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Chapter 13: Cytokines

Definition: secreted, low-molecular-weight proteins that 
regulate the nature, intensity and duration of the immune 
response by exerting a variety of effects on lymphocytes and/or 
other cells.

- Cytokines bind to specific receptors on target cells. 

- Originally were called lymphokines because they were initially 
thought to be produced only by lymphocytes. Then monokines
because they were secreted by monocytes and macrophages. 
Then interleukin because they are produced by some 
leukocytes and affect other leukocytes.  The term “cytokine” is 
now used more widely and covers all of the above.

- Don’t forget chemokines, they are also considered cytokines.

- Cytokines act only on cells
bearing specific receptors.

- Expression of cytokines and
their receptors is highly
regulated.

- E.g. IL-2 receptor

Cytokines can act in an:
- Autocrine (same cell), 
- Paracrine (close proximity)
- Endocrine (long distance) 

1. Cytokines are pleiotropic … one cytokine can have
different effects on different cells.

Kuby Fig 12-2a

2. Cytokines can be redundant … different cytokines can
have the same effects.

3. Cytokines can synergize with each other.
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4. Cytokines can antagonize each other.

IgG1

IgG2a 

or 

IgG3

Figure 10.5a

5. Cascade effect, cytokines 
can stimulate the production 
of other cytokines.

Th

Figure 10.5b

6. Cytokines can influence the expression of cytokine
receptors.

Positive Negative

Figure 10.4c

7. Cytokines play key roles in regulating hematopoiesis, 
innate immunity and acquired immunity.

SO…cytokines can have many effects, 

depending on:

- the target cell

- the state of differentiation/activation of the 
target cell

- the presence or absence of other cytokines Cytokine levels in serum 
or in tissue culture 
supernatants can be 
measured with a 

Sandwich ELISA assay. 

Sandwich ELISA
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There are many cytokines, including...

IL-1 IL-2 IL-3 IL-4
IL-5 IL-6 IL-7 IL-8
IL-9 IL-10 IL-11 IL-12
IL-13 IL-15 IL-16 IL-17
IL-18 IL-19 IL-20 IL-21
IL-22 IL-23

IFN-αααα IFN-ββββ IFN-γγγγ

TNF-αααα TNF-ββββ

TGF-ββββ1

M-CSF G-CSF GM-CSF

Four Structural Families

• Hematopoietin Family (IL-2, IL-4)

• Interferon Family (IFN-α, β, γ)

• Chemokine Family

• Tumor necrosis family

Best way to learn 
about 

cytokines…. is 
by their action !!!

Based on structural homology, there are six 
major cytokine receptor families:

- Ig superfamily receptors

- Interferon receptors

- TNF receptor superfamily

- Chemokine receptors

- TGF receptor family

- Hematopoietin receptors (Cytokine receptor 
superfamily)

Kuby Fig 12-6a

Kuby Fig 12-6b

(b)

LIGANDS
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Kuby Fig 12-6c

b

LIGANDS

Fig 12-6d

and others

(d)
LIGANDS

Three subfamilies of the class I 
cytokine receptor family 

(hematopoietin)
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(CD25)

SHARED CYTOKINE RECEPTORS SUBUNITS

Cytokine receptors

• Sharing of signal transducing molecules 

explains the redundancy and antagonism

exhibited by some cytokines

1. Cytokine binds to 
alpha subunit.

2. Association with 
beta subunit.

3. Signal transduction 
through the beta 
subunit

Competition of 
ligand-binding 
chains of 
different 
receptors for a 
common subunit.

This can 
results in 
antagonistic  
effects 
between 
cytokines

IL-2 Receptor

• Composed of 3 subunits: α, β, and γ chains

• IL-2 receptor is present in 3 forms: low, 

medium, and high affinity

• The low affinity (monomeric, IL-2Rα), 

medium affinity (dimeric, IL-2Rαβ), and 

high affinity (trimeric, IL-2Rαβγ)

• Binding component: α chains

• Transducing components: β and γ chains.
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Only in activated 
T cells

A number of cytokine receptors 

signal via the JAK/STAT pathway.

These include the receptors for IL-

2, IL-3, IL-4, IL-6, IL-10, IL-12 and 

IFN-γγγγ.

Cytokine receptor subunits are 

associated with JAK kinases.

1.- Binding of cytokine causes 

dimerization of receptors and 

activation of JAK kinases.

2.- Activated JAK kinases 

phosphorylate receptor sites and 

create docking sites for STAT 

molecules.

JAK = Janus Kinase - OR - Just 

Another Kinase

STAT = Signal Transducers and 

Activators of Transcription

3. After binding to the

receptor (αααα chain), STATs
are phosphorylated.  

4. They then dissociate
from the receptor,

dimerize and translocate
to the nucleus, where
they mediate 
transcription of target
genes.

