
METHODS OF EXPANDING AND ASSESSING B CELLS AND USING EXPANDED B 

CELLS TO TREAT DISEASE 

CROSS-REFERENCE TO RELATED APPLICATIONS 

5 This patent application claims the benefit of priority of United States Provisional Patent 

Application No. 61/697,663, filed September 6, 2012; United States Provisional Patent 

Application No. 61/707,256, filed September 28, 2012; and United States Patent Application No. 

13/795,889, filed March 12, 2013, all of which are incorporated herein by reference in their 

entireties. 

10 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH 

This invention was made with United States government support awarded by the National 

Institutes of Health grant number A1057157 and U19 A156363. The United States may have 

certain rights in this invention. 

15 

INTRODUCTION 

It is well-known that B ceils regulate immune responses by producing antigen-specific 

antibody. However, specific B cell subsets can also negatively regulate immune responses, 

validating the existence of regulatory B cells. Human and mouse regulatory B cells (BIO cells) 

20 with the ability to express the inhibitory cytokine interleukin-10 (1L-10) have been identified. 

Although rare, B10 ceils are potent negative regulators of antigen-specific inflammation and T 

cell-dependent autoimmune disease in mice. B10 cell 1L-10 production regulates antigen-

specific immune responses in vivo without inducing systemic immunosuppression. B10 cells 

may thereby be useful in regulating or controlling inflammation or autoimmune diseases. 
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SUMMARY 

hi wie a^iect.there is provided e method of expanding B10 cells capable of producing 1L-10 ex 

.H/l:^...^t).oipi;[sifig^_contacdng_Ji^ccys..| wilh_j_L:2j arR[_jsu]aUrig the BIO 

cells. 



In one aspect, there is a provided a method of expanding B cells ex vivo comprising: 

a) Contacting B eeJis harvested from a subject with feeder cells expressing a CD40 

agonist arid a B cell survival promoter in the presence of IL--4; 

h) Contacting the B cells from step (a) with feeder cells expressing a CD40 agonist 

5 and a B cell survival promoter in the presence of IL-21; 

c) Isolating the B cells from step Cb): and 

d) isolating the BIO cells from the B cells of step fc). 

In one aspect, there is provided an in vitro method of assessing BIO cell function in a 

subject comprising: 

10 a) Harvesting B cells from a sample from the subject; 

h) Contacting the B cells with. IL-21 and a CD40 agonist; and 

c) Determining if the B cells are capable of producing IL-10, 

In one aspect, there is provided a composition comprising the cells produced by the 

method as described herein, 

15 in one aspect, there is provided a pharmaceutical composition comprising the 

composition as described herein and a pharmaceutically acceptable carrier. 

In one aspect, there is provided the use of a therapeutically effective amount of the 

composition as described herein for manufacture of a medicament to treat an autoimmune 

disorder- to prevent or treat organ, tissue or cell transplant rejection or associated chronic graft 

20 versus host, disease, to treat an. allergic disorder or inflammatory disorder or to treat subjects 

receiving recombinant therapeutic or xenogeneic protein!s). 

Provided herein are methods of expanding B cells ex vivo, compositions comprising 

expanded B cells and methods of using the expanded B cell compositions for assessing or 

screening for a disease state or condition and for treating diseases as described herein. Methods 

25 of expanding BIO cells capable of producing IL-10 ex vivo by contacting, culturing or incubating 

B cells harvested and isolated from a subject with IL-21 are provided herein. The resultant 
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Claims 

We claim: 
1. A method of expanding B10 cells capable of producing IL-10 ex vivo comprising contacting 

B cells harvested from a subject with IL-21 and isolating the B10 cells. 
2. The method of claim 1, further comprising contacting the cells with a CD40 agonist or 

contacting the B cells with feeder cells expressing a CD40 agonist and a B ceil survival 

promoter. 

g f-fop. rosthcd of claim 1 further comprising contacting *he B c"l^s with fsocicr colls 

4T3. The method of claim 23, further comprising first contacting the B cells with feeder cells 
expressing a CD40 agonist and a B cell survival promoter in the presence of IL-4. 

nlntm .< r\r A %~4 et it. 

§r4. A method of expanding B cells ex vivo comprising: 
a) Contacting B cells harvested from a subject with feeder cells expressing a CD40 

agonist and a B cell survival promoter in the presence of IL-4; 
b) Contacting the B cells from step (a) with feeder cells expressing a CD40 agonist and a 

B cell survival promoter in the presence of IL-21; a&4 
c) Isolating the B cells from step (b); and 

e-kDisoiatinq the BIO cells from the B cells of step fc). 
r«rvynr<rit?iir\^ rin tho Slfi r'/atic- frr»rv> -H-ifs Pi fnilo /-yf o-fr^ri 

(©)• 

7-5. The method of claim 1-4§-©F-7, wherein the B10 cells are isolated by selecting for cell 
surface expression of CD1ds CD5, CD24 or CD27. 

