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Immune System:
Antibodies, Antigens, B and T cells

B cell receptors (BCRs): antibodies (immunoglobin)
on cell membrane that bind specific antigens
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Horror Autotoxicus: “the horror of self-toxicity” (Paul Ehrlich, 1901)
The body is unwilling to develop mechanism to cause its immune system

to attack itself
T cell receptors (TCRs)

Autoimmnue diseases arise from one’s immune system attacking healthy
tissues (selfantigens); affecting 5-8% of the population; organ specfic or
systemic
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More than 100 types of diseases: systemic lupus erythematosus (SLE),
rheumatoid arthritis (RA), multiple sclerosis (MS), inflammatory bowel
disease (IBD), psoriasis, Sjogren syndrome, type | diabetes, ulcerative
colitiis (UC), Crohn’s disease
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Treatments include: NSAIDs, immunosuppressants, corticosteroids, kinase | ;:&3 A °

Risk factors: genetics (typically polygenic; HLA allele is most signficant),
environment, gender (~75% affected are women), hormone levels,
infection, and microbiota
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inhibitors, monoclonal antibodies and other biologics % L j“ ’ ”“' ?
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antibodies mark the toxin for destruction (opsonization),
neutralize toxins by binding to its receptors, and activate the
complement system

Kinase Inhibitors: Approved, Failed, and In the Pipeline
- Bruton tyrosine kinase (BTK) inhibitors
- Janus kinase (JAK) inhibitors
- Tyrosine kinase 2 (TYK2) inhibitors
- Phosphoinositide 3-kinase (PI3K) inhibitors
- Interleukin-2-inducible T cell kinase (ITK) inhibitors
- Spleen tyrosine kinase (SYK) inhibitors

- Naive T cells can be activated upon binding to an antigen, proliferate, and
differentiate into T effector (T¢) cells which migrate to the site of infection.

- T helper cells bind to an antigen (foreign or infected cell) and mark it for
destruction

- Natural Killer T cells release cytotoxins to kill a target cell
- T regulator (T,g4) cells are proliferated to attentuate an immune response via
release of inhibitory cytokines, cytolysis, metabolic disruption (prevent
autoimmunity, hopefully)

tyrosine kinases serve as “on/off” switches, signaling cellular function via
phosphorylation of tyrosine residues on downstream proteins

Not Discussed Herein: , S _ Relevant Group Meetings
- Comprehensive coverage of kinase inhibitors in any disease area Kinase Inhibitors: An Introduction (Peters, 2019)
- Targeting cytokines and nucleic acid sensing antagonists (Bioorg. Med. Covalent Drugs: Trends, Mechanisms, and Warheads (Smith, 2022)

Chem. Lett. 2021, 48, 128229; Bioorg. Med. Chem. Lett. 2021, 44, 128101) Fundamentals of Small Molecule Virolo Harwood. 2021
- Monoclonal antibodies and other biologics (Nat. Rev. Drug Discovery 2019, 9y ( ’ )
18, 553-566)

- Natural products with immunosuppressive activity  gjoorg. Med. Chem. Lett. 2021, 38, 127862; Nat. Rev. Nephrol. 2023, doi: 10.1038/s41581-023-00720-1
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“Failure of Self-Tolerance”
Initial Causes of Autoimmunity:
Varies greatly across diseases, poorly understood
1. Abnormalities in self-antigens
2. Early innate immune response
3. Imbalance between T effector and T regulatory cells via depletion of

Bruton’s Tyrosine Kinase (BTK) Inhibitors

Non-receptor (cytostolic) tyrosine kinase in Tec family
1. BCR activation leads to activation of Lyn and SYC
2. BTK is phosphorylated at Tyr551

3. BTK then autophosphorylates at Tyr223 and is full

activated
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Propagation and Presentation of Disease: BTK is a signal transducer for BCRs, ( BCR

1. Self-antigens driving the reaction cannot be eliminated
2. Epitope spreading: as tissue is damaged, new antigenic epitopes

chemokines, cytokines, and Fc
receptors wv )

develop, leading to further immune response and mutation, creating a o ﬁ@
viscious cycle —
.. . . . ys ——
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Curr. Topics Med Chem. 2022, 22, 1647-1691; Nat. Chem. Rheum.
2014, 10, 212-228

ibrutinib (Imbruvica)
First-in-class BTKI
$8.3 billion in sales in 2022, third top selling cancer drug and twelfth overall
Used in treatment for over 270,000 patients worldwide

Approved for mantle cell ymphoma (MCL), chronic
/® lymphocytic leukemia (CLL), small lymphocytic
0 lymphoma (SLL), Waldenstrém’s macroglobulinemia,
marginal zone lymphoma, and GvHD

NH, - Developed at Celera Genomics to study BTK
- Pharmacyclics (now AbbVie) acquired the BTK
N X discovery program
- Johnson & Johnson helped co-develop the drug
once it was in Phase Il

- Off-target reactivity with other Tec proteins
\ \F containing Cys481, including RLK, BMX, and TEC.

