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Monocyte Derived Interleukin (IL)-23 Is an Important
Determinant of Synovial IL-17A Expression in
Rheumatoid Arthritis
LISA K. STAMP, ANDREA EASSON, LINDA PETTERSSON, JOHN HIGHTON, and PAUL A. HESSIAN

ABSTRACT. Objective. To demonstrate gene expression of interleukin (IL)-17A, IL-23, and IL-12 and to deter-

mine the proximity of IL-17A and IL-23 producing cells in rheumatoid synovial tissue.

Methods. Total RNA was isolated from 25 synovial membranes obtained from 20 patients with

rheumatoid arthritis (RA). Quantitative real-time polymerase chain reaction was used to measure

IL-17A, IL-12p35, IL-23p19, p40, and GAPDH expression. Immunohistochemistry was utilized to

determine cell type and proximity of IL-17A, IL-12, and IL-23 in rheumatoid synovium.

Results. IL-17A was present in 13/25 synovia. IL-12p35 was present in all samples while IL-23p19

was present in 23/25. p40 was present in 23/25 samples. Of the 2 p40– samples both were IL-23p19

and IL-12p35 positive. Mean expression of IL-23p19 was significantly higher in the IL-17A+ ver-

sus IL-17A– synovia (0.10 ± 0.02 ng vs 0.05 ± 0.01 ng; p < 0.05). There was no difference in IL-

12p35 expression between IL-17A+ and IL-17A– synovia (0.5 ± 0.21 ng vs 0.38 ± 0.24 ng; p = 0.2).

All IL-17A+ cells were in the vicinity of IL-23+ cells. IL-12+ cells were both close to and removed

from IL-17A+ cells. Only a proportion of CD3+T cells appeared to produce IL-17A. 

Conclusion. IL-17A gene expression occurs in only a subset of rheumatoid synovial membranes.

IL-23 gene expression is higher in IL-17A+ versus IL-17A– membranes. In keeping with this,

IL-17A+ and IL-23+ cells colocalize in synovial membranes. IL-17 is not an absolute requirement

in RA but may be important in amplifying the inflammatory response. Anti-IL23 therapies may have

a role in those patients with IL-17A expression. (J Rheumatol First Release Oct 1 2009; doi:10.3899/

jrheum.081304)
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Rheumatoid arthritis (RA) is a heterogeneous disease rang-

ing from mild inflammation with little joint damage to a

crippling arthritis with severe joint destruction. The primary

lesion in RA occurs in the synovium, which contains inflam-

matory cells including monocytes/macrophages, B, and T

cells. These cells produce an array of proinflammatory

cytokines and proteolytic enzymes that ultimately lead to

bone and cartilage damage and joint destruction. 

The interleukin (IL)-17 family is a family of cytokines

composed of 6 members, IL-17A-F. Of these, IL-17A is the

best described in association with RA and has been reported

to be present in 28-80% of synovial membranes1,2. IL-17A

has a number of proinflammatory actions both directly and

through synergy with IL-1ß and tumor necrosis factor

(TNF)-α. These include stimulating production of IL-6,

IL-8, IL-1ß, TNF-α, and prostaglandin E2 by monocytes/

macrophages and synoviocytes, inducing expression of

matrix metalloproteinases, stimulating osteoclast precur-

sors, inhibiting proteoglycan synthesis, and increasing

expression of receptor activator of nuclear factor-κB

(RANK) and RANK ligand (RANKL), thereby promoting

osteoclast-mediated bone destruction. In murine models,

inhibition of IL-17A with neutralizing antibodies has been

shown to suppress the onset of experimentally induced

arthritis, reduce the severity of the arthritis, and reduce syn-

ovial RANKL mRNA expression and bone erosion. Thus

IL-17 appears to link inflammation and bone erosion in RA.