ST6. The method of any one of claims 2^53-S, wherein the feeder cells further express 
VCAM-1 and CD44 or at least one marker selected from CD24, fL-7. Mstl or Tsip. 

7. The method of any one of claims 2-63-4-0, wherein the feeder cells express at least two fold 
less of CD99, CXCR7, Dlk1, Jag1, Notchl or TGFBI than control feeder cells. 

8. An in vitro method of assessing BIO cell function in a subject comprising: 

a) Harvesting B cells from a sample from the subject: 

b) Contacting the B cells with IL-21 arid a CD40 agonist: and 

c) Determining if the B ceils are capable of producing IL-10. 

9. The method of claim 8. further comprising contacting the B cells with feeder cells 

expressing a CD40 agonist and B cell survival promoter in the presence of IL-4 prior to 

10. The method of claim 8 or 9. wherein the cells are contacted with feeder ceils expressing a 

CD40 aaonist and B cell survival promoter in the presence of IL-21. 
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11. The method of any one of claims 8-10, further comprising comparing the amount of IL-10 

produced or the percentage of ceils capable of producing IL-10 to a control having normal 

BIO cell function and determining if the 810 ceil function is norma! or abnormal in the 

subject. 

12. The method of any one of claims 8-11, further comprising diagnosing the subject as having 

normal, deficient or over -active BIO cells. 

13. The method of any one of claims 11-12, further comprising using the comparison to 

diagnose whether the subject has a disease or condition affecting B10 cell function, 

wherein the disease or condition is an autoimmune disease, grail versus host disease. 

transplant rejection, anti-drug antibodies, or an inflammatory disorder. 

4-a 
11-14. The method of any one of the preceding claims, wherein the B cells are harvested from 

the blood, spleen, peritoneal cavity, lymph nodes, bone marrow, site of autoimmune 
disease, site of inflammation or tissue undergoing transplant rejection of the subject. 

4-*MlLJhe method of any one of the preceding ciaims, wherein the B ceils are isolated by 
removal of non-B ceils, or selection for cell surface IgM, IgD, igG, IgA, igE, CD19, 



CD20, CD21, CD22, CD24, CD40, CD72, CD79a, CD79b, CD1d, CD5, CD9, CD10, CD23, 
CD27, CD38, CD48, CD80, CD86, CD138, CD148 or combinations thereof prior to use in 
the method. 

43rjj3_._The method of any one of claims 2-154-3, wherein the CD40 agonist is selected from 

the group consisting of CD154, a fragment of CD154, andor an antibody, aptamer or 

polypeptide, or fragment thereof reactive with CD40. 
T4:17. The method of any one of claims 23-1644, wherein the B cell survival promoter is 

selected from the group consisting of at least one of feeder cells, BAFF (BLyS), BAFF 
fragments, APRIL, CD22 ligand, CD22 monoclonal antibody, andor fragments thereof. 

4§:18,...The method of any one of claims 23-174§, wherein the feeder cells are fibroblast, 
endothelial cells, epithelial cells, keratinocytes, melanocytes, or other mesenchymal or 

stromal cells. 
^JiL.The method of any one of ciaims 3-1 34~4-§, wherein the B cells are contacted with IL-4 

for three to ten days. 
•1-7,20 Jhe method of any one of the preceding claims, wherein the B cells are contacted with 

IL-21 for four to eight days. 
-1 &r21: The method of any one of claims 1-7 or 14-20§-ep--7-4&, wherein the B10 cells are 

producing IL-10, or are isolated based on differential expression of ceil surface molecules 
including IgM, IgD, IgG, IgA, IgE, CD19, CD20, CD21, CD22, CD24, CD40, CD72, CD79a, 
CD79b, CD1d, CD5, CD9, CD10, CD1d, CD23, CD27, CD38, CD48, CD80, CD86, CD138, 
CD148 or combinations thereof. 

Ift-The-methed-ef-any ©ne-gf 6la!ni-&-1-i-or-7-49r\¥<:ieFeif}4he-S-10'6e-(te-are-1€-%-©r- niece-of-the 

tetai-B-Geite- isolated -aftep-fcfoe-me&red-
2#;22^The method of any one of claims 1-7 or 14-21§-er-7-4Q, wherein the isolated B10 cells 

are more than 50% B10 cells capable of producing IL-10. 
21 23: ,A composition comprising the ceils produced by the method of any one of claims 1-7 or 

i4:;2224, 

23 24; A pharmaceutical composition comprising the composition of claim 22- or 23 arid a 

pharmaceutical^ acceptable carrier. 
24T25. Use of a therapeutically effective amount of the composition of any one of claims 23-24 

for manufacture of a medicament A- -method ef-treating a--subjeet- -having to treat an 

autoimmune disorder, to prevent or treat organ, tissue or ceil transplant rejection or 

associated chronic graft versus host disease, to treat an allergic disorder or inflammatory 

disorder or to treat subjects receiving recombinant, therapeutic or xenogeneic protein(s) 

6©mpri&tng-admWstering- a-f heFapeufeaily -eteetiv©- amount-ef-toe-eempesiti©n-ef-any~©R@ 

ef-daims-23""24 -te^-sufe|e6l-HVTOed^-tFeatTOen^fef-aivautefmmwie-dts©rdef. 