Ongoing influence of genetic, environmental and stochastic factors

High risk of bleeding, rash, atrial fibrillation, diarrhea
due to promiscuity

BTK IC50 = 05 nM

(suggested reading: For Blood and Money, Nathan Vardi)
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3 FDA approved BTKIs:
- ibrutinib (2013)

- acalabrutinib (2017)

- zanubrutinib (2020)

BTK is not a disease driver, inhibitors only interrupt
the downstream effects of inflammation in
autoimmune disease, requiring chronic treatment:
attentuation of side effects is critical

International BTKI approvals:
- tirabrutinib (2020, Japan)
- orelabrutinib (2020, China)

Reversible Covalent Inhibitors Irreversible Non-Covalent Inhibitors

- Covalent inhibitors of the Cys481 residue have
inherent selectivity risk: 10 other kinases have an

- Attenuate the binding time with

softer electrophile . 2T A ibrutinib: fenebrutinib:

- Even if a reversible covalent _eilf;\éalir;tsggss ;?Sr']d#: '%;?fgti%ﬁ“xgks'te covalent binding of Cys481 key interaction at Tyr551

inhibitor binds endogenous P gh hap

thiols, they Ca_n ltlnbl_nd taking advantage of Fenebrutinib (GDC'0853) addition of methyl

- Selectivity within kinome: the H3 binding solvent exposed Genentech restricts rotation,

ability to attentuate non-covalent pocket: retains o\j\ / o\j\ 2-fold improvement

interactions to increase potent inhibition of N N .«Me in potency and

selectivity the ibrutinib- k SAR O longer residence

resistant /N z |mprOV|ng N / time Compared to
Cys481Ser mutant | toxmology unsubstituted
N_ _NH, of BTK X M NH

\

HO o
Me

/
N-N //:IO =
CS F(\N G-278
BTK IC5 = 4 nM
N N\) observed hepatoxicity in mice & dogs gemdimethyl cyclopentyl hete[%c?sﬁlllg?g/uces
o)\(/\l\feMe moiety fills H3 space
CN ol o BTK ICso = 8.4 nM
Rilzabrutinib (PRN1008) H 1. NaH, BrMeCN reliable safety profile
Principia Biopharma (Sanofi) Y ot NaNs | Meﬂ"‘)_{o 2. Hp, Pd/C
- Designated orphan drug in 2018 Me 37% , Me / Ot - Phase Il reached primary and secondary
for immune thrombocytopenia Me mech? NH,  endpoints for multiple sclerosis (MS)
- In Phase Il for multiple (announced May 16th, 2023)
autoimmune disorders, including . N NaOEt - Only reversible inhibitor in Phase Il for MS

p o ) N/\HO

asthma and atopic dermatitis

J. Med. Chem. 2022, 65, 5300-5316 3 steps J. Med. Chem. 2018, 61, 2227-2245
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Increasing BTK Selectivity

H
benzyl amide sits N
in H3 pocket, near 0
non-conserved
residues; lipophilic
groups increase
binding affinity
S
L7
NT N
early leads
BTK ICsq
R=H: 3700 nM

