
8: 3143-3148). Wei et al. discloses that both genetic and pharmacologic FGF21 gain of 

function lead to a striking decrease in bone mass in mice. Furthermore, Wei et al. states that 

the FGF21 loss of function leads to a reciprocal high-bone-mass phenotype and that 

mechanistically FGF21 inhibits osteoblastogenesis and stimulates adipogenesis from bone 

marrow mesenchymal stem cells by potentiating the activity of peroxisome proliferator-

activated receptor y (PPAR--y). 

The present examples demonstrate that a FGF21 protein delivered in vivo results in an 

increase of the osteoid deposition in or on a bone. Furthermore, the present examples 

demonstrate in transgenic mice that overexpression of human FGF21 results in an increase of 

the mineral content of a bone, when normalized for body weight and compared to wild-type 

mice. Together these results illustrate that a FGF21 protein may be used in the treatment of 

hypo-ostosis and/or hypo-osteoidosis. Thus, an objective of the present 

ill  ‘ Yeti ii-o-nembodi m en ts disclosed herein  is to provide novel therapeutic uses of FGF21 

proteins. 

The present nlvci+11-0+i- diselosure provides a method of increasing bone formation 

and/or bone deposition in a patient, comprising administering to the patient an effective 

amount of the FGF21 protein of SEQ ID NO: 1. 

Furthermore, the present invcnt ie-ficli solos u re provides a method of treating hypo- 

ostosis in a patient, comprising administering to the patient an effective amount of the FGF21 

protein of SEQ ID NO: 1. 

In a further a 	etcmbodiment, the present inve:itkasdiselosare provides a method of 

accelerating the healing of a bone fracture, orthotic procedure, prosthetics implant, dental 

implant, and/or spinal fusion in a patient, comprising administering to the patient an effective 

amount of the FGF21 protein of SEQ ID NO: 1. 

In a further as-9-e, 	etoinbodim,mt, the present inventii-mdisclositre provides a method of 

increasing the mineral density of a bone in a patient, comprising administering to the patient 

an effective amount of the FGF21 protein of SEQ ID NO: 1. 

Furthermore, the present i 	i 	:-oncliselosure  provides a method of increasing the 

mineral content of a bone in a patient, comprising administering to the patient an effective 

amount of the FGF21 protein of SEQ ID NO: 1. 



In 	further 	 tin 	the a 	aspec4ernhod 	ein 	present .,v + 	disclosure provides a method of 

increasing the osteoid deposition in or on a bone in a patient, comprising administering to the 

patient an effective amount of the FGF21 protein of SEQ ID NO: 1. 

Furthermore, the present MvettIondisclosure provides a method of treating hypo-

osteoidosis in a patient, comprising administering to the patient an effective amount of the 

FGF21 protein of SEQ ID NO: 1. 

Furthermore, the 	in 	 delaying, present 	vem-tri-endisclosure provides a method of 	slowing, 

and/or preventing bone loss in a patient, comprising administering to the patient an effective 

amount of the FGF21 protein of SEQ ID NO: 1. 

In a further aepeet. embodiment, the present inon 	!o Sure provides a method of 

preventing and/or treating osteoporosis in a patient, comprising administering to the patient an 

effective amount of the FGF21 protein of SEQ ID NO: 1. 

Furthermore, the present diselostirenrin  provides a method of preventing and/or 

treating high risk of fracture due to poor bone quality and/or bone loss in a patient, comprising 

administering to the patient an effective amount of the FGF21 protein of SEQ ID NO: 1. 

The 	inventiendisclosure 	 FGF21 	SEQ ID NO: present 	 provides a use of the 	protein of 	 1 

in the manufacture of a medicament for increasing bone formation and/or bone deposition. 

In a further Lype.:4einbodirnent, the present inveutioncliselosure provides a use of the 

FGF21 protein of SEQ ID NO: 1 in the manufacture of a medicament for treating hypo-

ostosis. 

In 	further 	 the 	l'fit;',f, a 	atteeeembounnent, 	present 	tvi-e-adiselosure  provides a use of the 

FGF21 protein of SEQ ID NO: 1 in the manufacture of a medicament for accelerating the 

healing of a bone fracture, orthotic procedure, prosthetics implant, dental implant, and/or 

spinal fusion. 