46 



2§r26, The usemefrseel of claim 25, wherein the autoimmune disease is selected from multiple 

sclerosis, lupus, arthritis, inflammatory bowel disease and scleroderma. 

a§T Ar-metlTQ€l-©f4reatfng~a-8Mfeje6t-to-pr©ve«t-er"lreat»0r§aFV'tis&ue-0f-eeH-tFaR8p!afit 

rejeelien-©r~-asse6iated -shrame-graft-versus4iest~dlsease••GempFfslng-ad-minfstering-a 

lheFapeuti6alfy-eff66tive--ameun4-©f4he-6emp6sltien~ef--any-©fle-e#-Glalm6~2^-24~te™a 

8wbje6l-in-ne©d-0f-tmatm6nt-fer4ransf>farrt"Fej©6ti0R-er-graft-veFSfci&- hestdfeeasa 

27--.- ./V-method—of- traa^at} a--8Mbj-0G^43avia€f~an - allafaio- dis^rda-r -or iRfl'0i:i:'W43l0fiyL--df&0fd©f 

6©m^^in§^4fflJwsteFfR§-ft-theFapefcrtteally-effe6Mve--aw©yRt-e:f4be--6ernpesltf©H-ef~aRy-«fi© 

of claims-22-24 to a subject in need-ef- treatment fer allergies or inflammation; 

^8r27, The usemethed of claim 258, wherein the inflammatory disorder is selected from 

asthma, encephilitis, inflammatory bowel disease, chronic obstructive pulmonary disease 

(COPD), allergic disorders, septic shock, pulmonary fibrosis, undifferentitated 

spondyloarthropathy, undifferentiated arthropathy, arthritis, inflammatory osteolysis, and 

chronic inflammation resulting from chronic viral or bacterial infections. 

2-9: A method-ef-treating-e-swfoieGt reGeivirtf-reeomfelRan^r^rapeytio-er-KeHegenete 

-sempftslRg adnwHstoH^—a-lfw-a^oelieally- • effective- amewnt—ef—the 

sempesitien- ©f-any-ene-of- slaims-22-244©- a-sybjeet-wvneed -©•f~&eatmerit-f0r~-a--genefe 

Irat^teftettenralfQfgyr-wflammatieivQy autoimmHRe-dteofdef. 

36-28.JThe usemethed of any one of claims 25-275-30, wherein the composition comprises 

autologous B cells. 

^29. J"he usemethed of any one of claims 25-28§~34. wherein between 106 and 1010 B cells 

are administered to the subject in the composition. 

82:--The- method-ef-any- one"9f--Glaim&-2-§-32r-wl^ereio-the-eomposUi©n-is-adminl6teFed~bef0r-e7 

duwBg-ei^-afteF- tba-enset-ef-symptemsafMhe-sybjeotr 

3-3: A method of assessing 8-10 eelffunGtiornn a-eubject comprising:-

«)-Harvestin§-8 Gelte-ffom-a -sampie-frem-the-subjeGl; 

h) GsRte'i4-iRg-4he^B---eelis--w!t:!-f4t-'--24-aR-d-a--GD40--ag9fiisti--aFid 

34:-The- method-of- €!aim-----34r---f«rther--©©aiprisin§-4,;0r)fae-!fn€{--lh8 B-Gells-with-feedeF-eells 

e^presswg-a-G04e -ag©nist-~afid--8- eeIf-5yfvi¥al---pr9met8Mfv-the-preeer}6e-ef4l=-4-pr-ieF-4e 
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35-rT-he- metbed-af-Glaim --34--eF--3§7-wherein4he-~eelte--afe eentaeted-with--feeder-sells 

e*pressin§-a GD40--a§enist-and -B-esIt survival premoter in -the- presence of-IL-2-t; 

