome of 

cattle, including goats, sheep, cows and pigs has only recently been demonstrated. Although more difficult 

technically, the introduction of clmed genes encoding molecules oi phannaceutical importance into li\'estock 

pro\"ides the advantage oibeing able to significantly scale-up the production ofrecombinant proteins. This in tum 

W<>uld dramatically lower production costs. In this way, the transgenic livestock can be considered as 'bioreactors', 

producing pharmaceutically useful proteins in the milk, blood, or urine. 

Over the past few years the expression of proteins in blood and tissue has significantly expanded 

the potential application of transgenic animals in medicine. For example, the creation of "stealth animal organs" for · 

use in hwnan transplantation has recently :received much attention. Importantly, significant progress has been made 

in the ability to express transgenic proteins in milk. Studies carried out so far have focused on directing expression 

of proteins to the mam..-ruuy gland and imprcn.ing their production level. 

The tec..1u1ique for the production of transgenic animals follows well established principles 

(Marki, U. and Harri, A 1996. Int. J. Exp. Path. 77 :247). The gene of interest is combined with a promoter 

sequence that directs and regulates the expression of the gene in a tissue/cell specific fashion in the ttansgenic 

animal. The expression construct (DNA) is injected into pronuclei of fertilized ova, and the injected O\'ll are 

implanted into honnonally synchronized foster mothers. The animals resulting from this artificial insemination are 

controlled for the mtegration of the injected DNA consuuct. The offspring of the founder animals are tested for the 

expression of the gene, and its product, and the inheritance pattern of the gene to ensure genn line transmission, 

that is. that the transgene has been incorporated into the genn line of the animal. 

In a preferred aspect, the invention is a transgenic bovine mammal in which CD14 (or analog 

thereof which directly activates B cells. or which directly induces defensin production in "'P;tlielial cells) is 

introduced by recombinant DNA teclmology into the mammal so as to be under the control of the endogenous 

CD14 promoter. 

In anolher preferred aspect, lhe transgenic mammal is a bo"ine having a genome ha\ing 

introduced thereinto additional copies of the genomic sequence {exon and intron, i.e., SEQ ID NO:S) from which 

mRNA encoding endogenous bovine CD14 is derived. 

Soluble CD14 is a natural component of colostrum and milk in the three species tested so far: 

human, cow ~d mouse. Although the molecular basis underlying the appearance of soluble CD 14 in these 

secretions is not well understood, the role of the endogenous CD 14 promoter likely plays an important role in this 

regard. Therefore.. the use of the endogenous CDJ 4 promoter sequence is used to dri\'e the expression of 
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"tmns!_!enic" CDl4, as well a tiSsue specific promoter, which will Selectively activate the e>.."Pression of transgenic 

CD 14 within mammary tissues. 

The use of genomic, rather than cDNA sequences in the. preparation of transgenic animals bas 

been shown to result in a more etli~ient exprasion of the -ene (Janne, J. et. al. 1994. Int. J. B;ochem. . . 

26:859). Thus bovine and/or human genomic DNA encoding CD14 can be cloned in combination with the bovine 

CD 14 endogenous promoter seq~ces. Alternatively, the ovine S~lactoglobulin ~oter (Wright, G. el. al. 

1991.Biorechnology 9:830) which directs and regulates the g~ expression predominantly to the mammary gland. 

Vector carrying the gene construct c1u1 be added with efficient transcription tenninators as well as \\ith matrix 

attached regions and specialiZed chromatin sequences Which serve to enha,nce the expression of the ttansgene and 

to inSulate it from the down-regulating effect of the chromatin environment. This construct is injected into the 

pronucleus of an owm from the desired species. and implanted into a hormonally syncbronized recipient of that 

species. 
. . 

&ch of the citations referred to in this application are in~orated herein by reference, in its 

cnurety Also incor,>orated herein by reli:rence, are the complete specifications and claims of United States 

Prov1s10nal Patent Application No. 60/0S6,884. filed May 27, 1999, from which this application claims priority and 

cWTCntly pending (as of the filing date of this application) United States Patent Application Serial No. 08n46,883, 

filed November 18. 1996. 

Polypeptide and "protein sequences discussed herein are identified as follows: 

SEQ ID NO: I: Nucleic acid coding sequence for bovine CDl4. 

SEQ ID N0:2: Nucleic acid coding :Sequence for hmnan CDI 4. 

SEQ ID N0:3: Nucleic acid coding sequence for murine CD14. 

SEQ ID N0:4: Amino acid sequence for bovine CD14. 

SEQ ID NO:S: Aniino acid sequence for human CD14. 

SEQ ID N0:6: Amino acid sequence for murine CD 14. 

SEQ ID N0:7: Amino acid sequence for rabbit CD14. 