In a further asnecanhodituent,  the present nwen-Ct-H.+. klisclosure  provides a use of the 

FGF21 protein of SEQ ID NO: 1 in the manufacture of a medicament for increasing the 

mineral density of a bone. 

Furthermore, the present iftv--en4t-Anciisclosurc provides a use of the FGF21 protein of 

SEQ ID NO: 1 in the manufacture of a medicament for increasing the mineral content of a 

bone. 



Furthermore, the present 	disclos e  provides a use of the FGF21 protein of 

SEQ ID NO: 1 in the manufacture of a medicament for increasing the osteoid deposition in or 

on a bone. 

In a further 	embodiment, the present inv,,,ntiendisetosure provides a use of the 

FGF21 protein of SEQ ID NO: 1 in the manufacture of a medicament for treating hypo-

osteoidosis. 

In a further aspeetembodiment, the present in-±Etrt+c-vtidisc. 	Ere provides a use of the 

FGF21 protein of SEQ ID NO: 1 in the manufacture of a medicament for delaying, slowing, 

and/or preventing bone loss. 

Furthermore, the present 	disclosure  provides a use of the FGF21 protein of 

SEQ ID NO: 1 in the manufacture of a medicament for preventing and/or treating 

osteoporosis. 

Furthermore, 	 i 	 the FGF21 the present 	entiondiisulosure provides a use of 	protein of 

SEQ ID NO: 1 in the manufacture of a medicament for preventing and/or treating high risk of 

fracture due to poor bone quality and/or bone loss. 

In one aspect Tthe present 	disclosure provides the FGF21 protein of SEQ ID 

NO: 1 for use in increasing bone formation and/or bone deposition. 

In a further aspect, the present i eentiendisc➢ osuce provides the FGF21 protein of SEQ 

ID NO: 1 for use in treating hypo-ostosis. 

In a further aspect, the present Mve-mieficiisclosure provides the FGF21 protein of SEQ 

ID NO: 1 for use in accelerating the healing of a bone fracture, orthotic procedure, prosthetics 

implant, dental implant, and/or spinal fusion. 

In 	further 	 in,.-entiondisclos 	 the FGF21 	SEQ a 	aspect, the present 	 tire provides 	 protein of 

ID NO: 1 for use in increasing the mineral density of a bone. 

Furthernioreln another the present in-v-c. 	disclosure provides the FGF21 

protein of SEQ ID NO: 1 for use in increasing the mineral content of a bone. 

F-H-Ftherniofeln 	 1-wrtifitiondisclosure 	the FGF21 anoth r Bis ect, the present 	 provides 

protein of SEQ ID NO: I for use in increasing the osteoid deposition in or on a bone. 

Furthef-morels another aspect, the present 4iventiktiiciisclosure provides the FGF21 

protein of SEQ ID NO: 1 for use in treating hypo-osteoidosis. 

In a further aspect, the present itpee 	sure provides the FGF21 protein of SEQ 

ID NO: 1 for use in delaying, slowing, and/or preventing bone loss. 
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In a further aspect, the present i-u)--eut+omitsclosurc provides the FGF21 protein of SEQ 

ID NO: 1 for use in preventing and/or treating osteoporosis. 

In a further aspect, the present :nvem-i-endisclosure provides the FGF21 protein of SEQ 

ID NO: 1 for use in preventing and/or treating high risk of fracture due to poor bone quality 

and/or bone loss. 

The FGF21 protein of SEQ ID NO: 1 may be used, as described herein, as a single 

agent and/or in combination with another agent or agents that promotes bone mineralization, 

bone formation, and/or decreases bone resorption. Agents include, but are not limited to, 

FORTED®, EVISTAO, FOSAMAX®, ACTONEL®, and BONIVA®, zolendronate, 

denosumab, blososumab, CDP7851/AMG 785. In another aspect, there is provided  a 

combination of the FGF21 protein of SD) ID NO: 1 withanother agent or agents that 

romotes bone n neralization, bone 	and/or decreases hone resorption for any of 

th 	uses as defined above. 