A specific subset of IL-17A– producing T helper cells

(Th17 cells) has been identified. In murine models, devel-

opment of Th17 cells is promoted through the action of IL-6

and transforming growth factor (TGF)-ß on naïve murine

CD4+ T cells, while IL-23 is important in maintenance and
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expansion of Th17 cells3. In contrast, interferon (IFN)-γ,

IL-2, IL-4, IL-25, and IL-27 inhibit the development of

murine Th17 cells4. 

While the mechanisms leading to human Th17 cell devel-

opment and IL-17A production have not been fully eluci-

dated, it has become clear that the key human cytokines dif-

fer from those driving the murine IL-17 system. IL-12 and

IL-23 are members of the IL-12 cytokine family. IL-23 con-

sists of a unique p19 subunit and a p40 subunit shared with

IL-12. IL-23 has an important role in Th17 cell differentia-

tion and IL-17A production in humans5,6. In comparison,

IL-12, which consists of a unique p35 subunit and the p40

subunit shared with IL-23, inhibits IL-17A production6.

IL-1ß, IL-6, and TGF-ß have also been implicated in Th17

cell differentiation in humans7.

It remains unclear why some patients with RA develop

more severe and more destructive disease compared to

 others. The ability to predict which patients will develop

more severe disease at the time of diagnosis remains one of

the current challenges in the management of RA. It has been

reported that synovial membrane mRNA levels of IL-1ß,

TNF-α, IL-17A, and IL-10 are predictive of progressive

joint damage over 2 years. Further, IL-17A and TNF-α were

synergistic and the effects of these 2 cytokines were more

pronounced with shorter disease duration1. Thus IL-17A

appears to have an important proinflammatory and joint

destructive effect in RA and may amplify the effects of

TNF-α.

The aim of our study was to measure IL-17A gene

expression in synovial membranes from patients with RA,

and to determine corresponding levels of IL-23 and IL-12

gene expression in synovial membranes with and without

IL-17A. In addition we wished to identify those cells pro-

ducing IL-17A and IL-23 and their relative proximity to

each other within the synovial membrane. 

MATERIALS AND METHODS

Ethical approval was obtained from the New Zealand Multiregional Ethics

Committee. We obtained 25 synovial samples from 20 patients fulfilling

American College of Rheumatology (ACR) criteria for RA undergoing

joint surgery8. 

Cytokine gene expression. At the time of surgery synovial samples were

either placed in RNAlater (Ambion, Austin, TX, USA) for short-term stor-

age, or divided and immediately snap frozen in liquid nitrogen for longterm

storage. Total RNA was extracted from 50–100 mg of synovial tissue using

Qiagen RNeasy mini kits (Qiagen, Hilden, Germany). Extracted RNA was

stored at  –80°C. 0.5-1 µg of RNA was reverse transcribed at 42°C for 50

min using Superscript II (Life Technologies, Carlsbad, CA) and Oligo

(dT)12–18 primers. Quantitative real-time polymerase chain reaction (PCR)

was undertaken using Taqman gene expression assays (Applied

Biosystems, Foster City, CA) for IL-17A, IL-12p35, IL-23p19, p40, and

GAPDH. Analysis of each sample was undertaken in triplicate and results

expressed as the mean ng ± standard deviation (SD) of the gene of interest

relative to the mean ng of GAPDH RNA expression.

Immunohistochemistry. The presence of IL-17A, IL-23, or IL-12 protein

was assessed using commercially available rabbit (anti-IL-23; AbD

Serotec, Kidlington, UK) or goat (IL-17A and IL-12; R&D Systems,

Minneapolis, MN, USA) antibodies optimally diluted in RPMI-1640 con-

taining 10% heat inactivated fetal calf serum (FCS) and 100 ug/ml sheep

(anti-IL-23) or rabbit (anti-IL-17A and anti-IL-12) immunoglobulins.