R = t-butyl 142 nM

! y O\rMe
\n/ /3/ Me

Me

—

N
N/)\N ~Me Favorable in vivo pharmacokinetics

H

increased potency
maintained selectivity

increases sp°®
character and
solubility,
reduces lipophilicity

BI1068
Biogen
BTKICsq=1nM

X-ray cocrystal of BIlI068 blndlng in BTK

Poor ex vivo phamacodynamics
Halted in phase |

Discovery Route

CN 4. BH,

Me 2. Boc,0 Me

3. Bypiny,, [Pd]
58%
Br 3 steps
Process Route NH,
Me
N~
H,N S Me

—_—

90% SN __,N\ 99%
Pd free, acidic conditions, | /)\ /Q/N ~Me
i N

no exogenous acid and N
same pot Boc removal H

precipitation of free base

J. Med. Chem. 2020, 62, 12526-12541; Org. Process Res. Dev. 2020, 24, 1199-1206; J. Med. Chem. 2022, 65, 1206-1224

NHB
NHBoc oc 1. HCI/MeOH
Me 1.[Pd] Me 2. CDI
NHBoc S N —N (0] Me
\ *HCI
H N/Q/ N~he HN b
2 . Me o  BIIO6S
T L e O e
80% silica purification /C/‘N" o 0s
Bpin N/)\CI N/)\H X ~Me silica purification
A e e e e e e e e mmmmememmmmmm———————
: reductlve amination
: from the aldehyde H N=N
OYMe ; ¢ OO\N N\ ;\I\FMe
: M
HN/j Me TS~ - COH Ts—N © O > Me <
CDl . Buges ! 1.80Ck,
recrystallization as: : e
hemi-adipate co- 2. AICl, =N
crystal ' 81% /C/N -
90%, 9.7g pdt Br 2 steps Br N 2
; BI1091

BTK IC5q = <0.5 nM
Phase | for MS
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NH, How to overcome the toxicity associated with ibrutinib?

- Covalent inhibitors suffer from higher risk of more

H e gt
N signficant and prolonged off-target reactivity and
prolonged Me \ idiosyncratic adverse drug reactions
pharmacodynamic effects However, they can be more robust against metabolic and other PK
) liabilities and they typically require lower dosing
o Up to ICy, coverage required
for clinical efficacy
kmgzc{.
kon
0

BMS- 986142 - .

BTK1Cs0 = 0.5 nM branebrutlmb ko —E
N Nuc: Nuc:
I (BMS-986195) @ @
Me F BTK ICso = 0.1 nM
see Atropisomerism in Drug Design (Pollates, 2023) " . . .
D|scoverv Route o ' Acovalent drug (1) reversibly binds in the active site,
(o) OH )J\/M o) OH 1 then (2) covalently reacts with a nucleophilic residue
H Me ¢ H - Non-covalent binding provides selectivity
1.Hp, PVC N AcOH N :
’ —» — ' _ . . . . .
5 NaNOz, H,N name? Me—Q : Irreversible covali\rllittr?urg\:illnégogirr?V|des high coverage
F NaSOj, F mech? F ! . g
mech? o _NH, Br Me gy : {’.I:‘n’)‘fm"
H ) : ’m inactivation inactive
N :‘lN[Pd] CN ' * enzyme
butynoic acid Me \ O—NHBOC n 1. NH,OH E elimination ~ degradation
HATU F Me EDCI ' (ka) (Kseg)
Me N - \ % :
2. HpS0O, F 2. POCl; i Drug needs to inactivate its target faster than it's cleared,
b brutinib K)\ Me Br mech? i but its elimimation must be rapid enough to avoid off
ranebrutini NH, target effects
Four Step Process Route Oy ~OFEt o O.__OEt
Os__OEt H.N Me H
H 2 Me)]\/ " b H DPPCI, NMM
+ HoN LPO“» F OH N\ . tBuOK 2-butynoic acid
_———
89% (PhO),PO,H M 81 % 66%
NHBoc F N 29% e N mech?
F @ or
NHBoc NH, branebrutinib