The present i-u-v 	, c 	sure provides a method of increasing bone formation 

and/or bone deposition in a patient, comprising administering to the patient an effective 

amount of the FGF21 protein of SEQ ID NO: 3. 

Furthermore, the present invatroftdisclosure provides a method of treating hypo-

ostosis in a patient, comprising administering to the patient an effective amount of the FGF21 

protein of SEQ 1D NO: 3. 

In 	further 	 the 	inverm-i-H-fidisclosure 	a method of a 	aspectembodirnent, 	present   provides 

accelerating the healing of a bone fracture, orthotic procedure, prosthetics implant, dental 

implant, and/or spinal fusion in a patient, comprising administering to the patient an effective 

amount of the FGF21 protein of SEQ ID NO: 3. 

In a further nspecternbodillient, the present ir+«n4 rnd selosure provides a method of 

increasing the mineral density of a bone in a patient, comprising administering to the patient 

an effective amount of the FGF21 protein of SEQ ID NO: 3. 

Furthermore, the present iiwe-PkieRclis:closure provides a method of increasing the 

mineral content of a bone in a patient, comprising administering to the patient an effective 

amount of the FGF21 protein of SEQ ID NO: 3. 

In a further • 	bodiinent, the present H 	ndiselosure provides a method of 

increasing the osteoid deposition in or on a bone in a patient, comprising administering to the 

patient an effective amount of the FGF21 protein of SEQ ID NO: 3. 



Furthermore, the present Iniventic 	provides a method of treating hypo- 

osteoidosis in a patient, comprising administering to the patient an effective amount of the 

FGF21 protein of SEQ ID NO: 3. 

Furthermore, the present ifwent4o-hclisclosure provides a method of delaying, slowing, 

and/or preventing bone loss in a patient, comprising administering to the patient an effective 

amount of the FGF21 protein of SEQ ID NO: 3. 

In a further aispecri embodiment, the present 	irttemiisel iisure provides a method of 

preventing and/or treating osteoporosis in a patient, comprising administering to the patient an 

effective amount of the FGF21 protein of SEQ ID NO: 3. 

Furthermore, the present irveritiendisciosure provides a method of preventing and/or 

treating high risk of fracture due to poor bone quality and/or bone loss in a patient, comprising 

administering to the patient an effective amount of the FGF21 protein of SEQ ID NO: 3. 

The present i-n-i-,,entriendisclosure provides a use of the FGF21 protein of SEQ ID NO: 3 

in the manufacture of a medicament for increasing bone formation and/or bone deposition. 

In a further ftspeeternbodintent, the present 	 use provides a use of the 

FGF21 protein of SEQ ID NO: 3 in the manufacture of a medicament for treating hypo-

ostosis. 

In 	further 	 the 	i+i-v-iiintiondiselosure 	 the a 	aspeeteinbcainnent, 	present   provides a use of 

FGF2 I protein of SEQ ID NO: 3 in the manufacture of a medicament for accelerating the 

healing of a bone fracture, orthotic procedure, prosthetics implant, dental implant, and/or 

spinal fusion. 

In a further aspLetembociiment, the present ifarrislosure provides a use of the 

FGF21 protein of SEQ ID NO: 3 in the manufacture of a medicament for increasing the 

mineral density of a bone. 

iLtitientlisensure Furthermore, the present in• 	 provides a use of the FGF21 protein of 

SEQ ID NO: 3 in the manufacture of a medicament for increasing the mineral content of a 

bone. 

Furthermore, the 	imufttiendisciosure 	 the FGF21 present   provides a use of 	 protein of 

SEQ ID NO: 3 in the manufacture of a medicament for increasing the osteoid deposition in or 

on a bone. 

In a further as-peeternhoiiiment, the present i-9-,,,,-E:n-tic 	e provides a use of the 

FGF21 protein of SEQ ID NO: 3 in the manufacture of a medicament for treating hypo- 

osteoidosis. 



In a further aspect -mbodimenf,  the present inventiondiselosure  provides a use of the 

FGF21 protein of SEQ ID NO: 3 in the manufacture of a medicament for delaying, slowing, 

and/or preventing bone loss. 