SEQ ID N0:8: Genomic nucleic acid sequence for bovine CD 14. 
. . .. 

In SEQ ID NO:S. buses I lo 83 are the 5. -untransia1ed region. 84 to 86 is the ATG stan codon. 

87 to 163 is an iritron, baies 164 to· 1282 is a coding sequence and bases 1283 to 1405 are the 3 '-untranslated 

region. 

The amino acid sequence for rabbit CDl 4 is previously known (Ilceda. A. et al. 1991. J. Vet. 

Med. Sci. 59:715). 

The homology between human and bovine was found to be 70.8%, between human and mouse 

was found to be 63 .4%. between human and rabbit was found to be 71.8% and between bovine and mouse was 

found to be 58. 7%. 
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CLAIMS 

1. A method of ameliorating the s~mptoms or sepsis comprising directly exposing epithelial cells of a 

mammal in need thereof to an effective amowit or a compound comprising soluble CDl 4, or a polypeptide fragment 

of the CD14 that stimulates expression ofa defensin in epithelial cells, or a conservatively substituted variant of 

said CDl 4 or the fragment that stimulates said expression. 

2. A method of enhancing txpression of defensins in a mammal in need thereof, by administering a 

compound comprising soluble CD14 or a polypeptide ponion ofCD14 that enhances said expression, or a 

consen-atively substituted variant of said CDI 4 or the portion that enhances said expression. 

3. The method of claim 2, wherein said administering step includes directly exposing epithelial cells of the 

mammal to said compound. 

4. A method of stimulating expression of one or more defensins by epithelial cells by administering thereto 

an effecuve amount ofa compound comprising soluble CD14 or a polypeptide fragment ofCD14 that stimulates 

said expression, or a conservatively substituted variant of said CDI 4 or the fragment that enhances said expression. 

5. A method of stimulating expression oi a defensin along the gastrointestinal tract of a manunal comprising 

exposing the tract to an effective amount of a compound comprising soluble CD 14 or a polypeptide fragment of 

CD 14 that stimulates said expression, or a conservatively substituted variant of said CD 14 or the fragment that 

stimulates said expression. 

6. A method of stimulating expression of a defensin along the respiratory tract of a mammal comprising 

exposing the tract to an effective amount of a compound comprising soluble CDl 4 or a polypeptide ponion of 

CDl 4 that stimulates said expression, or a conservatively substituted variant of said CDl 4 or the portion that 

stimulates said expression. 

7. A method of stimulating expres..~on of a defensin on the tongue of a mammal comprising exposing the 

tongue to an effective amount of a compound comprising soluble CD J 4 or a polypeptide fragment of the CDl 4 that 

stimulates said expression, or a conservatively substituted variant of said CDl 4 or the fragment that stimulates said 

expression. 

8. A method of stimulating. expression of a defensin m the small intestine of a manunal comprising exposing 

the intesune to an effecti\'e amount of a compound comprising soluble CD 14 or a polypeptide portion of CD 14 that 

stimulates said expression, or a conservatively substituted variant of said CD 14 or the portion that stimulates said 

expression. 

9. A method of inducing expression of defensins by epithelial cells of a mammal in need thereot: the method 

comprising administering an effective amount of a compound comprising soluble CD l 4 or a polypeptide fragment 

of the soluble CD 14 that induces said expression. or a conservatively substituted variant of said CD 14 or the 

fragment that induces said expression. 

10. The method of any preceding claim wherein the CD14 has an amino acid sequence selected irom the 

group consisting of SEQ ID N0:4, SEQ ID NO:S. SEQ ID N0:6 or SEQ ID N0:7. 

l l. The method of claim l 0, wherein the compound comprises an amino acid sequence selected from the 

group consisting of SEQ ID N0:4, SEQ ID NO:S, SEQ ID N0:6 or SEQ ID N0:7, or a conservatively substituted 

variant thereof. 

12. The method of claim 11, wherein the compound comprises an amino acid sequence selected from the 

group consisting of SEQ ID N0:4, SEQ ID NO:S. SEQ ID N0:6 or SEQ ID N0:7. 
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13. A method of ameliorating the symptoms ·or sepsis comprising administering to a manunal in need thereof 

an efiecti\'e amount of a soluble protein 'so as to directly expose epithelial cells of the mammal to the protein, the 

protein having an amino acid sequence which is at least aboui 63% conserved· in "'lation to the amino acid 

sequence identified as SEQ ID N0:5 and having the ability to induce ex~ion of defensins in epithelial cells. . ' . .. 

14. The method of claim I 3 wherein the protein has an amino acid sequence which is at least about 68% or 

about 71 o/o or about ?3% or about 78% or about 83% or about 88% or about 93% or about 98% conserved in 

relation to the amino acid sequence identified as SEQ ID NO:S. 