Kuby Fig 12-10b

Similar JAK/STAT 
signaling in the IL-4 
receptor.

Different receptors associate with different 
JAK/STAT combinations

*

*

*

Other pathways may also 
be involved in cytokine 
signaling.
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Helper T cells can be divided 
into two main types - TH1 and 
TH2 - with distinct patterns of 
cytokine secretion.

TH1 cells produce cytokines (IFN-γγγγ and IL-2) that 
promote immune responses against intracellular 
pathogens (DTH, cytotoxic T cell responses, 
opsonizing Abs).

TH2 cells produce cytokines (IL-4, IL-5, IL-6, IL-13) 
that promote immune responses against 
extracellular pathogens (antibody responses, 
eosinophilic responses, allergic reactions).

Some cytokines are produced by both TH1 and TH2 
cells.  These cytokines - GM-CSF and IL-3 - act on 
the bone marrow to increase production of 
leukocytes - so they are needed no matter what 
type of pathogen is present.

Figure 10.7

TH1/TH2 differentiation is influenced by the levels of key 
cytokines.

- IL-4 promotes TH2 differentiation.

- IFN-γγγγ and IL-12 promotes TH1 differentiation.
IL-12R = β1,β2

Cytokine cross-regulation

• IFN-γ (Th-1) inhibits proliferation of Th-2

• IL-4 and IL-10 (Th-2) inhibits proliferation 

of Th-1 by decreasing IL-12 production

• INF-γ (Th-1) promotes IgG2a production 
and decreases IgE by B cells

• IL-4 (Th-2) promotes production of IgE and 

IgG1 by B cells and decreases IgG2a. 

Cytokine & Diseases

• Bacterial Septic Shock
– Due to several Gram (-) bacteria

– Stimulation of Macrophages by LPS � ↑ TNF-α, IL-1β

– Drop in blood pressure, fever, diarrhea, systemic blood clotting in 
various organs

• Bacterial Toxic Shock
– Caused by superantigens (wide variety of toxins)

– Activation of T cells � ↑ cytokines from T cells and activated MØ

• Infectious Diseases

– Leprosy, Chagas Disease.
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Relative predominance of TH1 vs TH2 helper T cells can influence the 

course of infectious disease (Mycobacterium leprae)

Tuberculoid - ↑ CMI (granulomas)

- No RIP

Lepromatous - ↑ HI (dissemination)

- RIP
Figure 11.19

Neuroendocrine 

regulation

IL-1, IL-6 and TNF-αααα can 
induce production of 
glucocorticoids by acting 
on the hypothalamic-
pituitary-adrenal (HPA) 
axis.

Figure 11.20

Glucocorticoid hormones
can influence ongoing 
immune responses -
particularly suppressing 
inflammatory responses.

Sex hormones also influence 
immune responses - e.g. 
females tend to be more 
prone to autoimmune 
disorders than males.

Stress may suppress Th1 
immune responses.

The End, but interesting 
material next!!

Macrophage activation by Th1 Cells:

Ab?

Macrophage activation by Th2 Cells:

Ab?
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EFFECTOR ROLE OF 
Th1 CELLS:

1) Cytotoxicity

2) ↑ Phagocytosis

3) ↑ opzonizing & 

complement

fixing Abs

EFFECTOR ROLE 
OF Th2 CELLS:

1) IgE production

2) IgA production

3) Eosinophil recruitment

4) Basophil & Mast cell 
recruitment
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Diagnosis and Management  
of Rheumatoid Arthritis
AMY M. WASSERMAN, MD, Boston University School of Medicine, Boston, Massachusetts

 R
heumatoid arthritis (RA) is the 
most common inflammatory 
arthritis, with a lifetime preva-
lence of up to 1 percent world-

wide.1 Onset can occur at any age, but peaks 
between 30 and 50 years.2 Disability is com-
mon and significant. In a large U.S. cohort, 
35 percent of patients with RA had work dis-
ability after 10 years.3

Etiology and Pathophysiology
Like many autoimmune diseases, the etiol-
ogy of RA is multifactorial. Genetic suscep-
tibility is evident in familial clustering and 
monozygotic twin studies, with 50 percent 
of RA risk attributable to genetic factors.4 
Genetic associations for RA include human 
leukocyte antigen-DR45 and -DRB1, and a 
variety of alleles called the shared epitope.6,7 
Genome-wide association studies have iden-
tified additional genetic signatures that 
increase the risk of RA and other autoim-
mune diseases, including STAT4 gene and 
CD40 locus.5 Smoking is the major environ-
mental trigger for RA, especially in those 
with a genetic predisposition.8 Although 
infections may unmask an autoimmune 

response, no particular pathogen has been 
proven to cause RA.9

RA is characterized by inflammatory path-
ways that lead to proliferation of synovial 
cells in joints. Subsequent pannus formation 
may lead to underlying cartilage destruction 
and bony erosions. Overproduction of pro-
inflammatory cytokines, including tumor 
necrosis factor (TNF) and interleukin-6, 
drives the destructive process.10