J. Med. Chem. 2019, 62, 3228-3250; Org. Process Res. Dev. 2022, 26, 1174-1183; Curr. Opin. Chem. Biol. 2017, 39, 54-63
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iﬁ::.ﬁfﬁ?;‘i"’ézﬂm Janus kinase (JAK)
e cmm ' Approved JAK Inhibitors for autoimmune diseases
e : tofacitinib (Xeljanz) o
! NIH and Pfizer Pan-JAK Inhibitors
JAK,, Approved 2014, first approved JAK inhibitor for baricitinib peficitnib
e N 1 1 immunological disease (RA, UC, psoriatic arthritis) H H
reidue JAKDMSMW : “JAK3 inhibitor” - but highly promiscuous l/N\ N NN
S mey : N H ' / | /
E phosphorylation of STATS : r J N h|nge b|nd|ng N / H2N /
Tnoee : | / motif
J : o N A O NH
@Translocalnon : / /
FERM SH2 Pseudokinase Kinase S : NC 0 N ~ -
domain domain domain domain -Co!'?) Transcription : \)L N N Me N N
o e . x| o MeOZS’N
PO T | ° CN
promoter gene : o o H
. Rockland Immunochemicals, 2023: N H JAK1 Se|eCtIV6
Jak family: JAK1, JAK2, JAK3, TYK2 : z HN
- Non-receptor kinases that mediate cytokine signaling | //
- High level of homology in family: ' N?Y N N
- JH1 (kinase domain) ATP is bound here, many JAK ' — CF;
inhibitors bind at this site ! (
- JH2 (pseudo-kinase domain) aids in binding at JH1 but ! Me NH
does not actively phosphorylate : N\‘(
- Conserved homology hinders ability to develop kinase specific o}
drugs ' upadacitinib
delgocitinib (Corectim) Discovery Route: stereoselective spirocycle synthesis
Japan Tobacco
Approved in Japan for atopic dermatitis, 2020,
as a topical treatment SOCI2 Me I/CoztBu LIHMDS tBu0,C,, \R
FDA Phase |ll, Fast Track for hand eczema — D
M NR .
N H tBUOzC cl N
r >~ N extensive screening: o Me
NI _ / pyrolopyrimidine maintains selectivity via?
N o} 1Ceo Bn Me
5 )‘\/ JAK2 =0.0026 uM 2 1. HCI : 1. O3, PPhy
N - N - NR «—— Me
JAK3 =0.013 [JM NR
. TYK2 = 0.058 uM 2. HATU o 2. BnNH, .
Me* - Me NaBH(OAc)3 Me'

J. Med. Chem. 2020, 63, 7163-7185
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JAK Inhibitors for Inflammatory Bowel Disease (IBD)

Developing non-permeable small molecules for intestinal disorders

Strategies:
1. “Soft drugs” with intentionally metabolically vulnerable positions leading

to high-first pass metabolism

2. Special release formulation

3. Pro-drug converted in the intenstines
4. Intentionally break Lipinski’s Rule of 5?7

cLogP: <5
molecular weight: <500 Da

hydrogen bond donors (HBD): <5
hydrogen bond acceptors (HBA): <10

JAK proteins are expressed in cells within the intestinal lining:

a successful inhibitor must permeate enterocytes but not enter the bloodstream

. . ® g i
i A
[

J

-absorbabl |
enterocyte nzrr]uz (sli?r:itZde m:rf:graane U mtrtz(l:'ggijlar
permeability) target
HN cLogP = 3.4
N N MW = 403 Da
HBD =3 and HBA=8

non-systemic Pan-JAK inhibitor, high efflux ratio

N
Nc/\/g

Izencitinib (TD-1473)

Inflammatory bowel disease (IBD) is caused by
dysfunctional immune response to the
microbiome and not by attacking self-antigens

satisfies Lipinski’s rule
cLogP =0.8
MW =409 Da
HBD =3 and HBA=8

solvent exposed

Me q
HO Me Janssen

STAT4 ICsp = 54 nM
low systemic exposure, high colonic

Discovery route

high colonic tissue and low plasma concentration
mechanism of selectivity unclear, potentially a “soft drug”

H,O/MeOH
87%

tgt 2 steps Eto

OH J;);) M /NI N

Theravance Biopharma
failed to achieve clinical efficacy in phase I

Can we design a non-systemic drug without empirical screening?

so ph H2N., SOzPh
Pd/C
O,N DIPEA 99%
95%
1 NH, SOzPh

SO,Ph

7 /
68% H,N X

HN,

‘

R

Curr. Opin. Pharmacol. 2020, 55, 99-109; Bioorg. Med. Chem. Lett. 2019, 29, 2034-2041; J. Med. Chem. 2020, 63, 2915-2929; ACS Med. Chem. Lett. 2023,