IS. A method ofprophylactically treating a lipopolysaccharide-induccd host inflammatory response in a 

manunai. which method comprises administering a therapeutically effective amounl of an effective amount of a 

protein to the mammal so as to directly expose epithelial cells of the mammal to the protein, the protein having an 

amino acid sequence which is at least about 63% conserved in relation to the amino acid sequence identified as 

SEQ ID N'0:4 or identified as SEQ ID N0:5 or identified as SEQ ID N0:6 and having the abilit)' to enhance 

expression of one or more defensins in bovine epithelial cells. 

16. The method of claim 15 wherein the protein has an amino acid sequence which is at least about 68% or 

abou\ 71 % or aboul 73% or about 78% or about 83% or about 88% or about 93% or about 98% conserved in 

relation to the amino acid sequence identified as SEQ ID NO:S. 

17. A method of enhancing expression of defensins in a mammal in need thereof, by administering an 

etrecti,·e amount of a soluble protein to the mammal, the protein having an amino acid sequence which is al least 

about 63% conserved in relation to the amino acid sequence identified as SEQ ID N0:4 or identified as SEQ ID 

NO:S or identified as SEQ ID N0:6 and having the ability enhance expression of defensins in mammalian epithelial 

cells. 

18. The method of claim 17 wherein the protein has an amino acid sequence which is at least about 68% or 

about 71 % or about 73% or about 78% or about 83% or about 88% or about 93% or about 98% conserved in 

relation to the amino acid sequence identified as SEQ ID NO:S. 

19. A method of stimulating expression of one or more defensins by epithelial cells by exposing the cells to an 

etTecti'-e amount of a soluble protein. the protein having an amino acid sequence which 1s at least about 63% 

consm-ed in relation to the amino acid sequence identified as SEQ JD N0:4 or identified as SEQ ID NO:S or 

identified as SEQ ID N0:6 and ha\.ing the ability to stimulate expression of one or more defensins in epithelial 

cellS. 

20. The method of claim 19 wherein the protein has an amino acid sequence which is at least about .68% or 

about 71 % or abOut 73% or about 78% or about 83% or about 88% or about 93% or about 98% conserved in 

relation to the amino acid sequence identified as SEQ ID NO:S. 

21. A method of stimulating expression of a defensin along the gastrointestinal tract of a mammal comprising 

exposing the tract to an effective amount of a soiuble protein, the protein having an amino acid sequence which is at 

least about 63% conserved in relation to the amino acid sequence identified as SEQ ID N0:4 or identified as SEQ 

ID N0:5 or identified as SEQ ID N0:6 and having the ability to stimulate expression of a defensin in bovine 

epithelial cells. 

22. The method of claim 21 wherein the protein has an amino acid sequence which is at least about 68% or 

aboul 71% or about 73% or about 78% or about 83% or.about 88% or about 93% or about 98% conserved in 
relation to the amino acid sequence identified as SEQ ID NO:S. 
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23. A method of stimulating expression of a defensin along the resj;ita{~ry ttaet of a mammal comprising 

. exposing the tract to an effective amount of a soluble protein, the protein having an amino acid sequence which is at 

least about 63% consm'ed in relation to the amino acid sequence identified as SEQ ID N0:4 or identified as SEQ 

ID NO:S or identified as SEQ ID N0:6 and having the ability to stimulate expression of a defensin in epithelial 

cells. 

24. 1:he method of claim 23 wherein the protein has an amino acid sequence which is at least about 68% or 

about 71 % or about 73% or about 78% or about 83% or about 88% or about 93% or about 98% conserved in 

relation to the amino acid sequence identified as SEQ ID NO:S. 

25. A method of stimulating expression ofa defensin on the tongue ofa mammal comprising exposing the 

tongue to an effective amount of a soluble protein, the protein having an amino acid sequence which is at least 

about 63% conservea in relation to the amino acid sequence identified as SEQ ID N0:4 or identified as SEQ ID 

N0:5 or identified as SEQ ID N0:6 and having the ability to stimulate expression of a defensin in epithelial cells. 

26. The method of claim 25 wherein the protein has an amino acid sequence which is at least about 68% or 

about 71 % or about 73% or about 78% or about 83% or about 88% or about 93% or about 98% consrn-ed in 

relation to the amino acid sequence identified as SEQ ID NO:S. 

27. A method of stimulating expression of a defensin in the small intestine of a mammal comprising exposing 

the intestine to an effective amount of a soluble protein, the protein having an amino acid sequence which is at least 

about 63% conserved in relation to the amino acid sequence identified as SEQ ID N0:4 or identified as SEQ ID 

NO:S or identified as SEQ ID N0:6 and having the ability to induce expression of a defensin in epithelial cells. 