RISK FACTORS

Older age, a family history of the disease, 
and female sex are associated with increased 
risk of RA, although the sex differential is 
less prominent in older patients.1 Both cur-
rent and prior cigarette smoking increases 
the risk of RA (relative risk [RR] = 1.4, up to 
2.2 for more than 40-pack-year smokers).11 

Pregnancy often causes RA remission, 
likely because of immunologic tolerance.12 
Parity may have long-lasting impact; RA is 
less likely to be diagnosed in parous women 
than in nulliparous women (RR = 0.61).13,14 
Breastfeeding decreases the risk of RA 
(RR = 0.5 in women who breastfeed for at 
least 24 months), whereas early menarche  

Rheumatoid arthritis is the most commonly diagnosed systemic inflammatory arthritis. Women, smokers, and those 
with a family history of the disease are most often affected. Criteria for diagnosis include having at least one joint with 
definite swelling that is not explained by another disease. The likelihood of a rheumatoid arthritis diagnosis increases 
with the number of small joints involved. In a patient with inflammatory arthritis, the presence of a rheumatoid factor 
or anti-citrullinated protein antibody, or elevated C-reactive protein level or erythrocyte sedimentation rate suggests 
a diagnosis of rheumatoid arthritis. Initial laboratory evaluation should also include complete blood count with dif-
ferential and assessment of renal and hepatic function. Patients taking biologic agents should be tested for hepatitis B,  
hepatitis C, and tuberculosis. Earlier diagnosis of rheumatoid arthritis allows for earlier treatment with disease-
modifying antirheumatic agents. Combinations of medications are often used to control the disease. Methotrexate 
is typically the first-line drug for rheumatoid arthritis. Biologic agents, such as tumor necrosis factor inhibitors, are 
generally considered second-line agents or can be added for dual therapy. The goals of treatment include minimiza-
tion of joint pain and swelling, prevention of radiographic damage and visible deformity, and continuation of work 
and personal activities. Joint replacement is indicated for patients with severe joint damage whose symptoms are 
poorly controlled by medical management. (Am Fam Physician. 2011;84(11):1245-1252. Copyright © 2011 American 
Academy of Family Physicians.)

▲

 Patient information: 
A handout on this topic is 
available at http://family 
doctor.org/876.

Downloaded from the American Family Physician Web site at www.aafp.org/afp. Copyright © 2011 American Academy of Family Physicians. For the private, noncommercial 
use of one individual user of the Web site. All other rights reserved. Contact copyrights@aafp.org for copyright questions and/or permission requests.
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(RR = 1.3 for those with menarche at  
10 years of age or younger) and very irregular 
menstrual periods (RR = 1.5) increase risk.14 
Use of oral contraceptive pills or vitamin E 
does not affect RA risk.15

Diagnosis 
TYPICAL PRESENTATION

Patients with RA typically present with pain 
and stiffness in multiple joints. The wrists, 
proximal interphalangeal joints, and meta-
carpophalangeal joints are most commonly 
involved. Morning stiffness lasting more 
than one hour suggests an inflammatory eti-
ology. Boggy swelling due to synovitis may 
be visible (Figure 1), or subtle synovial thick-
ening may be palpable on joint examination. 
Patients may also present with more indo-
lent arthralgias before the onset of clinically 
apparent joint swelling. Systemic symptoms 
of fatigue, weight loss, and low-grade fever 
may occur with active disease.

DIAGNOSTIC CRITERIA

In 2010, the American College of Rheu-
matology and European League Against 
Rheumatism collaborated to create new 
classification criteria for RA (Table 1).16 The 
new criteria are an effort to diagnose RA ear-
lier in patients who may not meet the 1987 
American College of Rheumatology clas-
sification criteria. The 2010 criteria do not 
include presence of rheumatoid nodules or 
radiographic erosive changes, both of which 
are less likely in early RA. Symmetric arthri-
tis is also not required in the 2010 criteria, 
allowing for early asymmetric presentation.

In addition, Dutch researchers have devel-
oped and validated a clinical prediction rule 
for RA (Table 2).17,18 The purpose of this rule 
is to help identify patients with undifferenti-
ated arthritis that is most likely to progress 
to RA, and to guide follow-up and referral. 