36-;T~he-methed ef-any-0ne-ef-dairns--34-36rfyrthereGmprlsin§~eemparinQ--the-amt>ynt 

ef- IM0-pro4uGed BP-the-percentage-ef--eelte-eapable of pred-yeing-lk-10-te-a-seRtr-el 

havifi§~mrmal &10~m&fymtien~afi4-determtmrig-fc&e-&:lQ~Gett-fhmGtieR--is-mrmal--&f: 

afener-mal In -the- subjeGk 

37t-Th©-meth©d-©f--any"0n8--0f--Gfaims-3^-S7-; -ffcw;ther--Gemprising--dia§nesing-the--£ybjeet 

as-havmg-Borma!; deficient ©p-over-aetive-BIO cels-sr 

38-. The-melhed- ef -slam 38-r wherein the-B-l-Q-eeHs'-are -normal-if4he-perGenta§e ©f-B40 

cells ©apabie-ef -producing-IL-4G- in step-(e) is- wit-hin 2--standard- deviations ©f the 

average- per eentage-ef -B-10- ee1is--eapab!e-of prodding--! k-404n-a -ner-mal- pepulatien; 

wherein-the-B19- cells--are---- d-effeierrt- if-tie pereentage-ef-BIO- eelle -capable-- ef 

prod-y-elng 4L-49--4t>-step---(€)-4s---mere-4haR--£-siandaFd----€leviatiefis~4ewer-4haR---the 

average- percentage of-BI-O-eelfs-G-apah-ie ef-pr-edueing-IL-10-in-a-nerma! population^ 

and-wherein-the- B-1 9"eelle-ar-e-ever~a©t!¥e4f4he-percentage-ef-840~eell?;-eapable-Qf 

proGfuGin9--lI-r-40- m -step -(G) • -ie-more• than--2 -standard--devis-tf-ens- higher--than-the 

average-pereefitafe-ef-B-l-O-seHs-eapabie-efpFeduelRf-IL-l-O-fn-a-Rermaf-pepttlattenT 

39r-Tlie- method ef any-one-9f-elaims--34-3-9i- -wherein-the-S-eells -are-• harvested-fr-em -the 

bleed r~spleen; - peritoneal- Gavit>s lymph ~nede©r-bene- marrow,-ette -ef-~ay-teimmyne 

diseaser- site- - of inflammatiGn--ef--tissue- u-ndergei-r-Kj --transplant refeGtien -ef-'- -the 

syfejesfc 
40= The method-ef any one-of-•6!aims-34-40rwherein- the B-Gells-are-i-selaled &y-removal 

ef--nen-B- -€ells7--er-5eieetien~fer--ee!l- surfaee-igMr-lgD; l9CS-r^A7-4§E-r-G[41--Q-r-GQ-2-0« 

GB2-VGD22-.-GD24; GB4-0-rGD-72i GD79a, GD79br-GD4drGD5rGD9r GD-1-G-GQ23; 

GB^7s---GD3ll7--GD4Sr-G-DSQT--GD8§7-GD1-3%--GD-14§~-€!r--e0mh!r4ati0}i-S"#ieFeefT 

4-1 -The method ©f-any-one- of -eIaime--34~4-1-rwherein the-GQ40-a§eniet-is - G&1 §4? a 

fragment-ef- G01-§4-r-er--an--antifeodyT- aptamer;-polypeptide-er-fragment--thereof 

reactive with-GD40: 

42>4'he method-ef-any ene-ef -elafms -34-43r-wherein- the-B--eeH-~8WFVfval-premetefMs 

selected from-at-Jeast one- of -feeder GellSyBAFF- (BtyS)j- BAFF- fragment6vARR!L-i 

G-D32 y§and7--GQ-24-menoGl©{ia! an-Ubedyr-or-fragments thereof r 



43-.-?^e--meth©€i--e^-aRy~e«e--ef-€iaims--34-4^T-wherein the-feed-ei-eelfe-afe fikrehJasts,-

eFid9theliai-eetlsre-p^ie!ia{-€elterk©raffneeytesT- meianeGytesrer-ether-mesenchymal 

44r:Fhe-methe4-©f~aRy-Qne -ef~GiaiFf>S"&§~44T -wherein the-B-Gel-i&-are-G©ntaGted-with4k:-4 

fer4hree- t&4eR-day&7 

4§-rThe--methed -of-any-ene-ef-elalms- 3§-4§r-wherein4he -B Gette-aFe-GQRtaGted -with-IL-

21-fer four- te-eighl- days-

46: The methed-of any-ene--©f elalms-38~4§;4«rther-e©mpfism9- using-the-Gemparisen-te 

diagnese--wi'>e$het-the-6wbjeet-baB-a'disease-er-eendftiett 3ffedfn§B40-G-e!l4i«-feri-; 

47: The- -method--- ©f- • elaim- ~4?T • wherein- the-disease --er-"GOFKMtien"is--an--autoimmune 

disease; graft-versus -host- -disease-,- - trarmplant-FejeGtiefjf-aRtl-drug-aolffeediesv -er-an 

inflammatory disorder-

4Whe-metheds-a«d-eewpesiliens-stfbstafitjalfy-a&-dfsetesed-a«d-desGHbed-heFeier 

'-••"491"1' 