28. The method of claim 27 wherein the protein has an amino acid sequence which is at least abotit 68% or 

about 71 % or about 73% or about 78% or about 83% or about 88% or about 93% or about 98% conserved in 

relation to the amino acid sequence identified as SEQ ID NO:S. 

29. A method of inducing expression of defensins by epithelial cells of a mammal in need thereof. the method 

comprising administering and effective amount of a protein, the protein having an amino acid sequence which is at 

least about 63% CO!lServed u1 relation to the amino acid sequence identified as SEQ ID N0:4 or identified as SEQ 

ID N0:5 or identified as SEQ ID N0:6 and having the ability to induce expression of defensins in epthelial cells. 

30. The method of claim 29 wherein the protein has an amino acid sequence which is at least about 68% or 

about 71 % or about 73% or about 78% or about 83% or about 88% or about 93% or ahout 98% conser\"ed in 

relation to the amino acid sequence identified as SEQ ID N0:5. 

31. The method of any of claims I to 14 wherein the CDI 4 or the polypeptide portion or the variant is 

recombinant. 

32. A method of preparing a CD14 concentrate. the method comprising: 

providing a stock solution containing protein of a mammary secretion; 

separating from the solution a concentrate comprising endogenous CD 14; and 

determining the concenlration of CD 14 in the concentrate. 

33. The method of claim 32, wherein the mammary secrection is milk. · 

34. The method of claim 33, wherein the mammmary secretion is whole milk or a protein-con~g portion 

of whole milk. 

35. The method of claim 32, wherein the stock solution comprises colostrum or a protein-containing portion 

of colostrum. 
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36. The method of any of claims 32 lo 35, wherein, if the secretion has been previously subjected to a 

treatment step, the treaunent step is sutliciently mild tO permit preser\'lltion of die CD 14 ·activity for inducing or 

stimulating defensin production and/or for stimulating B cells. 

37. The method of any of claims 32 to 36, wherein the mimmarY secretion is biWan. 

38. The method of any of claims 32 to 36, wherein the mammary secretion is bovine. 

39. The method of any of claims 32 to 38, wherein the solution is a liquid solution and the separating step 

includes salting out of proteins from the soiution. 

40. The method of any of claims 32 to 39, wherein detenniriing the concentration ofCD14 includes exposing 

a sample obtained from the concentrate to a first antibody specific for CDl 4 to fonn. an antibody-CDl 4 complex 

and subsequently exposing the complex to a second antibody specific for CD 14, whereu1 the second antibody 

includes a reporter molecule. 

41. The method oiany of claims 32 to 39, wherein detennining the cimcentration ofCD14 includes exposing 

a sample obtained from lhe concentrate to a first antibody specific tbr CDl 4 to fonn an·11r1tibody-CD 14 complex 

nnd subsequently exposing the complex to a second antibody specific for the first antibod~·. wherein the second 

antibody includes a reponer molecule. 

42. A method oi obtaining CDI 4, the methotl comprising: 

providing a stock solution containing protein of a IJUIJIUilary secretion; 

precipitating from the stock solution a protein fraction containing CD14: and 

isolating the protein fraction from the supernatant; 

43. The method of claim 42, wherein the precipitating step includes salting out a protein fraction containing 

CDl4. 

44. Th.e method of claim 43, wherein the precipitating step includes increasing the sali concentration of the 

solution to obtain an ioinic strength at least as high as would be obtained by combining a saturated aqueous 

solution of ammonium sulphate with a volume of a 5aid mammary secretion, the volume of the ammonil.im sulphate 

solution being equal to 65 percent of the total volume of the combined solutions . 

.is. The method of any ofclaims42 to 44, funher compiising the step ofdetermini11g the amount ofCD14 

obtained in the isolating step. 

46. The method of any of claims 42 to 45, wherein the mammary secretion is colostrum. 

47. The method of any of claims 42 to 45, wherein the mammary secretion is milk. 

48. The method of :my of ~laims 42 lo 47, wherein the secretion is bovine. 

49. The method of any of claims 42 to 47, wherien the secretion 1s human. 

SO. A method of obtaining CDl4, the method comprising: 

prO\idmg a stock solution comprising protein ofa mainmary secretion; 

isolating from the solution a fraction containing proteins that are insoluble in the ~· 

secretion upon combining a saturated aqueous solution of ammonium sulphate with a 

volume of a said mammary secretion, the volume of the ammonium sulphate solution 

being equal to 65 percent of the total volume of the combined solutions. 

51. The method of claim SO, further comprising the step of detennining the amount of CD 14 obtained in the 

isolating step. 

52. The method of claim 50 or 51. wherein the mammary secretion is coloi."lnlm. 

53. The method of claim 50 or 51. wherein the mammary secretion is milk. 
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55. The method of any of claims 50 lo. 53. wherein the secretion is human. 