DIAGNOSTIC TESTS

Autoimmune diseases such as RA are often 
characterized by the presence of autoanti-
bodies. Rheumatoid factor is not specific for 
RA and may be present in patients with other 
diseases, such as hepatitis C, and in healthy 
older persons. Anti-citrullinated protein 
antibody is more specific for RA and may 
play a role in disease pathogenesis.6 Approxi-
mately 50 to 80 percent of persons with RA 
have rheumatoid factor, anti-citrullinated 
protein antibody, or both.10 Patients with RA 
may have a positive antinuclear antibody test 
result, and the test is of prognostic impor-
tance in juvenile forms of this disease.19 
C-reactive protein levels and erythrocyte 
sedimentation rate are often increased with 
active RA, and these acute phase reactants 
are part of the new RA classification criteria.16 
C-reactive protein levels and erythrocyte 
sedimentation rate may also be used to follow 
disease activity and response to medication.

Baseline complete blood count with 
differential and assessment of renal and 
hepatic function are helpful because the 
results may influence treatment options 
(e.g., a patient with renal insufficiency or 
significant thrombocytopenia likely would 
not be prescribed a nonsteroidal anti-
inflammatory drug [NSAID]). Mild anemia 
of chronic disease occurs in 33 to 60 percent 
of all patients with RA,20 although gastro-
intestinal blood loss should also be consid-
ered in patients taking corticosteroids or 
NSAIDs. Methotrexate is contraindicated in 
patients with hepatic disease, such as hepa-
titis C, and in patients with significant renal 
impairment.21 Biologic therapy, such as a 
TNF inhibitor, requires a negative tubercu-
lin test or treatment for latent tuberculosis. 
Hepatitis B reactivation can also occur with 
TNF inhibitor use.22 Radiography of hands 
and feet should be performed to evaluate for 
characteristic periarticular erosive changes, 

Figure  1. Boggy swelling in proximal interphalangeal and metacar-
pophalangeal joints (more prominent on patient’s right hand) in a 
patient with new-onset rheumatoid arthritis. Note that with joint 
swelling, the skin creases over the proximal interphalangeal joints 
become less apparent. 
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Table 1. The 2010 American College of Rheumatology/European League 
Against Rheumatism Classification Criteria for RA

 Score

Target population (who should be tested?): patients who

1) have at least one joint with definite clinical synovitis (swelling)*

2) with the synovitis not better explained by another disease†
Classification criteria for RA (score-based algorithm: add score of categories A through D;  

a score of ≥ 6 out of 10 is needed for classification of a patient as having definite RA)‡

 

A. Joint involvement§  

One large joint|| 0

Two to 10 large joints 1

One to three small joints (with or without involvement of large joints)¶ 2

Four to 10 small joints (with or without involvement of large joints) 3

 > 10 joints (at least one small joint)** 5

B. Serology (at least one test result is needed for classification)††  

Negative RF and negative ACPA 0

Low positive RF or low positive ACPA 2

High positive RF or high positive ACPA 3

C.  Acute phase reactants (at least one test result is needed for classification)‡‡  

Normal CRP and normal ESR  0

Abnormal CRP or normal ESR  1

D. Duration of symptoms§§  

< six weeks 0

≥ six weeks 1

ACPA = anti-citrullinated protein antibody; CRP = C-reactive protein; ESR = erythrocyte sedimentation rate;  
RA = rheumatoid arthritis. 

*—The criteria are aimed at classification of newly presenting patients. In addition, patients with erosive disease typi-
cal of RA with a history compatible with prior fulfillment of the 2010 criteria should be classified as having RA. Patients 
with long-standing disease, including those whose disease is inactive (with or without treatment), who, based on 
retrospectively available data, have previously fulfilled the 2010 criteria should be classified as having RA.

†—Differential diagnoses differ in patients with different presentations, but may include conditions such as systemic 
lupus erythematosus, psoriatic arthritis, and gout. If it is unclear about the relevant differential diagnoses to consider, 
an expert rheumatologist should be consulted.

‡—Although patients with a score of less than 6 out of 10 are not classifiable as having RA, their status can be 
re assessed, and the criteria might be fulfilled cumulatively over time.

§—Joint involvement refers to any swollen or tender joint on examination, which may be confirmed by imaging 
evidence of synovitis. Distal interphalangeal joints, first carpometacarpal joints, and first metatarsophalangeal joints 
are excluded from assessment. Categories of joint distribution are classified according to the location and number of 
involved joints, with placement into the highest category possible based on the pattern of joint involvement.

||—“Large joints” refers to shoulders, elbows, hips, knees, and ankles.

¶—“Small joints” refers to the metacarpophalangeal joints, proximal interphalangeal joints, second to fifth metatar-
sophalangeal joints, thumb interphalangeal joints, and wrists.

**—In this category, at least one of the involved joints must be a small joint; the other joints can include any combi-
nation of large and additional small joints, as well as other joints not specifically listed elsewhere (e.g., temporoman-
dibular, acromioclavicular, sternoclavicular).