Furthermore, the present 'Hwe tiondiselosure provides a use of the FGF21 protein of 

SEQ ID NO: 3 in the manufacture of a medicament for preventing and/or treating 

osteoporosis. 

Fut-then 	lore, the present invcntiondssclosm-e provides a use of the FGF21 protein of 

SEQ ID NO: 3 in the manufacture of a medicament for preventing and/or treating high risk of 

fracture due to poor bone quality and/or bone loss. 

The present 	 osure provides the FGF21 protein of SEQ ID NO: 3 for use 

in increasing bone formation and/or bone deposition. 

In a further a-spee-tembodimeni, the present ir.ventrondisclosurc provides the FGF21 

protein of SEQ ID NO: 3 for use in treating hypo-ostosis. 

In a further aspeetembodirnent, the present nn endisclosure provides the FGF21 

protein of SEQ ID NO: 3 for use in accelerating the healing of a bone fracture, orthotic 

procedure, prosthetics implant, dental implant, and/or spinal fusion. 

In a further aspeetembod iment, the present ifweritiendis, 	ure provides the FGF21 

protein of SEQ ID NO: 3 for use in increasing the mineral density of a bone. 

Furthermore, the 	invcntiondisciosure 	the FGF21 	SEQ ID present 	 provides 	protein of 

NO: 3 for use in increasing the mineral content of a bone. 

Furthermore, the present inve-i÷tiemliselosure provides the FGF21 protein of SEQ ID 

NO: 3 for use in increasing the osteoid deposition in or on a bone. 

Furthermore, the present inventiendisciosure provides the FGF21 protein of SEQ ID 

NO: 3 for use in treating hypo-osteoidosis. 

In a further 	embodiment,the present 	, 	provides the FGF21 

protein of SEQ ID NO: 3 for use in delaying, slowing, and/or preventing bone loss. 

In a further aspeetcn:ibodimem,  the present ir-Prent-ieediselpsure  provides the FGF21 

protein of SEQ ID NO: 3 for use in preventing and/or treating osteoporosis. 

In 	further 	 t, the 	im 	 the FGF21 a 	a 	etenibodimnez 	present 	bieii-i-e... bidiscliisure provides 

protein of SEQ ID NO: 3 for use in preventing and/or treating high risk of fracture due to poor 

bone quality and/or bone loss. 



The FGF21 protein of SEQ ID NO: 3 may be used, as described herein, as a single 

agent and/or in combination with another agent or agents that promotes bone mineralization, 

bone formation, and/or decreases bone resorption. Agents include, but are not limited to, 

FORTEO®, EVISTA®, FOSAMAXO, ACTONEL®, and BONIVA®, zolendronate, 

denosumab, blososumab, CDP7851/AMG 785. 

The present inventiondisclosure provides a method of increasing bone foimation 

and/or bone deposition in a patient, comprising administering to the patient an effective 

amount of the FGF21 protein, wherein the amino acid sequence is SEQ ID NO: 4. 

Furthermore, the present invcitti-effidisclosure provides a method of treating hypo- 

ostosis in a patient, comprising administering to the patient an effective amount of the FGF21 

protein, wherein the amino acid sequence is SEQ ID NO: 4. 

In 	further 	 inven4€pdisciosure a 	fis ectembodiment, the present 	 provides a method of 

accelerating the healing of a bone fracture, orthotic procedure, prosthetics implant, dental 

implant, and/or spinal fusion in a patient, comprising administering to the patient an effective 

amount of the FGF21 protein, wherein the amino acid sequence is SEQ ID NO: 4. 

In a further aspc4ernhodiment, the present :nvertioudisclosure provides a method of 

increasing the mineral density of a bone in a patient, comprising administering to the patient 

an effective amount of the FGF21 protein, wherein the amino acid sequence is SEQ ID NO: 4. 

Furthermore, the present in .Aneitt-i-e+tclisclusure provides a method of increasing the 

mineral content of a bone in a patient, comprising administering to the patient an effective 

amount of the FGF21 protein, wherein the amino acid sequence is SEQ ID NO: 4. 