56. A method for testing for the presence of CDI 4 in a composition containing protein of a mammary 

secretion, the method comprising the steps of: 

exposing the composition to an antibody which is specific for CD14~ and 

detennining whether CD14 endogenous to the secretion is present in the sample based on 

whether CD14-antibody complex has formed in the exposing step. 

57. The method of claim 56 wherein, if the secretion has been previously su~iected to a treaunent step, the 

treatment step is sufficiently mild to permit preservation of the CD 14 activity for inducing or stimulating defensin 

production and/or for stimulating B cells. 

58. The method of claim 56 or claim 57. comprising the further step of determining the concentration of 

CD! 4 in the sample. 

59. The method of any of claims 56 to 58, wherein the manunary secretion is coloslrum. 

60. The method of any of claims 56 to 58. wherein the mammary secretion is milk. · 

61. The method of any of claims 56 to 60. wherein the secretion is bovine. 

62. The method of any of claims 56 to 60, wherein the secretion is human. 

63. A method of preventing, ameliorating or treating the symptoms of sepsis in a manunal, comprising 

admirustering to the mammal an effective amount ofCD14 obtained from a mammalian mammary secretion. 

64. The method ofclaim63, wh~n the CD14 is obtained from bovine milk. 

65. The method of claim 63 or claim 64, wherein, if the secretion has been previously subjected to a treatment 

step. the treatment step is sufficiently mild lo permit preservation of CD 14 activity for inciucing or stimulating 

defensin production in epithelial cells. 

66. The melhod of claim 63, wherein the CD14 is contained ill a liquid. 

67. The method of claim 66, wherein the liquid comprises a fraction of the milk enriched in said CD14. 

68. The method of claim 63, wherein said CD14 is contained in an edible product. 

69. . The method of any of claims 63 to 68. wherein administering the CDl 4 includes exposing the 

gastrointestinal uai::t to CD14. 

70. The method of any of claims 63 to 69, including adminstering the CD14 to the mammal orally. 

71. A method for detennining the amount of endogenous CD 14 contained in a composition containing protein 

of a mammary secretion, the method comprising the steps of: 

providing the comp0sition~ 

exposing a sample of the composition to an antibody which is specific for CD14: and 

detc:nnining the amount CD14 endogenous lO the secretion present in the sample based on the 

amom1t ofCD14-antibody complex fonned in the exposing step. 

72. The method of claim 71 wherein the mammary secretion is colostrum. 

73. The method of claim 71 wherein the manunary secretion is milk. 

74. The method of any of claims 71lo73 wherein the secretion is bovine. 

75. The method ofany of claims 71 to 73. wherien the secretion is hwnan. 

76. A method for determining the suitability of a product derived from a mammary secretion for use in 

inducing or stimulating defensin production in mammals, the method comprising the steps of: 