††—Negative refers to international unit values that are less than or equal to the upper limit of normal for the 
laboratory and assay; low positive refers to international unit values that are higher than the upper limit of normal 
but three or less times the upper limit of normal for the laboratory and assay; high positive refers to international 
unit values that are more than three times the upper limit of normal for the laboratory and assay. When rheumatoid 
factor information is only available as positive or negative, a positive result should be scored as low positive for 
rheumatoid factor.

‡‡—Normal/abnormal is determined by local laboratory standards.

§§—Duration of symptoms refers to patient self-report of the duration of signs or symptoms of synovitis (e.g., pain, 
swelling, tenderness) of joints that are clinically involved at the time of assessment, regardless of treatment status.

Adapted with permission from Aletaha D, Neogi T, Silman AJ, et al. 2010 rheumatoid arthritis classification criteria: an 
American College of Rheumatology/European League Against Rheumatism collaborative initiative [published correc-
tion appears in Ann Rheum Dis. 2010;69(10):1892]. Ann Rheum Dis. 2010;69(9):1583.
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which may be indicative of a more aggres-
sive RA subtype.10

DIFFERENTIAL DIAGNOSIS

Skin findings suggest systemic lupus ery-
thematosus, systemic sclerosis, or psoriatic 
arthritis. Polymyalgia rheumatica should be 
considered in an older patient with symp-
toms primarily in the shoulder and hip, and 
the patient should be asked questions related 
to associated temporal arteritis. 

Chest radiography is helpful to evaluate 
for sarcoidosis as an etiology of arthritis. 

Patients with inflammatory back symptoms, 
a history of inflammatory bowel disease, or 
inflammatory eye disease may have spon-
dyloarthropathy. Persons with less than six 
weeks of symptoms may have a viral process, 
such as parvovirus. Recurrent self-limited 
episodes of acute joint swelling suggest crys-
tal arthropathy, and arthrocentesis should be 
performed to evaluate for monosodium urate 
monohydrate or calcium pyrophosphate 
dihydrate crystals. The presence of numerous 
myofascial trigger points and somatic symp-
toms may suggest fibromyalgia, which can 
coexist with RA. To help guide diagnosis and 
determine treatment strategy, patients with 
inflammatory arthritis should be promptly 
referred to a rheumatology subspecialist.16,17

Treatment
After RA has been diagnosed and an initial 
evaluation performed, treatment should 
begin. Recent guidelines have addressed the 
management of RA,21,22 but patient prefer-
ence also plays an important role. There 
are special considerations for women of 
childbearing age because many medications 
have deleterious effects on pregnancy. Goals 
of therapy include minimizing joint pain 
and swelling, preventing deformity (such 
as ulnar deviation) and radiographic dam-
age (such as erosions), maintaining quality 
of life (personal and work), and controlling 
extra-articular manifestations. Disease-
modifying antirheumatic drugs (DMARDs) 
are the mainstay of RA therapy.

DMARDS

DMARDs can be biologic or nonbiologic 
(Table 3).23 Biologic agents include monoclo-
nal antibodies and recombinant receptors to 
block cytokines that promote the inflamma-
tory cascade responsible for RA symptoms. 
Methotrexate is recommended as the first-
line treatment in patients with active RA, 
unless contraindicated or not tolerated.21 
Leflunomide (Arava) may be used as an 
alternative to methotrexate, although gastro-
intestinal adverse effects are more common. 
Sulfasalazine (Azulfidine) or hydroxychlo-
roquine (Plaquenil) is recommended as 
monotherapy in patients with low disease 

Table 2. Clinical Rule for Predicting the Risk of RA in 
Patients with Undifferentiated Arthritis

Patient characteristics Points

Age Years × 0.02

Female sex 1.0

Distribution of affected joints (patients may receive points 
for more than one item)

 

Small joints of hands or feet 0.5

Symmetric 0.5

Upper extremities 1.0

Upper and lower extremities 1.5

Score for morning stiffness on a 100-mm visual analog scale  

26 to 90 mm 1.0

> 90 mm 2.0

Number of tender joints  

Four to 10 0.5

≥ 11 1.0

Number of swollen joints  

Four to 10 0.5

≥ 11 1.0

C-reactive protein level  

5 to 50 mg per L (47.62 to 476.20 nmol per L) 0.5

≥ 51 mg per L (485.72 nmol per L) 1.5

Positive for rheumatoid factor 1.0

Positive for anti-citrullinated protein antibody 2.0

Total: ________

Score*
Number  
with RA

Number 
without RA

Likelihood  
ratio

Percentage with  
RA at one year

0 to 3.5 0 109 0 0

3.51 to 6.5 41 214 0.42 16

6.51 to 8.5 71 53 3.0 57

≥ 8.51 63 11 12.7 85

RA = rheumatoid arthritis.

*—Score rounded to the nearest number ending in 0 or 0.5. 