In 	further 	 the 	ihveo-4Kidiseic-isure 	a method of a 	aspectembodirn mt., 	present   provides 

increasing the osteoid deposition in or on a bone in a patient, comprising administering to the 

patient an effective amount of the FGF21 protein, wherein the amino acid sequence is SEQ ID 

NO: 4. 

Furthermore, the present i1zvePtk.Rdisclosure provides a method of treating hypo- 

osteoidosis in a patient, comprising administering to the patient an effective amount of the 

FGF21 protein, wherein the amino acid sequence is SEQ ID NO: 4. 
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Furthermore, the present ie-'eati mdisclosure  provides a method of delaying, slowing, 

and/or preventing bone loss in a patient, comprising administering to the patient an effective 

amount of the FGF21 protein, wherein the amino acid sequence is SEQ ID NO: 4. 

In 	further 	 the 	inventiondiselosure  a 	fitleekembodiment, 	present   provides a method of 

preventing and/or treating osteoporosis in a patient, comprising administering to the patient an 

effective amount of the FGF21 protein, wherein the amino acid sequence is SEQ ID NO: 4. 

Furthermore, the present in ,',:ntiontlisclosure provides a method of preventing and/or 

treating high risk of fracture due to poor bone quality and/or hone loss in a patient, comprising 

administering to the patient an effective amount of the FGF21 protein, wherein the amino acid 

sequence is SEQ ID NO: 4. 

The present i-n-c-eprtien-disclosure provides a use of the FGF21 protein, wherein the 

amino acid sequence is SEQ ID NO: 4 in the manufacture of a medicament for increasing 

bone formation and/or bone deposition. 

In a further ' ,riteet• embodiment, the present iev-en4-14/ 4fidiselostire provides a use of the 

FGF21 protein, wherein the amino acid sequence is SEQ ID NO: 4 in the manufacture of a 

medicament for treating hypo-ostosis. 

In a further aspeetem bodirn ent, the present 'fiwe-41-4,„±F,diselosure provides a use of the 

FGF21 protein, wherein the amino acid sequence is SEQ ID NO: 4 in the manufacture of a 

medicament for accelerating the healing of a bone fracture, orthotic procedure, prosthetics 

implant, dental implant, and/or spinal fusion. 

In a further icitoetembod ini ent, the present 4weii+iendisci osu re provides a use of the 

FGF21 protein, wherein the amino acid sequence is SEQ ID NO: 4 in the manufacture of a 

medicament for increasing the mineral density of a bone. 

Furthermore, the 	in 	 the FGF21 present 	ventiondiselosure provides a use of 	 protein, 

wherein the amino acid sequence is SEQ ID NO: 4 in the manufacture of a medicament for 

increasing the mineral content of a bone. 

Further 	the 	iii-vcritioilc 	losiire 	 the FGF21 more, 	present 	 I 	provides a use of 	 protein, 

wherein the amino acid sequence is SEQ ID NO: 4 in the manufacture of a medicament for 

increasing the osteoid deposition in or on a bone. 



In a further ast-)eetembodiment, the present inventieedisclosure provides a use of the 

FGF21 protein, wherein the amino acid sequence is SEQ ID NO: 4 in the manufacture of a 

medicament for treating hypo-osteoidosis. 

In a further espeetembodiment, the present ifweivciendisclosure provides a use of the 

FGF21 protein, wherein the amino acid sequence is SEQ ID NO: 4 in the manufacture of a 

medicament for delaying, slowing, and/or preventing bone loss. 

I
Furthermore, the present inventiendisclosure provides a use of the FGF21 protein, 

wherein the amino acid sequence is SEQ ID NO: 4 in the manufacture of a medicament for 

preventing and/or treating osteoporosis. 

I
Furthermore, the present ifivemii+ildisclosure provides a use of the FGF21 protein, 

wherein the amino acid sequence is SEQ ID NO: 4 in the manufacture of a medicament for 

preventing and/or treating high risk of fracture due to poor bone quality and/or bone loss. 

In another aspect, 	the present inventiendisclosure provides the FGF21 protein of;  

if; SEQ ID NO: 4 for 	in increasing bone formation vAiefein-tile-mil-itio acid sequence 	 use 

and/or bone deposition. 

