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METHODS OF EXPANDING AND ASSESSING B CELLS AND USING EXPANDED B
CELLS TO TREAT DISEASE

CROSS-REFERENCE TO RELATED APPLICATIONS
This patent application claims the benefit of priority of United States Provisional Patent
Application No. 61/697,663, {iled 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.

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.

INTRODUCTION

It is well-known that B cells 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 (B10 cells)
with the ability to express the inhibitory cytokine interleukin-10 (1L-10) have been identified.
Although rare, B10 cells are potent negative regulators of antigen-specific inflammation and T
cell-dependent autoimmune disease in mice. BI10O 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.

SUMMARY

o one aspect, there is provided a method of expandiog B 19 cells capable of producing 1L-10 cx

viva comprising contacting B cells harvested from a subject with 1L-21 and 1solating the BI#

cedls.
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In onc aspeet, there is a provided a method of expanding B cells ex vivo comprising:

a) Contactine B cells harvested from a subject with feeder cells expressing a D40

aconist and a B cell survival promoter in the presence of 1L-4;

by Contacting the B cells from step (a) with feeder cells expressing a CD40 asonist

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

¢} Isolahng the B cells from step (b and

Ay isolating the B10 cells from the B cells of step (¢}

In one aspect, there is provided an in vigo method of assessing B10 cell function in a

subicct comprising:

a) Harvesting B cells from a samele from the subject

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

¢) Determining if the B cells are canable of producing IL-10.

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

method as deseribed herein,

In one aspect, there is provided a pharmaceutical comnosition comprising the

composition as described herein and a pharmaceutically acceptable carrier,

In one asnect. there s provided the use of a therapeuticallv effective amount of the

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

disorder, 1o vrevent or ireal organ, tissue or cell Uranspland rejeciion or associated chrontc graft

versus host disease. (o treat an alleroic disorder or inflammatory disorder or to treat subiecls

receiving recombinant, therapeutic or xenoveneic 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
of expanding B10 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



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 1L.-21 and isolating the B10 cells.
2. The method of claim 1, further comprising contacting the cells with a CD40 agonist_or

contaciing the B cells with fesder cells expressing a CD40 agonist and a B cell survival

promoter.
3—The—methed-—of —claim—4—furthercomprsing—contasting—the-B—cellswith—feedsrgelis
sxpressing-a-Ch40-agonict and-2-B-sallsurvival-promelen

4.3.  The method of claim 22, 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.

&—The-msethed-ofclaim-3-ord-whersin-the-Bsellsurvival prometeris-BAEE-BLyS):

84. A method of expanding B cells ex vivo comprising:
a) Contacting B cells harvested from a subject with feeder celis 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; and

¢} Isolating the B cells from step (b);_and
adisolating the B10 celis from the B cells of step {c).
The-method-ofclaim-8-furdher-comprising-isolating-the B10-cells-from-the-B-callsof slep
e,

75, The method of claim 1-46-9=7, wherein the B10 celis are isolated by selecting for cell
surface expression of CD1d, CD5, CD24 or CD27.

8.6, The method of any one of claims 2-53-8, wherein the feeder cells further express
VCAM-1 and CD44 or at least one marker selected from CD24 [L-7, Mst1 or Tslp.

O—The-method-of any-ons-ofclaims-3-8-whersin-tholeeder-cellsfurtherexpress-altleasi-one
eHobad A Metd-or-Talp:

7. _The method of any one of claims 2-83-18, wherein the feeder cells express at least two fold
less of CD99, CXCR7, DIk1, Jag1, Notch1 or TGFBI than control feeder cells.

8. Anin vitro method of assessing B10 cell funclion in & subiect comprising:

2} Harvesting B cells from a sample from the subject

b1 Contacting the B cslis with 1L-21 and & CD40 agonist: and

¢} Determining [ the B cells are capable of producing 1L-10.

8. The method of claim 8, further comprising contaciing the B cells with fesder celis

expressing a CD40 agonist and B cell survival promoter in the presence of 1L-4 prior to

culturing with 1L-21.