Adapted with permission from van der Helm-van Mil AH, le Cessie S, van Dongen H, 
et al. A prediction rule for disease outcome in patients with recent-onset undiffer-
entiated arthritis. Arthritis Rheum. 2007;56(2):436, with scoring information from 
reference 18.
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activity or without poor prognostic features 
(e.g., seronegative, nonerosive RA).21,22

Combination therapy with two or more 
DMARDs is more effective than monother-
apy; however, adverse effects may also be 
greater.24 If RA is not well controlled with a 
nonbiologic DMARD, a biologic DMARD 
should be initiated.21,22 TNF inhibitors are the 
first-line biologic therapy and are the most 
studied of these agents. If TNF inhibitors 
are ineffective, additional biologic therapies 
can be considered. Simultaneous use of more 
than one biologic therapy (e.g., adalimumab 
[Humira] with abatacept [Orencia]) is not 

recommended because of an unacceptable 
rate of adverse effects.21

NSAIDS AND CORTICOSTEROIDS

Drug therapy for RA may involve NSAIDs 
and oral, intramuscular, or intra-articular 
corticosteroids for controlling pain and 
inflammation. Ideally, NSAIDs and cortico-
steroids are used only for short-term manage-
ment.  DMARDs are the preferred therapy.21,22

COMPLEMENTARY THERAPIES

Dietary interventions, including vegetar-
ian and Mediterranean diets, have been 

Table 3. Biologic and Nonbiologic Disease-Modifying Antirheumatic Drugs 

Drug* Mechanism for rheumatoid arthritis Adverse effects
Monthly  
cost†

Nonbiologic 

More commonly used    

Methotrexate Inhibits dihydrofolate reductase Liver effects, teratogenesis, hair loss, oral ulcers $

Leflunomide (Arava) Inhibits pyrimidine synthesis Liver effects, gastrointestinal effects, teratogenesis $

Hydroxychloroquine (Plaquenil) Antimalarial, blocks toll-like receptors Rare ocular toxicity $$

Sulfasalazine (Azulfidine) Folate depletion, other mechanisms 
unknown 

Anemia in G6PD deficiency, gastrointestinal 
effects

$

Minocycline (Minocin) Antimicrobial, other mechanisms  
unknown 

Drug-induced lupus erythematosus, Clostridium 
difficile colitis

$

Less commonly used    

Gold sodium thiomalate Inhibits antigen processing, decreases 
cytokines (TNF, interleukin-6)

Skin, heme, renal effects $$

Penicillamine (Cuprimine) Chelates metal, other mechanisms 
unknown 

Heme, renal effects $$

Cyclophosphamide Nitrogen mustard alkylating agent,  
cross-links DNA

Infertility, cancer, hemorrhagic cystitis $$

Cyclosporine (Sandimmune) Calcineurin inhibitor, decreases 
interleukin-2

Hypertension, renal effects, hirsutism $$

Biologic     

Anti-TNF agents    

Adalimumab (Humira) Anti-TNF-α TB, opportunistic infection $$$

Certolizumab pegol (Cimzia) Anti-TNF-α, pegylated TB, opportunistic infection $$$

Etanercept (Enbrel) Anti-TNF-α, receptor TB, opportunistic infection $$$

Golimumab (Simponi) Anti-TNF-α TB, opportunistic infection $$$

Infliximab (Remicade) Anti-TNF-α TB, opportunistic infection, infusion reaction $$$

Other biologic agents    

Abatacept (Orencia) Costimulator blocker, cytotoxic T 
lymphocyte antigen 4

Opportunistic infection $$$

Anakinra (Kineret) Anti-interleukin-1 receptor blocker Opportunistic infection, injection site pain $$$

Rituximab (Rituxan) Anti-CD20, eliminates B cells Infusion reaction, opportunistic infection, 
progressive multifocal leukoencephalopathy

$$$$

Tocilizumab (Actemra) Anti-interleukin-6 receptor blocker Opportunistic infection $$$

G6PD = glucose-6-phosphate dehydrogenase; TB = tuberculosis; TNF = tumor necrosis factor. 

*—Nonbiologic drugs listed in approximate order of priority, biologic drugs listed in alphabetical order.
†—$ = $30 to $100; $$ = $100 to $1,000; $$$ = $1,000 to $5,000; $$$$ = more than $5,000.