Consecutive cryostat sections of synovial tissue were incubated with these

primary antibodies for 3 h, then washed with three 5-min incubations in

phosphate buffered saline (PBS). Endogenous peroxidase activity was

blocked with 30 min incubation in 0.3% H2O2 followed by application of

species-specific secondary antibodies [anti-rabbit Ig (Dako, Glostrup,

Denmark) or anti-goat Igs] for 2 h. Following a further wash sequence,

bound antibody was detected using 3, 3’-diaminobenzidine (DAB) sub-

strate. All sections were counterstained with hemotoxylin before mounting

in DPX. To identify various cell types responsible for the production of

IL-17A and IL-23, consecutive sections were stained with monoclonal anti-

bodies recognizing either T cells (anti-CD3; Dako), monocyte/

macrophages (anti-CD14; clone FMC17, inhouse clone), dendritic cells

(antibody CMRF44; courtesy of Derek Hart, Brisbane), or B cells

(anti-CD20; Dako). Monoclonal antibodies were detected with rabbit anti-

mouse Ig (Dako) and DAB substrate as described above. 

Statistics. Values were compared using a Student’s t test and correlations

using a Spearman test.

RESULTS

Details of the patients are shown in Table 1. From the 20

patients, 9 synovia were IL-17A+, 10 were IL-17A–, and the

remaining 2 synovia, from a single patient, were IL-17A+

and IL-17A–, respectively (Table 1). 

IL-17A only expressed in a subset of rheumatoid synovial

tissue samples. Of the 25 synovial samples, 13 (52%) were

positive for IL-17A gene expression. The mean ± SD

expression of IL-17A in the positive samples was 0.10 ±

0.08 ng (range 0.012–0.26 ng).

Five patients provided 2 synovial samples. Of these, 2

patients had samples from different sites obtained on the

same day. In one case both samples were positive for

IL-17A and in the other, both samples were IL-17A–. Two

patients had serial synovial samples, obtained 5 years and 14

months apart; all were positive. In the final case, the initial

sample was IL-17A– while the second sample obtained 5

months later was IL-17A+. 

There was no significant correlation between the pres-

ence of synovial IL-17A and disease duration, erythrocyte

sedimentation rate, or C-reactive protein (data not shown).

In the case of the IL-17A+ samples 6/13 (46%) patients

were receiving therapy with corticosteroids compared to

6/12 (50%) of the IL-17A– patients. Of the IL-17+ samples,

6/13 (46%) patients were receiving MTX compared to 4/12

(33%) patients with IL-17A- samples.

Expression of IL-12p35, IL-23p19 and p40 in rheumatoid

synovium. IL-12p35 was expressed in all 25 synovial sam-

ples. Mean expression was 0.45 ± 0.05 ng (range 0.10–0.99

ng). IL-23p19 was expressed in 23/25 (92%) synovia. Mean

expression in the IL-23p19 positive synovia was 0.08 ± 0.06

ng (range 0.007–0.245 ng). The common p40 subunit was

expressed in 23/25 synovia. Mean expression in the positive

synovia was 0.49 ± 0.14 ng (0.02-1.56 ng). Of the 2 synovia

that did not express p40, both were IL-23p19 and IL-12p35

positive. However, one was IL-17A+ and one IL-17A–. 

2 The Journal of Rheumatology 2009; 36:11; doi:10.3899/jrheum.081304

 www.jrheum.orgDownloaded on April 10, 2024 from 

http://www.jrheum.org/


Relationships between IL-23p19, IL-12p35, p40, and

IL-17A. There was no difference in mean IL-12p35 expres-

sion between IL-17A+ and IL-17A– synovia (0.5 ± 0.06 ng

vs 0.38 ± 0.07 ng; p = 0.2). There was no significant corre-

lation between IL-12p35 and IL-17A expression (Spearman

r = 0.37, p = 0.07). In all synovia the expression of IL-12p35

was higher than that of IL-23p19 (mean expression 0.45 ±

0.02 vs 0.07 ± 0.01; p < 0.0001). 