providing a sample of the product: and 
~~~~~~~~~~~~ 
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detennining the amountofGD•4 presen~ in the sample. 

77. The method of claim 76, wherein. if the secretion has been previously. subjected to a treatment step, the 

treatment step is sufficiently mild to pennit preservation of the CD 14 activity· for.inducing or Stimulaung said 

defensin production 

78. The method of claim 76 or claim 77 wherein determining the amount of CDl 4 present in the sample 

includes exposing the sample to an antibody which is specific for CD 14, and ascertaining whether antibody-CD 14 

complex is ionned in the exposing step. 

79. A method for detennining the· suitability of a product derived from a malnmuy secretion for use in 

stimulating B cells in mammals, the method comprising the steps of: 

providing a sample of the product; and 

determining the amount of endogenous CDl4 present in the sample. 

80. The method of claim 79, wherein, if the secretion has been previously subjected to a treatment step, the 

treatment step is sufficiently mild to permit preseivation of the CD 14 activi~· for stimUlating B cells. 

8 I . The method of claim 79 or claim 80, wherein determining the amolint of CD 14 present in the sample 

includes exposing the sample to an a.'ltibod~· which is specific for CD 14, and ascertaining whether lllltii:lody-CDl 4 

complex is formed in the exposing step. 

· 82. The method of claim 79, 80 or 81, wherein the mammary secretion is colostrum. 

83. The method of claim 79, 80, or 81, wherein the llUllilllUU)r secretion is milk. 

84. The method of any of claims 79 to 83, wherein the secretion is bovine. 

85. The method of any of claims 79 to 83, wherien the secretion is human. 

86. The method of any of claims I to 12 wherein the compound is specifically recognized by an antibody 

which also specifically recognizes human CDl 4. 

87. The method of claim 86 wherein the antibody is rilAb 3C l 0 and/or a mAb that recognizes the same amino 

acid sequence as mAb 3Cl0. 

88. The method of any of claims 1to12, or 86, theCD14 is hwnan CD14. 

89. "The method of any of claims I to 12 or 86 to 88. including administering the compound orally. 

90. The method cf claim 89 wherein the compound is administered to an infant as a component oi infant 

formula. 

91. The method of any of claims I lo 12 or 86 to 87 including administering the compound in the form of an 

aerosol. 

92. The use of a CD 14 or a compound of claim I, in the preparation of a medicament for use in ameliorating 

the symptoms of sepsis. 

93. The use of a CD 14 or a compound of claim 2, in the preparation of a medicament for use in enhancing 

expression of defensins in a mammal. 

94. The use of a CD14 or a compound of claim 4, in the preparalion of a medicament for use in stimulating 

expression of one or more defensins by epithelial cells cells. 

95. The use ofa. CD14 or a compound of claim S, in the preparation ofa medicament for use in stimulating 

expression of a defensin along the gastrointestinal tract of a ma."llltlal. 

96. The use of a CD 14 or a compound of claim 6, in the preparation of a medicament for use m stimulating 

expression of a defem:ir. along the respiratory tract Gf a ~anilrial. 
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97. The use of a CD14 or a compound of claim 7. in the preparation ofa medicament for use in stimulating 

expression of a defensin on the tongue of a mammal. 

98. The use of a CDJ 4 or a compound of claim 8, in the preparation of a medicament for use in stimulating 

expression of a deli:nsin in the small intestine of a mammal. 

99. The use of a CDl 4 or a compound of claim 9. in the preparation of a medicament for use in inducing 

expression of defensins by epithelial cells of a mammal. 

Joo. The use of a protein of claim 13 or claim l 4, in the preparation of a medicament for use in ameliorating 

the s~mptoms of sepsis. 

Jo I . The use of a protein of claim l 5 or 16, in the preparation of a medicament for use in prophylactically 

treating a lipopolysaccharide-induced host inflammatory response in a ma.rnmal. 

J 02. The use of n protein of claim 17 or l 8. in the preparation of a medicament for use in enhancing expression 

oi derensins m a manunal. 

J 03. The use of 3 protein of claim 19 or 20, in the preparation of a medicament for use in stimulating 

expression of one or more defensins by epithelial cells. 

I 0-i. Tue use of a protein of claim 2: or 22, in the preparation of a medicament for use in stimulatmg 

expression of a defensin along the gastrointestinal tract of a manunal. 

I 05. The use of a protein of claim 23 or 24. in the preparation of a medicament for use in stimulating 

expression of a detensin along the respiratory tract of a manur.al. 

106. The use of a protein of claim 25 or 26, in the preparation of a medicamenl for use in stimulating 

. expression of a defensin on the tongue of a mammal. 

107. The use of a protein of claim 27 or 28, in the preparation of a medicament for use in stimulating 

expression of a defensin in the small intestine of a mammal. 

I 08. The use of a protein of claim 29 or 30, in the preparation of a medicament for use in inducing expression 

of defensins by epithelial cells of a mammal. 

l 09 The use of a concentrate obtained according to the method of any of claims 3 2 to 41, in the preparation of 

a medicament for use in directly activating B cells. 

· 110. The use of a concentrate obtained according to the method oi an~· of claims 32 to 41. in the preparation of 

a medicament for use in directly stimulating defensin production in a mammal, paniculariy for the stimulation of 