Information from reference 23.
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studied in the treatment of RA without 
convincing evidence of benefit.25,26 Despite 
some favorable outcomes, there is a lack 
of evidence for the effectiveness of acu-
puncture in placebo-controlled trials of 
patients with RA.27,28 In addition, thermo-
therapy and therapeutic ultrasound for RA 
have not been studied adequately.29,30 A 
Cochrane review of herbal treatments for 
RA concluded that gamma-linolenic acid 
(from evening primrose or black currant 
seed oil) and Tripterygium wilfordii (thun-
der god vine) have potential benefits.31 It is 
important to inform patients that serious 
adverse effects have been reported with use 
of herbal therapy.31

EXERCISE AND PHYSICAL THERAPY

Results of randomized controlled trials sup-
port physical exercise to improve quality 
of life and muscle strength in patients with 
RA.32,33 Exercise training programs have not 
been shown to have deleterious effects on RA 
disease activity, pain scores, or radiographic 
joint damage.34 Tai chi has been shown to 
improve ankle range of motion in persons 
with RA, although randomized trials are 
limited.35 Randomized controlled trials of 
Iyengar yoga in young adults with RA are 
underway.36

DURATION OF TREATMENT

Remission is obtainable in 10 to 50 percent 
of patients with RA, depending on how 
remission is defined and the intensity of 
therapy.10 Remission is more likely in males, 
nonsmokers, persons younger than 40 years, 
and in those with late-onset disease (patients 
older than 65 years), with shorter dura-
tion of disease, with milder disease activity, 
without elevated acute phase reactants, and 
without positive rheumatoid factor or anti- 
citrullinated protein antibody findings.37 

After the disease is controlled, medication 
dosages may be cautiously decreased to the 
minimum amount necessary. Patients will 
require frequent monitoring to ensure stable 
symptoms, and prompt increase in medica-
tion is recommended with disease flare-ups.22

JOINT REPLACEMENT

Joint replacement is indicated when there is 
severe joint damage and unsatisfactory con-
trol of symptoms with medical management. 
Long-term outcomes are good, with only 4 to 
13 percent of large joint replacements requir-
ing revision within 10 years.38 The hip and 
knee are the most commonly replaced joints.

Long-term Monitoring
Although RA is considered a disease of the 
joints, it is also a systemic disease capable 
of involving multiple organ systems. Extra-
articular manifestations of RA are included 
in Table 4.1,2,10 

Patients with RA have a twofold increased 
risk of lymphoma, which is thought to be 
caused by the underlying inflammatory 

Table 4. Extra-Articular Manifestations of RA

Manifestation Characteristics

Cardiac  

Accelerated 
atherosclerosis

Leading cause of death in patients with RA

Pericarditis Present in 30 to 50 percent of persons with RA on 
autopsy, rarely leads to tamponade

Eye  

Episcleritis/scleritis Acute, red, painful eye; occurs in less than 1 percent  
of patients with RA

Keratoconjunctivitis 
sicca

Secondary Sjögren syndrome, dry mouth may also 
occur

Peripheral ulcerative 
keratitis

More severe scleritis, if untreated can perforate  
anterior chamber

Hematologic  

Amyloidosis Caused by chronic inflammation

Felty syndrome Splenomegaly, neutropenia, and thrombocytopenia

Nervous system  

Cervical myelopathy Caused by C1-C2 subluxation, seen on flexion-
extension radiography

Neuropathy Carpal tunnel, mononeuritis multiplex (foot drop)

Pulmonary  

Caplan syndrome Nodules and pneumoconiosis (e.g., in coal miners)

Interstitial lung 
disease

May resemble bronchiolitis obliterans with organizing 
pneumonia, idiopathic pulmonary fibrosis, patient 
may also have pulmonary arterial hypertension

Pleural effusion Exudative effusion with markedly low glucose level

Pulmonary nodules Can be asymptomatic

Skin  

Rheumatoid 
nodules

Firm or rubbery, located on pressure areas  
(e.g., olecranon)

Vasculitis Poor prognosis, increased mortality, rare but occurs 
with severe RA (i.e., erosive, deforming, and 
seropositive disease)

RA = rheumatoid arthritis.

Information from references 1, 2, and 10.
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process, and not a consequence of medical 
treatment.39 Patients with RA are also at an 
increased risk of coronary artery disease, and 
physicians should work with patients to mod-
ify risk factors, such as smoking, high blood 
pressure, and high cholesterol.40,41 Class III or 
IV congestive heart failure (CHF) is a contra-
indication for using  TNF inhibitors, which 
can worsen CHF outcomes.21 In patients with 
RA and malignancy, caution is needed with 
continued use of DMARDs, especially TNF 
inhibitors. Biologic DMARDs, methotrex-
ate, and leflunomide should not be initiated 
in patients with active herpes zoster, signifi-
cant fungal infection, or bacterial infection 
requiring antibiotics.21 Complications of RA 
and its treatments are listed in Table 5.1,2,10

Prognosis
Patients with RA live three to 12 years less 
than the general population.40 Increased mor-
tality in these patients is mainly due to accel-
erated cardiovascular disease, especially in 
those with high disease activity and chronic 
inflammation. The relatively new biologic 
therapies may reverse progression of athero-
sclerosis and extend life in those with RA.41

Data Sources: A PubMed search was completed in 
Clinical Queries using the key terms rheumatoid arthritis, 
extra-articular manifestations, and disease-modifying 
antirheumatic agents. The search included meta-analyses, 
randomized controlled trials, clinical trials, and reviews. 
Also searched were the Agency for Healthcare Research 
and Quality evidence reports, Clinical Evidence, the 
Cochrane database, Essential Evidence, and UpToDate. 
Search date: September 20, 2010.
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Types of Vaccine 

          There are several different types of vaccines. Each type is designed to teach your 

immune system how to fight off certain kinds of germs and the serious diseases they cause. 