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

CD40 agonist 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 11.-10

proguced or the percentage of cells capable of producing HL-10 to a conlrol having normad

. The method of any one of claims 8-11_{usther comprising disanosing e subiect as having

normal, deficient or over-active B10 cells,

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

diaanose whnsther the subiect has g disease or condilion affecting B10 cell funclion,

wherein the disease or condition is an asulohnmune disease. arafl versus host disease,

transplant reiection, anti-drug anlibodies, or an inflammatory disorder.
46

the blood, spleen, peritoneal cavily, lymph nodes, bone marrow, site of autoimmune

disease, sile of inflammation or tissue undergoing transplant rejection of the subject.

removal of non-B cells, or selection for cell surface igM, igD, IgG, IgA, IgE, CD19,



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

1£:18, The method of any one of claims 23-171%, wherein the feeder cells are fibroblast,

endothelial cells, epithelial cells, keratinocytes, melanocytes, or other mesenchymal or

stromal cells.

producing IL-10, or are isolaled based on differential expression of cell surface molecules
including IgM, IgD, 1gG, IgA, IgE, CD19, CD20, CD21, CD22, CD24, CD40, CD72, CD79s,
CD79b, CD1d, CD5, CD9, CD10, CD1d, CD23, CD27, CD38, CD48, CD80, CD86, CD138,
CD148 or combinations thereof.

14 The methed-of any one-of elaims-1-& gr--19; wherein-the 816 cells. are- 10% or mere of the

tetol-Bocells isalated afterthe-mathad.

autoimmune disorder, _to prevent or treat organ, lssue or cell bransplant rejection or

associated chronic araft versus host disesse, o treal an allergic disorder or inflammatory

disorder or to ireal sublects recelving recombinant, therapsulic or xenogensic protein(s)

somprising - administering a-therapautisally effestive ameunt-of-the- campesition ¢f-any-ene

e

of.claims-22-24 to-a-subject-in-need-of ireatment-for-an-aufeimmune disorder.
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sclerosis, iupus, arthritis, inflammatory bowel disease and scleroderma.

26. A-methed-ef-ireating-a-subject-to prevent-er-reat-organ;-lissue-er-sell-fransplant
rejection- or-asseciated chronie-grafi-versus host-disease -comprising -administering-a
therapeuticallyeffective-ameunt-of -the-compesition-ot-any-one-af-clalms 2224 -to-a
subjeet-in.need-of reatment-fortransplant rejection-or-graft versus hast disease:
27 A-mothod-of-treating-a-subjeet-having-an-allergic- disorder -or-inflammatory-diserder
semprising-administedng-a-therapeutically-effeclive- amount-of-the-compesition-of-any-one

of claims-22-24 o a subjest in need of treatment for allergies or Inflarmmation.

g

#8:-27. The ussmethed 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.

28. A method -of freating-a-subject regeiving recombinant-therapeutic.orxenegeneis
pretein{s)—sompsing-—administering —a—therapeautically—ofoctive--ameunt—of---the
sompesition of any-one-of elaims 22-24-16- & subject in-need of-reatment-for-a-genstic;
transplantationallergy-nflammation-orautelmmuna-diserder.

3628, The ysemethod of any one of claims 25-275-30, wherein the composition comprises

3429, The usemethod of any one of claims 25-285-21, wherein between 10° and 10™ B cells

32-The mathod- of -any. ens-of claims 25-32, wherein-tha-compoesition-is- administered-betare;
during-orafter the-oneetof symploms-in-ihe-subject

23 A method of assessing B10 sellfunctionin a-sublest comprising:
a3 --Harvesting-B cells frorm-a sample frem-the-subjeck
by--Gontacting-the-B-cells with-b-21-and-a-LD40-agenist and
eh--Lleterminipng-ithe-B-cells-ara-capable-ol-produsing -1