The expression of IL-23p19 was significantly higher in

IL-17A positive synovia as compared to those that were

IL-17A negative (0.10 ± 0.02 ng vs 0.05 ± 0.01 ng; p = 0.02)

(Figure 1). Interestingly, there was 1 synovium positive for

IL-17A where IL-23p19 could not be detected. There was a

significant positive correlation between IL-23p19 expres-

sion and IL-17A expression (Spearman r = 0.44, p = 0.03).

There was also a significant positive correlation between the

ratio of IL-23p19/IL-12p35 and IL-17A expression

(Spearman’s r = 0.43, p = 0.02) (Figure 2).

There was no difference in mean expression of p40 in

IL-17A+ and IL-17A– samples (0.53 ± 0.13 vs 0.37 ± 0.09;

p = 0.33). There was no correlation between p40 and expres-

sion of IL-17A (p = 0.39), IL-23p19 (p = 0.13), or IL-12p35

(p = 0.12). There was significantly more expression of p40

than IL-23p19 (0.45 ± 0.08 vs 0.07 ± 0.01; p < 0.0001), but

no difference between p40 and IL-12p35 (p = 0.96). In

13/25 samples there was excess p40 over the combination of

IL-23p19 and IL-12p40. Four of 13 IL-17A+ samples and

4/12 IL-17A– samples had an excess of p40 over the com-

bination of IL-12p35 and IL-23p19. 

Proximity of cells producing IL-17A, IL-23, and IL-12 in

rheumatoid synovium. Immunohistochemistry revealed that

only a very small number of CD3+ T cells were also posi-
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Table 1. Characteristics of the 20 patients from whom rheumatoid synovial tissue was obtained. One patient had

2 biopsies of which 1 was IL-17A+ and 1 IL-17A–. This patient was excluded from the analysis of IL-17A+ vs

IL17A– in the table.

All Patients, IL-17A+, IL-17A–,

n = 20 n = 9 n = 10

Mean age, yrs (range) 60.7 (35–80) 59.6 (35–74) 61.5 (36–80)

Male:female 6:14 3:6 2:8

RF positive, n (%) 18 (90) 8 (88.9) 9 (90)

Radiographic erosions, n (%) 19 (95) 8 (88.9) 10 (100)

Disease duration, yrs, mean (range) 16.9 (2–30) 16.1 (5–29) 19.2 (8–30)

ESR, mm/h, mean (range) 30 (0–85) 21 (0–31) 39 (18–85)

CRP, mg/l, mean (range) 11 (0–70) 6.7 (0–26) 8 (0–38)

DMARD, n (%) 18 (90) 8 (88.9) 8 (80)

Methotrexate, n (%) 10 (50) 5 (55.5) 4 (40)

Methotrexate dose mg/wk, mean (range) 16 (10–22.5) 18 (15–22.5) 14.1 (10–17.5)

Prednisone 12 5 6

Prednisone dose mg/day, mean (range) 6 (4–10) 6.5 (4–10) 6 (5–10)

RF: rheumatoid factor; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; DMARD: disease modi-

fying antirheumatic drugs.

Figure 1. Quantitative RNA expression of IL-23p19 in IL-17A positive and

IL-17A negative synovial membrane samples. Each point represents data

from an individual synovial sample, with the bar representing the mean of

the group (p = 0.02). 

Figure 2. Correlation of IL-23p19/IL-12p35 ratio to IL-17A expression.

Each point represents data from an individual synovial membrane sample.
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tive for IL-17A. We found no evidence for IL-17A produc-

tion by any other cell types. IL-23 staining was present

throughout the synovial membrane. IL-17A+ cells were in

close proximity to different cells staining strongly for

IL-23+. There was no evidence of IL-17A in the absence of

IL-23. Further, there was no relationship between the distri-

bution of IL-17A+ cells and IL-12+ cells. CMRF44+ den-

dritic cells were negative for IL-23 while FMC17+ mono-

cytes were IL-23+ (Figure 3).