14, 233-243
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M — — ———————— Tyrosine kinase 2 (TYK2) Achieving novel selectivity in the Jak family:
Deucravacitin b N e domain domain dormai o allosteric binding in the JH2 (pseudokinase)
?Sot‘{/kt:x)l ! domain instead of JH1
BMS-986165 N Z N 1. PPhs O OH
0 PABSA 0O 0 0 5 AcOH 1. POCIs >|\
A STon™ H0 S
OEt 74%  EtO OEt 3. LIOH Nl - NH, HCI
structure? N, " 977; ech? OH D>r 339% Y
D >|\ rxn name? ree sieps two steps
)H)j\ IMe
NH N
N. ~ /— \ 1. Mel I—— \ .
JJW o NH, 1. DMFDMA NI N KHMDS NI N 1.A LIHMDS
MeO 2. NH,NH,*H,O 58% 66%
TYK2 JH2 IC59 = 0.2 nM e " > 11eO >, > MeO o deucravacitinib
First-in-class oral, selective, allosteric 265?653 p'd/C2 2. [Pd]
TYK2 Inhibitor O,N h? 92% H,N
FDA approved September 2022 for mech: O,N HN
plaque psoriasis

76%
............................................................................... J. Med. Chem. 2021, 64, 677-694; .J. Med. Chem. 2019, 62, 8953-8972
Phosphoinositide 3-kinase (PI3K)
- PI3Ky (in macrophages and granulcytes) and PI3Kd (also in B and T cells) are implicated

HM5023507 attentuates T cell activation,
in autoimmune disease reduc':ing interluki-n and interfe_ron proc:!uction,
- PI3Ka and PI3K are cancer targets without reducing Te4 function (in vitro)

HM5023507
chloro improves Janssen ICs0 (WM)
metabolic stability| € I\ ol 0 PI3Ky = 0.004
l\ poor metabolic stability i:gﬁg - 8g88
=~ | N improve activity ‘ improve pharmacokinetics =Y
/ new chemical space

reduces cLogP;
improves metabolic stability

increase isoform selectivity \/N /)\

ICsp (M) % N
PI3Ky = o1o4 PI3Ky = 0.012
PI3K3 = 0.002 1 IdeIaI|S|b (Zydelig)

W (} fills hydrophic pocket;
ICs0 (UM)
Gilead PI3Kd = 0.002

locks conformation HZN\( increases affinity that was lost
Y/ upon switching to azetidine
N
FDA approved 2014 for CLL

o)
HZNJS NH2 cl
cl
. = NH
PI3K3 selective BocN \ N. N
2
\ N.

\ N 2
J. Med. Chem. 2019, 62, 4936-4948:; J. Med. Chem. 2019, 62, 4783-4814; EDC-HCI EtOH/Hz N )
Pharmacol. Res. Perspect. 2020, 8, 0059 BocN

2 BocN 72%
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Spleen Tyrosine Kinase (SYK)

Non-receptor (cytostolic) kinase expressed in hematopoietic cells
Downstream of B and T cell receptor (B/TCR) signaling

failure of other SYKiIs: dual inhibitors as a solution?

0P(0)(0H)2
Int. Immunopharmacol. 2021, 90, 107168

Overexpression of SYK leads to upregulation of B/TCRs OH L
Phosphorylates BTK, upregulates Treg : gusacitinib (ASN002) ICso
! N Asana BioSciences SYK =5nM
: _ JAK1 = 46 nM
' first oral dual SYK/JAK JAK2 = 4 nM
B vV ' O HN inhibitor for dermatitis JAK3 = 11 nM
o2 LN : FDA fast track designation TYK2=8nM
WWRE | " ' HN Z "N Phase Il for chronic hand eczema (CHE)
P 4 | PN s I Phase | for SLE
5 | _" _‘ip' B : N N
(| I B \ 1
| = | E‘ sk | ; CN
L '
: Discovery Route NH, O JJ\
v : fo) o) D
: PI3K/AKkt, Ras/ERK, PLCy/NFAT, Vav-1/Rac and IKK/NFkB : m )L u EtO H OFEt
| : Et0” ~Cl Et0” “NCS Me” NH
v l v v '
Phagocytosis Degranulation Osteoclas- !
- (histamine) g Y, togenesis plallet ' ¢TEA
(r‘%‘i(;’;[?f” maturation activation ! |
................ e eeene .. immune-system-research.com! ~(aryl)
fostamatinib (R788) : - POCl,
Rigel Pharmaceuticals ' EtO SN -—— Et0 i SN <€— Et0 | NH
FDA approved for adult immune thrombocytopenia (ITP) '
- off-target activity o _ ' Me N/)\N'R Me N/)\CI Me N/)\OH
- trials for RA and SLE discontinued- high dosing, insufficient efficacy ﬁ
OMe GSK2646264 : DMFDMA
MeO topical application (tissue selective)
fa”ed in PhaSe I NH : (ary') (ar |)
: - . | N~ Yy
MeO : O HN o ny- @Y
N \N : EtO NalO, EtO SN NH,NH N
II I P OWL LSS SG W
| ; | OHC™ “N” N’
' R
N OMe: Me,N R