epithelial cells for said defensin production. 

111. The use of CDl 4 obtaaned according to the method of any of claims 42 to 55. in the preparation of a 

medicament for use in directly activiating B cells. 

112. The use ofCD14 obtained according to the method of any of claims 42 to 55. in theprepartion ofa 

medicament for use in directly stimulating defensin production in a mammal, particularly for the stimulation of 

epithelial cells for said defensin production. . 

I 13. A method of enhancing expression of defensins in a mammal in need thereat: comprising administering to 

a mammal in need thereof an effective amount of a recombinant polypeptide CDl 4 encoded by a non-natw'Blly 

occurring recombinant DNA molecule comprising a first DNA sequence selected from the group consisting of: 

(a) a cDNA sequence encoding CDI 4 according to SEQ ID N0:2: 

(b) a DNA sequence which specifically hybridizes to the nonooding slraild of (a) and which codes 

on expression for a polypeptide specifically recognized by an antibody which ali;o specifically recognizes hwnan 

CDI4~and 
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l c) a DNA sequence which encodes the same polypeptide as is encoded by a DNA sequence of (a) 

or lb"> above; 

wherein the polypepiide encoded by (b) or l c) enhances said expression. 

114. A method of stimulating expression of C>ne or more defensitis by epithelial cells cells comprising 

administering to a mammal in need thereof an effective amount ·or a recombimint polypeptide CDl 4 encoded by a 

non-naturally occurr.ng recombinRnt DNA molecule comprising a first DNA sequence selected from the group 

consisung of: 

(a) a cDNA sequence encoding CDl4 according to SEQ ID N0:2: 

(b) a DNA sequence which specifically hybridizes to the noncodmg suand of(a) and which codes 

on expression for a polypeptide specifically recogniZed by an antibody whieh also specifically recognizes human 

CD14: and 

(c) a DNA sequence which encodes the same polypeptide as is encoded by a DNA sequence of(a) 

or (b) above; 

wherein the polypeptic!e encoded by (b) or (c) stimulates said expression. 

115. The method of claim 113 or 114. wherein the polypeptide 1s specilically recognized by an antibody which 

also specifically recosmzes human CD14. 

116. The method of claim I IS wherein the antibody is mAb 3Cl0 and/or a mAb that recognizes the same 

amino acid sequence as mAb 3C10. 

117. The method of any of claims 113 to 116 including administering the polypeptide orally. 

118. The method of any of claims 113 to 116 wherein tlie polypeptide is administered to an infant as a 

component of infant formula. 

119. The method of any of claims 113 to 116 including administering the polypeptide in the fonn of an aerosol. 

120. The method of any of claims 113 to 116, wherein the polypeptide is contained in concentrated milk. 

121. The use of a polypeptide of claim 113, in the preparation of a medicament for lise in enhancing expression 

of defensins in a mammal. 

122. The use ofa poiypeptide of claim 114, m !he preparation oia medicament fur use in stimulating. 

expression of one or more defensms by epithelial cells. 

}23. The method of any of claims l to SS or I ! l to 118, wherein !he compound, polypeptide, protein, 

concentrate, or CD 14, as the case may be, is added as a supplement to a dietary source. 

124. The method of any of claims l to 4, 6, 7, 9 to 20; 23 to 26, or 29 or JO. including direct topical exposure 

of the epilheliwn of the trachea to the polypeptide or protein, as the case may be. 

12S. The method of any of claims I to 4, 13, 14, 17 to 20, or 29 or 30, including topical exposure to the outer 

epidemus of a manunal, particularly to wounds thereof. 

126. A method of preparing an ointment for direct topical application to a wow1d of human skin for 

ameliorating the effects of infection, particularly bacterial infection. thereof, comprising incorporating into the 

oinlment an effective amowit of a concentrate obtained according to any of claims 32 to 4 l. 

127. A method of preparing an ointment for direct topical application to a wow-.ci of human skin for 

ameliorating the effects of infection, particularly bacterial infection. thereat comprising incorporating into the 

ointment an effectivi:: amowit of CD 14 obtained according to any of claims 42 to 55. 

128. A dietary sow-ce sUch as infant fonnula, milk or other liquid having added.thereto a fj'action ofa milk 

product. the fraction including a highei· concentration of CD 14 than occurs naturaliy in the wifractionaied milk 
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produc~ wherein the milk product is one which has not been treated by a proces.<i which denatures the CDl 4 

contained therein to the extent that CD14 loses the desired activity. 

129. The dietary sc.urce of claim ·128, wherein the CD14 is obtained from bovine milk. 

I 30. Administering the dietary of source of claim 128 or 129 to a hwnan for preventing, ameliorating or 

ueating the symptoms of sepsis in the human. 

131 . Administenng the dietary of source of claim 128 or 129 to a human for stunulating B ceJls in the human 

132. Administering the dietary of source of claim 128 or 129 to a human for enha11cmg the expression of 

defensins in the human. 

133. The melhod of claims any of claims l to 31 and 113 to 120, wherein the mammal is human. 

J 34. The method of claims any of claims I to 31 and 1 I 3 to 120, wherein the manunal is in need of protection 

against a microbial pathogen selected from the group consisting of virus, bacteria, fungus and yeast. 