DISCUSSION

IL-17A is expressed in only a subset of rheumatoid synovial

membranes. Thus IL-17A is not an absolute requirement for

inflammation in RA. Rather, current evidence would sug-

gest that it has an important role in amplifying disease in the

subset of patients in whom it is present. In this regard, syn-

ovial membrane IL-17A mRNA levels have been reported to

be predictive of joint damage in patients with RA1. Accurate

prediction of those patients with poorer prognosis and mak-

ing an early decision on which of the multiple treatments

available is most likely to rapidly and effectively suppress

inflammatory disease activity remain key challenges in the

current management of patients with RA. The expression of

IL-17A in approximately half of RA synovial samples and

the association between IL-17A and joint damage provides

one mechanism whereby patients with RA may be classified

with regard to prognosis. It is relevant in this context to note

that IL-17A cannot be detected in rheumatoid nodules,

which are found in that group of patients with more severe

disease and increased mortality9. Whether patients with syn-

ovial IL-17A expression are more or less likely to respond

to specific therapies remains to be determined. 

Reported expression of IL-17A in rheumatoid synovial

samples has ranged from 28% to 80% of samples1,2. Further,

IL-17A has been detected in ~45% of rheumatoid synovial

fluid samples10. Although our finding of IL-17A in ~50% of

samples is higher than the 28% positive samples reported by

Kirkham, et al, there are significant differences between the

2 populations in these studies. Most notably, our samples

were obtained from patients undergoing joint surgery from a

variety of sites, compared to Kirkham, et al, where all

 samples were obtained from knee joints not at the time of

surgery. In addition, Kirkham, et al had a significant number

of patients with disease duration < 2 years. 

Synovial expression of IL-17A is not unique to RA and it

is also detectable in synovium from patients with spondy-

loarthropathies and osteoarthritis. Interestingly, IL-17A con-

centrations are significantly higher in synovial fluid and

synovial tissues from patients with spondyloarthropathies

compared to RA11. While IL-17A is clearly a proinflamma-

tory cytokine, it is present in only small numbers of patients

with osteoarthritis2,10,11. 

While the exact mechanisms of Th17 cell differentiation

and IL-17A production remain to be clarified in humans it is

apparent that both IL-23 and IL-12 have some role. IL-23 is

a heterodimeric cytokine consisting of a unique p19 subunit

and a p40 subunit that is shared with IL-12. IL-23p19 is

upregulated in rheumatoid synovial fibroblasts with expres-

4 The Journal of Rheumatology 2009; 36:11; doi:10.3899/jrheum.081304

Figure 3. Immunohistochemistry images at low power magnification (20×) and high power insert (63×). A. T cell marker CD3, B. IL-17A, C. IL-23, D. IL-12,

E. Monocyte/macrophage marker FMC17, F. Dendritic cell marker CMRF44.
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sion positively controlled by the presence of IL-17A12.

IL-23 also induces Th17 cell differentiation and IL-17A pro-

duction5,6. Thus there appears to be an important positive

feedback loop between IL-23 and IL-17A, which may be

important in driving synovial inflammation. We have shown

that IL-23p19 gene expression is significantly higher in

IL-17A+ compared to IL-17A– synovial membranes.

Further, there was a positive correlation between the ratio of

IL-23p19/IL-12p35 expression and IL-17A expression. A

similar correlation between IL-23p19 and IL-17A protein

concentrations in synovial fluid and sera from patients with

RA has been reported13,14. In addition we have shown close

proximity between IL-17A+ and IL-23+ cells. These data

give additional support to the role of IL-23 in IL-17A pro-

duction in rheumatoid synovial inflammation. 

Biologically active IL-23 and IL-12 require synthesis of

the 2 subunits, p19 and p40 for IL-23 and p35 and p40 in the

case of IL-12, by the same cell15. It has recently been report-

ed that while IL-23p19 is expressed in rheumatoid synovial

tissue, few cells co-express the p19 and p40 subunits.