Br. J. Dermatol. 2019, 181, 733-742; WO 2013/028818
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Interleukin-2-inducible tyrosine kinase (ITK)
- Non-receptor (cyctostolic) tyrosine kinase in the Tec family expressed in T cells, mast cells,
and natural killer cells
- Activated downstream of TCR by LCK and recruited to the membrane by PI3K
- Upon Tyr512 phosphorylation, ITK autophosphorylates Tyr180 and phosphorylates PLCy1
- ITK positively regulates T helper cells, aids in migration of autoreactive T cells, and mediates
cytokine secretion

N o ICs0
Scaffold Inspiration: Avitinib, an EGFR _
tyrosine kinase inhibitor, Phase lll, g.IKK;O(')Ogg'g 5 I\l\/I/I
Sorrento Pharmaceuticals EGFR = 1.2 uM

ITK |C80 =1uM increased H

2T

LAT

LK | ZAP70 Gads

_ Drug target .- \ ,,/-
g aigat -

//'4 .

®:

¥ DAG
x &
RAS

PKFB
:
o @

QYA

z w3
- eg
=7 Transplantation

2 (\@ | T cells lymphoma
@ ) Allerglc Diseases

\“/; @A

Auto Imm

Organ

unity

SAR potency N N
U Y Balancing /©/ \'!ll/; /
activity & selectivity
(\ > (\N

position points N N :)\ N

exposed toward a pocket: /\n/ :
to solvent increase selectivity o) displaces a water
=z N for noncovalent saturated ring attenuates molecule
/\ﬂ/ binding step? ur g attenuates unique to ITK
. reactvity to retain selectivity
tune the linker |O

for the covalent
warhead?

NEM BocN

Cl N
B

SEM

SEM Cl N _N

Y p I1D®
=

~N
1. Boping, [Pd] N A
:

23% 1. [Pd]
2 steps o//\N O NH,
—/

Corvus Pharmaceuticals: CPI-818 (structure undisclosed) is TGT <«

\Nﬁ\g/\/g T I 2. [Pd] < °© 7\ Mme
c ! Boch j/ \(:)\ Me BocN j Nt)\ N

a selective ITKI in phase Il for T Cell Lymphoma and early 2. TFA; K,CO,4 3%
development for autoimmune disease

Eur. J. Med. Chem. 2019, 173, 167-183; iScience 2021, 24, 102842; Postdoc J. 2014, 2, 1-11

3. acroyl chloride 3 steps

Reversible ATP Competitive ITK Inhibitors

Elucidating better SAR for selective ITKIs?

F
N
N\
Me N
7 1 H
N’N
H
0
Me N//\N
)’ /
o
s

s
Z;
BMS-509744 N~ N

both halted due to poor
pharmacokinetics

\5\}0

2

GNE-4997
Genentech
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First line Treatments for RA, SLE

Toll-like receptor (TLR) inhibitors: ) )
hydroxychloroquine Corticosteroids: OH

i o
Me (\OH Prednisone

HN)\/\/NvMe lOH

N

Moving Beyond Symptomatic Treatment:
Therapeutic Interventions to Halt Disease?

- More selective, tolerable drugs: lowering side effects
- Drugs to halt disease progression
- Earlier intervention and better screening

Autoimmune Pre-Symptomati
Activation Phase

>—>

Z
Cl N (o]
Disease-modifying antirheumatic drugs (DMARDS):
methotrexate O  CO,H

N Silent Autoimmunity Autoimmune Autoimmune
N H Stage Reactivity Stage Disease Stage
N N N CO,H Elevated Antibodies Elevated Antibodies Elevated Antibodies
)l\ | but no symptoms with symptoms with symptoms
< <z Me or tissue loss but no tissue loss and tissue loss
H,N” >N N

Biologics may be used in conjunction with small molecules
or as second line treatment

Tumor necrosis factor (TNF) Inhibitors (Biologics)
Monoclonal antibodies: infliximab, adalimumab, and others
Rituximab: monoclonal antibody for B cell depletetion

complement
activation

phagocytosis by This area intentionally left blank

macrophage

naturalkiller

A cD20 i

i Rituximab
: Fcy Receptor

S L L L L L