When scientists create vaccines, they consider: 

 How your immune system responds to the germ 

 Who needs to be vaccinated against the germ 

 The best technology or approach to create the vaccine 

         Based on a number of these factors, scientists decide which type of vaccine they will 

make. There are 4 main types of vaccines: 

1. Live-attenuated vaccines 

2. Inactivated vaccines 

3. Subunit, recombinant, polysaccharide, and conjugate vaccines 

4. Toxoid vaccines 

1. Live attenuated vaccines 

          Live vaccines use a weakened (or attenuated) form of the germ that causes a disease. 

Because these vaccines are so similar to the natural infection that they help prevent, they 

create a strong and long-lasting immune response. Just 1 or 2 doses of most live vaccines can 

give you a lifetime of protection against a germ and the disease it causes. 

But live vaccines also have some limitations. For example: 

A. Because they contain a small amount of the weakened live virus, some people should 

talk to their health care provider before receiving them, such as people with weakened 

immune systems, long-term health problems, or people who’ve had an organ 

transplant. 

B. They need to be kept cool, so they don’t travel well. That means they can’t be used in 

countries with limited access to refrigerators. 

Live vaccines are used to protect against: 

1. Measles, mumps, rubella (MMR combined vaccine) 

2. Rotavirus 

3. Smallpox 

4. Chickenpox 

5. Yellow fever 

6. Shingles 

2. Inactivated vaccines 

Inactivated vaccines use the killed version of the germ that causes a disease. Inactivated 

vaccines usually don’t provide immunity (protection) that’s as strong as live vaccines. So you 

https://www.vaccines.gov/diseases/measles/index.html
https://www.vaccines.gov/diseases/mumps/index.html
https://www.vaccines.gov/diseases/rubella/index.html
https://www.vaccines.gov/diseases/rotavirus/index.html
https://www.cdc.gov/smallpox/vaccine-basics/index.html
https://www.vaccines.gov/diseases/chickenpox/index.html
https://www.vaccines.gov/diseases/yellow_fever/index.html
https://www.vaccines.gov/diseases/shingles/index.html


may need several doses over time (booster shots) in order to get ongoing immunity against 

diseases. 

Inactivated vaccines are used to protect against: 

1. Hepatitis A 

2. Flu (shot only) 

3. Polio (shot only) 

4. Rabies 

3. Subunit, recombinant, polysaccharide, and conjugate vaccines 

         Subunit, recombinant, polysaccharide, and conjugate vaccines use specific pieces of the 

germ like its protein, sugar, or capsid (a casing around the germ). Because these vaccines use 

only specific pieces of the germ, they give a very strong immune response that’s targeted to 

key parts of the germ. They can also be used on almost everyone who needs them, including 

people with weakened immune systems and long-term health problems. 

One limitation of these vaccines is that you may need booster shots to get ongoing protection 

against diseases. 

These vaccines are used to protect against: 

1. Hib (Haemophilus influenzae type b) disease 

2. Hepatitis B 

3. HPV (Human papilloma virus) 

4. Whooping cough (part of the DTaP combined vaccine) 

5. Pneumococcal disease 

6. Meningococcal disease 

4. Toxoid vaccines 

          Toxoid vaccines use a toxin (harmful product) made by the germ that causes a disease. 

They create immunity to the parts of the germ that cause a disease instead of the germ itself. 

That means the immune response is targeted to the toxin instead of the whole germ. Like 

some other types of vaccines, you may need booster shots to get ongoing protection against 

diseases. 

Toxoid vaccines are used to protect against: 

1. Diphtheria  

2. Tetanus 

 

https://www.vaccines.gov/diseases/hepatitis_a/index.html
https://www.vaccines.gov/diseases/flu/index.html
https://www.vaccines.gov/diseases/polio/index.html
https://www.vaccines.gov/diseases/rabies/index.html
https://www.vaccines.gov/diseases/hib/index.html
https://www.vaccines.gov/diseases/hepatitis_b/index.html
https://www.vaccines.gov/diseases/hpv/index.html
https://www.vaccines.gov/diseases/pertussis/index.html
https://www.vaccines.gov/diseases/pneumonia/index.html
https://www.vaccines.gov/diseases/meningitis/index.html
https://www.vaccines.gov/diseases/diphtheria/index.html
https://www.vaccines.gov/diseases/tetanus/index.html
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