In a further aspect, the present itweetiendisclosure provides the FGF21 protein: 

SEQ ID NO: 4 for 	in treating hypo-ostosis. wherein4ile-amine-aeid-sequenee-is of 	 use 

In a further aspect, the present inventiendisclosure provides the FGF21 protein;  

SEQ ID NO: 4 for 	in 	the healing 	a wherein-the-amine-aeid-sequetiee-is of 	 use 	accelerating 	of 

bone fracture, orthotic procedure, prosthetics implant, dental implant, and/or spinal fusion. 

In a further aspect, the present inventiendisclosure provides the FGF21 protein; 

• - 	SEQ ID NO: 4 for 	in increasing the mineral density - - = : 	- : - = 	= 	of 	 use 

of a bone. 

FufthefmeFeln another aspect, the present inventiendisclosure provides the FGF21 

' 	SEQ II) NO: 4 for 	in increasing the protein, 	.. 	. . 	 of 	 use 

mineral content of a bone. 

In another aspect 	ere, the present inventiendisclosure provides the FGF21 

SEQ ID NO: 4 for 	in increasing the protein, whereithtlie-ainine-aeichsequenee-isof 	 use 	 osteoid 

deposition in or on a bone. 

In another aspectFethermere, the present inventiendisclosure provides the FGF21 

protein, 	- .; : -- - : : : : 	= : 	: - 	of SEQ ID NO: 4 for use in treating hypo- 

osteoidosis. 
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In a further aspect, the present ifrreftien<tiselosure provides the FGF21 protein-, 

SEQ ID NO: 4 for 	in delaying, 	and/or 9,41ere 	 of 	 use 	 slowing, 

preventing bone loss. 

In 	further 	 disclosure 	the FGF21 a 	aspect, the present 	 provides 	 protein, 

41-e 	-lino 	 SEQ ID NO: 4 for use in 	 and/or treating acid 	(,,Ary,Efe-pre-,...---is  of 	 preventing 

osteoporosis. 

In a further aspect, the present inven-tit,Rdisolosure provides the FGF21 protein 

i-s 	SEQ ID NO: 4 for 	in 	 treating 9d-1cl-oh-the arni-no a 	ec--- 	of 	 use 	preventing and/or 

high risk of fracture due to poor bone quality and/or bone loss. 

The FGF21 protein of SEQ ID NO: 4 may be used, as described herein, as a single 

agent and/or in combination with another agent or agents that promotes bone mineralization, 

bone formation, and/or decreases bone resorption. Agents include, but are not limited to, 

FORTEO®, EVISTA® FOSAMAX®, ACTONEL®, and BONIVA®, zolendronate, 

denosumab, blososumab, CDP7851/AMG 785. In another aspect, there is provided a  

hination of the I-£x121 protein of SEA) ID NO: 4 with another agent or agents that 

orginows bone 	 , hone formation. and/or decreases bone resorptionfor any of 

the uses as defined above. 

The 	 the 	ins 	 FGF21 methods and uses of 	present 	- 	.uli:sclosure comprise a preferred 

protein of SEQ ID NO: 4, wherein the FGF21 protein is selected from the group consisting of 

SEQ ID NO: 1 and SEQ ID NO: 3. The most preferred FGF21 protein is SEQ ID NO: 1. 

The term "treating" (or "treat" or "treatment") means slowing, stopping, reducing, or 

reversing the progression or severity of a sign, symptom, disorder, condition, or disease. 

The term "preventing" (or "prevent" or "prevention") refers to a decrease in the 

occurrence or severity of a sign, symptom, disorder, condition, or disease or decrease in the 

risk of acquiring a sign, symptom, disorder, condition, or disease or its associated signs and/or 

symptoms in a subject. 

A "patient" is a human. 

The term "effective amount" refers to the amount or dose of the FGF21 protein of 

SEQ ID NO: 1, SEQ ID NO: 3, and/or SEQ ID NO: 4 that provides the desired treatment 

upon single or multiple dose administration to a patient. 

The following examples may be performed essentially as described below. 
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