135. The method of claims any of claims I to 31and113 to 120, where the mammal a human suffering from 

immune deficiency. 

136. The method of any of claims I 10 31, 65, 92 to I 08 or 113 to 122, wherein lhe defensinls·1 is selected from 

the group consistii:ig ofRtNPl. RtNP2. RtNP3, RtNP4, HNPl. HNP2, and HNP3 and any combination thereof, or 

the group consisting of fll'l1Pl , HNP2, and HNP3. 

137. The method of any of claims: l to 31, 65, 92 to I 08 or 113 to 122, wherein the protein or polypeptide, as 

lhe case may be, is administered in an amount of between about 250 Tg to about 2500 Tg per kg of bodyweight of 

the mammal per day or in an amount of between about JOO Tg to about l mg per kg of bodyweight per day. 

138. The method of claim 113 or 114, wherein the nucleic acid molecule having the DNA sequence of(b) 

hybridizes under stringent conditions to the noncoding strand of (a). 

139. A method cf directly Rctivating B cells using a soluble polypeptide having the amino acid sequence 

selected from the group consisting of leu-leu-leu-lcu-leu-leu-pro-ser: leu-leu-leu-leu-leu-Jeu-pro-Jeu: and leu-leu­

leu-leu-leu-leu-val-his, and which is specifically recognized by the monoclonal antibody JC 10 and which activates 

B cells, by administering to a mammal in need thereof an effective amount of said polypeptide. 

140. The method of claim 139, wherem the amino acid comprises a sequence selected from the group 

consisting of SEQ ID }10:4. SEQ ID N0:5 or SEQ ID N0:6 or a consen·atively subsututed v:mant thereoiwhich 

activates B cells, or a fragment thereof which activates B cells or a conservatively sustituted variant thereof which 

activates B cells. 

141. A transgenic mammal having introduced into its genome a nucleic acid sequence encoding a polypeptide 

having lhe amino acid sequence identified as SEQ ID N0:4, SEQ ID NO:S, or SEQ ID N0:6, or fragment of said 

polypeptide which directly activates B cells: or a variant of said polypeptide which directly acti"'Btes B cells: a 

conservatively substituted \'ariant of the polypeptide~ or conjugates of the fragment or\-ariant thereof which directly 

activates B cells, wherein the nucleic acid sequence is under control of a CD 14 promoter endogenous to the 

mammal and the nucleic acid sequence is in addition to nucleic acid sequences ~'hich naturally occur in tb.e DNA 

of the mammal. 

142. The lransgenic manunal of claim 141 wherein lhe nucleic acid sequence encodes a polypeptide having lhe 

amino acid sequence identified as SEQ ID N0:4, SEQ ID N0:5, or SEQ ID N0:6, or fragment of said polypeptide 

which directly activates B cells; or a consetvatively substituted variant of the polypeptide. 
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143. The transgenic mammal of claim 142 wherein the nucl~ic acid sequence encodes a polypeptide having the 

amino acid sequence identified as SeQ ID N0:4. SEQ ID N0:5, or SEQ ID N0:6, or a conservatively substituted 

. variant of the polypeptide. 

144. The transgenic mammal of claim 143 wherein the nucleic acid sequence encodes a polypeptide having the 

amino acid sequence identified as SEQ ID N0:4. SEQ ID N0:5, or SEQ ID N0:6. 

145. The transgenic mammal of claim 144 whc1-ei11 the nucleic acid sequence encodes a polypeptide having the 

amino acid sequence identified as SEQ ID N0:4 or SEQ ID N0:5. 

J 46. The transgenic manunal of claim l 45 wherein the nucleic acid sequence has the sequence identified as 

SEQ ID NO: 1 or SEQ ID N0:2. 

J 47. A transgenic mammal having introduced into its genome a nucleic acid sequence encoding a protein of 

claim 139 or claim 140, wherein the nucleic acid sequence is under control of a CD 14 promoter endogenous to the 

mammal and the nucleic acid sequence is in addition to nucleic acid sequences which naturally occur in the DNA 

of the mammal. 

148. A transgenic mammal having introduced into its genome a nucleic acid sequence encoding a protein of 

any oi claims I to 31, 65, 92 to 108 or 113 or 122, wherein the nucieic acid sequence 1s under conu-ol of a CD14 

promoter endo~enous to the mammal and the nucleic acid sequence is in addition to nucleic acid sequences which 

naturally occur in the DNA of the mammal. 

J 49. The transgenic mammal of any of claims 141 to 148 wherein the nucleic acid sequence is a heterologous 

sequence. 

ISO. 1he traiisgenic mammal of any of claims 141 to 149 wherein the nucleic acid sequence has been 

introduced into the mammal or a progenitor of the nwiunal by recombinant technology. 

1s1. The transgenic mammal of claim 1 so-wherein the nucleic acid sequence has been introduced into the 

mammal by recombinant technology. 

152. The transgenic mammalofany of claims 141 to 151 wherein the CD14 promoter is a bovine promoter. 

I 53. The transgenic mammal of any of claims 141 to IS 1 wherein the mammal ·is bovine . 

. 154. A transgenic mammal ha\'ing. introduced into its genome a nucleic acid sequence identified as SEQ ID 

N0:8. wherein the nucleic acid sequence is in addition to nucleic acid sequences which naturally occur m the 

DNA of the mammal. 

155. The mammal of claim 154. wherein the nucleic acid sequence has been introduced into the mammal or a 

progenitor of the mammal by recombinant technology. 

156. The manunal of claim -154, wherein the nucleic acid sequence has been introduced into the manunal by 

recombinant technology. 

157. The mammal of any of claiins 154 to 156 wherein the mammal is bovine. 

158. A method of directly activating B cells using CD 14 obtained according to the method of any of claims 32 

to55. 

lii1fiif ·:.. ... . . 
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