Moreover, IL-23 was present in only 6/37 RA synovial fluid

samples16. Accordingly, the authors suggest that the pres-

ence of p19 does not necessarily indicate the presence of a

bioactive IL-23 heterodimer16. We have shown that the

majority of synovia express p40 and that there is generally

an excess of p40 over p19 and p35. This would suggest that

dissociation between p19 and p40 is unlikely to have a sub-

stantial influence on our results. Further, there was no dif-

ference between the numbers of patients with an excess of

p40 in the IL-17A+ and IL-17A– samples. However, it is

expression of the IL-23p19 subunit by monocyte-derived

dendritic cells that is of relevance. These cells also produce

IL-12p35 and enough IL-12p40 subunit to satisfy require-

ments for both IL-12 and IL-23 heterodimers. Thus produc-

tion of IL-23p19 by myeloid dendritic cells may be the

rate-limiting step in IL-23 heterodimer expression.

Interestingly, we observed that IL-23+ cells were FMC17+

monocytes, while CMRF44+ dendritic cells were IL-23–.

Interestingly, in 1 patient IL-17A gene expression was

present despite the absence of IL-23. Serum concentrations

of IL-23 have been reported to decrease significantly after

treatment with etanercept. However, there was no associat-

ed change in IL-17A concentrations14. These data suggest

that other as yet unidentified factors may be important in

development and/or maintenance of Th17 cells and IL-17A

production in humans. Alternatively, medications used for

disease suppression may alter Th17 cell development and

IL-17A production. It has been suggested in patients with

giant cell arteritis that circulating Th17 cells markedly

decrease with steroid therapy17. However, in our IL-17A+

samples 50% of patients were receiving steroids at the time

of sample collection. 

Notwithstanding the presence of IL-17A in RA synovi-

um, only ~1% of T cells present within the rheumatoid joint

have been reported to produce IL-17A2. More recently,

IL-17A+CD4+ T cells from rheumatoid synovium or syn-

ovial fluid have been reported to be scarce, with IL-17A+ T

cells found less frequently in joints compared to peripheral

blood mononuclear cells18. One explanation for the paucity

of IL-17A+ T cells is that IL-17A is expressed only in cer-

tain phases of the T cell activation process. The murine sys-

tem suggests IL-17A production by T cells is suppressed by

IL-27 when CD4+ T cells are in the early stages of T cell

activation but not when they are fully activated19. Similarly,

suppression of Th17 cell development by IFN-γ and IL-4

appears to be limited to an early stage of Th17

 differentiation4.

An alternative explanation is that IL-17A is only present

in  certain phases of the disease process. In humans, IL-17A

has been reported to be higher in synovial fluid from

patients with early RA as compared to those with estab-

lished disease20. However, in our cohort of patients with

longstanding disease (> 2 years) we found no association

between IL-17A expression and disease duration.

Interestingly, in our cohort there was 1 patient in whom 2

samples were obtained 5 months apart. In the initial sample

IL-17A was not present, whereas in the subsequent sample

IL-17A was present. This patient had the shortest disease

duration (2 years) of all the patients in the study. Whether

the change in IL-17A status in this patient is due to different

phases of T cell activation or different phases of the disease

is unclear. While these data suggest that the presence/

absence of IL-17A can vary within an individual patient

(i.e., negative to positive), we have found no evidence for

reversion of the IL-17A positive synovial status to negative.

In summary, IL-17A is expressed in only a proportion of

rheumatoid synovial membrane samples. Thus, IL-17A is

not an absolute requirement for RA. Rather it may be an

important amplifier of inflammatory disease activity. The

association of IL-17A with poorer disease outcomes pro-

vides a rationale for identification of that subset of patients

with synovial expression of IL-17A. IL-23 is an inducer of

IL-17A production, and expression of IL-23p19 is higher in

IL-17A+ membranes as compared to IL-17A– membranes.

Given the links between IL-23 and IL-17, therapeutic agents

specifically targeting these cytokines in that subgroup of

patients who express IL-17A may be of benefit.
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