34.-Fhe-melhed--of claim- ad;--further  somprising -sentacting  -the -B-cellg-with--feeder - calis

axpressing-a-GR48 agenist-and-B. sell-survival prometerin-the-presense-of -Ik-4- prior-to

eubtsing-with-h-24.
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A5 The- method-af claim -34- or-35.-wherein-the-cells-are contacted--with feeder-cells

P

xpessing-a ClMO-agenist and B esll survival proameter in the presence of lL-21

36: the-methed of any ene of glaims 34-36-further somprisin

of .-10-produced er the percentage of-cells-capable of g}mr‘%uung L-10 to-a-contrel
having-nermal B10-sell-function and-determining-itthe Bl O-cell-funstion-is-nermal-or
abnormal in the subjeck

37--The methed-ef-any-one-of-claims-34-37; furthar-somprising diagnesing-the-subjeect
as -having-normal; deficlent or over-astive B10 cells.

38 The method- of claim 38-wherein the BA0 eells.are normsl ib-the percentage of B10
cells capable of praducing 10 In slep (¢} s within 2 standard deviations of the
average percentage of B0 celis-capable-of produsing H-10-in-a -normal pepulation;
wherein - the - B10 cells- ara-defisient f -the percentage-of- 810 cells capable- of
producing -ll-10 -in-step--(e}-is-mere-than-2-standard--devialiens-lewer-than- the
average percentage of Bl cells capable of producing 18- in-a-nermal pepulation;
and wherein the B10.cells-are over-active-if-the-parcentage-of B18-sells capabla of
producing-1-10- in step (o) is-mere- than- 2 standard- devistions. higher than-the
average-perceniage of Bll-eells-capable-of produsing-lk-10-in-a-nermal- population:

389-The methed of any one-of glaims 34-38; wherein-the-B-oells are harvested from the
blood.-spleen;- pertoneal-savily-lymph -nodes; bene- marrew;-site -el-auleinmune
disease;- site-- of- Wflammation -er-lissue- undergoing -transplant- rejection -ef - the
sublect:

40: The method ef any one-of elaims 34-10;-wherein the B cells are-isolated by-remowval
of -non-B eells;-er-selection-for eell surfaca-Ighd; IgbB; g6, lgh-lgk- B0, - CH20,
GCR24, 2022, Ch24, CR48,.CD72; Cli79a; CRT79h, CRid; -G, Cho; D10,
CR27 CR38.-Ch48, . CDEN-CDEE, 386D 148 argombinations thereof

41, The 1 sd-of-any-one of elaims - 34-44-wherein the CR44- agenist-is CD154;-a

fragment-af- G154, -ar an-antibody; - aptamer,; -polypeplide.-er--fragment- thereef
reactive with-CR40:
Ay

12-The method-of-any one-of claims - 34-42; wherein the -B-cell-survival-prometer-is

selegled from-gt-least one-of feeder cells;, BARF-(BLyS), BAFF fragments; ARRIL;

22 -menaclonal anlibody-er

winents thereef:



43, The-method-ob-any-ene-of glaims-34-43,-whersein-the-feeder cells- are - fibroblasts;

aendothelial-cells-epithelial cells; keratinosytes; melanooytes; ar-ether mesanchymal
or stromal-esils.
44 The.

Fhe-methed-of-any-one of-claims-35-44; wherein the B-cells-are -contacted-with-1-4
for-three te-ten-days:

The-methed-of-any-one-of claims. 35-45,wherein-the B-eelis-are-contacted with-li-
21-fer four-te-eight- days:

48. The method-of any-ene-of claims 38-48,-further comprising using-the-cemparisen-to

diagnese whetherthe subjest-has a dissase or conditien affecting B0 sell-function.
47. The methed- of slaim -47; wherein- the- dises

266 -of-sonditien--is--an- auteimmune
disesse; graft-versus host disease; transplant-rejestion;-anti-drug-antibedies; eran
inflammeatery disorde

S

48-The-metheds and compositions-substantially as disglosed -and described-herein:



