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An accurate and noninvasive tracer able to detect molecular events

underlying the development of rheumatoid arthritis (RA) would be
useful for RA diagnosis and drug efficacy assessment. A complement

receptor of the Ig superfamily (CRIg) is expressed on synovial macro-

phages of RA patients, making it an interesting target for molecular

imaging of RA. We aim to develop a radiotracer for the visualization
of CRIg in a mouse model for RA using radiolabeled single-domain

variable antibody VHH fragments (Nanobodies). Methods: Quanti-

tative polymerase chain reaction was used to locate CRIg expression

in mice with collagen-induced arthritis (CIA). A Nanobody, NbV4m119,
was generated to specifically target CRIg. Flow cytometry, phosphor-

imaging, and confocal microscopy were used to confirm NbVm119

binding to CRIg-positive cells. SPECT (SPECT/CT) was used to im-

age arthritic lesions in the inflamed paws of 29 mice using 99mTc-
NbV4m119 Nanobody. Results: CRIg is constitutively expressed in

the liver and was found to be upregulated in synovial tissues of CIA

mice. SPECT/CT imaging revealed that 99mTc-NbV4m119 specifically
targeted CRIg-positive liver macrophages in naïve wild-type but not

in CRIg−/− (CRIg knockout) mice. In CIA mice, 99mTc-NbV4m119 ac-

cumulation in arthritic lesions increased according to the severity of

the inflammation. In the knees of mice with CIA, 99mTc-NbV4m119
was found to accumulate even before the onset of macroscopic

clinical symptoms. Conclusion: SPECT/CT imaging with 99mTc-

NbV4m119 visualizes joint inflammation in CIA. Furthermore, imag-

ing could predict which mice will develop clinical symptoms during
CIA. Consequently, imaging of joint inflammation with CRIg-specific

Nanobodies offers perspectives for clinical applications in RA

patients.
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During rheumatoid arthritis (RA) the synovial membrane be-
comes hyperplastic because of local proliferation of fibroblastlike

synoviocytes and increased infiltration of various immune cells

(1,2). Notably, mononuclear cell infiltration of the intimal lining

leads to erosion of cartilage and subchondral bone (3,4). Additionally,

macrophages accumulate earlier and continuously in the intimal

layer, numbering up to 50% of the total cells (5,6). Indeed, the pres-

ence of specific macrophage populations can be used to monitor

inflammation in RA. For instance, more cells expressing the com-

plement receptor of the Ig superfamily (CRIg, aka VSIG4, Z39Ig)

were found in the synovial lining layer of RA patients than in

other arthritic pathologies or normal synovium (7). In humans,

CRIg has a pronounced expression on Kupffer cells and is found

to a certain extent on resident tissue macrophage subsets in vari-

ous tissues, including normal synovium (8,9). However, both mes-

senger RNA (mRNA) analysis and immunohistochemical stain-

ing on synovium of clinical RA patients have revealed that

CRIg is more abundant in RA synovial tissue and is coexpressed

with genes from activated macrophages in both the lining and the

sublining layers of the synovium (7,9,10). Consequently, CRIg

seems to be a promising marker for specific molecular imaging

of RA, allowing noninvasive quantification of joint inflammation

in vivo.
SPECT/micro-CT and other forms of scintigraphy with radioactive

labels conjugated to cytokines, antibodies, or antibody fragments
allow monitoring of disease progression using physiologic param-
eters and the simultaneous evaluation of specific marker expression
in every inflammatory lesion (11,12). Nanobodies are small (15 kDa)
single-domain derivatives from camelid heavy-chain antibodies
that can bind their target quickly and specifically. Concurrently,
unbound Nanobodies are rapidly eliminated from the body, which
increases the contrast between marker-specific and background
signals in molecular imaging (13). Their good solubility and high
intrinsic thermostability allows for straightforward radiolabeling
(13,14). Nanobody-derived probes have already been shown to
generate high target-to-background and specific images within
1–3 h of tracer injection in several mouse tumor and inflammation
models (15–18). Recently, we demonstrated by mouse macro-
phage mannose receptor (MMR)–specific Nanobody imaging that
macrophages are located in the naive liver, spleen, lymph nodes,
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bone marrow, and inflamed paws of mice with collagen-induced arthritis
(CIA) (16,19).
In the present study, searching for a marker with a more restricted

expression, we investigated the in vivo biodistribution of CRIg in
naive mice and in mice with CIA, examining joint tissues and spe-
cifically focusing on synovial macrophages. We developed and char-
acterized CRIg-specific Nanobodies and evaluated Nanobody-based
radiolabeled tracers for preclinical imaging of arthritic lesions. Finally,
we gauged whether CRIg expression levels could predict joint inflam-
mation in animals before the appearance of clinical symptoms.

MATERIALS AND METHODS

Mice

Male C57BL/6 and DBA/1 mice (age, 8 wk) were purchased from
Janvier Sas. CRIg-deficient mice (C57BL/6 background) were generously

provided by Genentech. The experiments were approved by the local
ethics committee. CIA was induced as described before (19). Briefly,

chicken collagen type II (2 mg/mL) (Sigma-Aldrich) in 0.1 M acetic acid
was emulsified in complete Freund adjuvant (Difco Laboratories) with

added heat-killed Mycobacterium butyricum (0.75 mg/mL; Difco Labo-
ratories). Mice were sensitized with a subcutaneous injection at the base

of the tail with a 100-mL emulsion. A boost injection with chicken collagen
type II (2 mg/mL) in incomplete Freund adjuvant was performed at day

21. Each limb was scored for severity of arthritis as follows: 0, normal; 1,

redness/swelling of one joint; 2, redness/swelling of more than one joint;
3, swelling of entire paw; and 4, ankylosis or deformity (20).

Quantitative Real-Time Polymerase Chain Reaction

mRNA levels were determined as described previously (20). A brief

description is given in the supplemental information (available at
http://jnm.snmjournals.org).

Antibodies and Nanobodies

Anti-CD45.2 (Cl:104)/fluorescein isothiocyanate (FITC), anti-CD11b
(M1/70)/PE-Cy7, and anti-F4/80(CI:BM8)/allophycocyanin (APC)-eFluor780

antibodies were purchased from eBioscience. Anti-CRIg monoclonal
antibody was generously provided by Genentech; the corresponding

isotype control antibody was purchased from R&D Systems. Nano-

bodies were generated and produced as described previously (21) and
as detailed in the supplemental information. Nanobodies against the

b-lactamase BCII enzyme of Bacillus cereus (BCII10) were used as
a negative control throughout the study. Nanobodies were labeled using

the Alexafluor647 protein-labeling kit (Invitrogen) according to the man-
ufacturer’s instructions. For immunofluorescence microscopy, Nanobod-

ies were subcloned into the pMECS vector, which adds a hemaglutinin
tag to the VHH. Anti-CD68/biotin was purchased from AbD Serotec

and anti-hemaglutinin-tag-AlexaFluor488 was purchased from Invi-
trogen. Inflamed knee synovia were embedded in Tissue-Tek OCT

(Sakura) and frozen in liquid nitrogen. Cryostat sections (5 mm) were
fixed in 3% paraformaldehyde (pH 7.4) and incubated in 1% phosphate-

buffered saline/blocking reagent (Roche) containing detection anti-
bodies before imaging on a multiphoton laser-scanning microscope

(LSM710 and ConfoCor 3 system; Zeiss). The detailed procedure is
described in the supplemental information.

99mTc Nanobody Labeling, Pinhole SPECT/micro-CT

Analysis, and Phosphorimaging

Nanobodies were labeled with 99mTc via their polyhistidine (his) tag as
described before (21,22). C57BL/6J mice or DBA/1 mice were injected

intravenously with 80–100 mL of 99mTc Nanobodies. The 99mTc Nano-
body activity injected per mouse was 52.80 6 19.63 MBq (1.427 6
0.5306 mCi) (n 5 90, mean 6 SEM). SPECT/micro-CT was performed
as described previously (20). A brief description is given in the supple-

mental information. Immediately after imaging, mice were sacrificed, and

tissue sections were phosphorimaged as described in the supplemental
information.

Statistical Analysis

Statistical analyses were conducted using the Student t test and 1-way

ANOVA assuming unequal variances. Prism 5.0 (GraphPad Software)
was used for statistical analyses and graph creation. P values of 0.05

or less were considered significant.

RESULTS

Expression of CRIg

Direct proof of CRIg expression in mouse synovial cells is so far
lacking. Therefore, CRIg mRNA levels were investigated in CIA mice
to determine whether this marker is widely expressed in the body or
whether it is limited to specific tissues during inflammatory conditions.
When CRIg mRNA levels were determined for multiple tissues of CIA
mice, a high level of expression was found in the liver and low or
undetectable quantities were measured in the bone marrow, lymph
nodes, spleen, and lung. CRIg expression was substantially higher for
the synovium and synovial fluid than for other organs (Supplemental
Fig. 1).

Tracking CRIg Expression In Vivo in Naive and CIA Mice

Using CRIg-Specific Nanobodies

CRIg-specific Nanobodies were prepared from lymphocytes iso-
lated from an alpaca immunized with the extracellular domain of
mouse CRIg recombinant protein, as described before for other
Nanobodies (20). The lead candidate, NbV4m119, has an affinity
of 0.9 nmol/L for recombinant mCRIg, and flow cytometry analysis
confirmed that it recognizes native mouse CRIg expressed on liver

FIGURE 1. (A) Coronal views of SPECT/micro-CT imaging performed

on naive wild-type and CRIg−/− mice 1 h after intravenous injection of
99mTc-labeled NbBCII10 and NbV4m119. Representative images for 3

mice per group are shown using National Institutes of Health color scale

and are scaled to maximum in whole image. (B) Radioactive content of

each organ was measured in γ counter and expressed as percent-

age injected activity per gram of tissue (%IA/g) (n 5 3 mean ± SEM,

***P , 0.001, NS 5 not significant vs. 99mTc-NbBcII10). WT 5 wild-type.
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macrophages ex vivo (Supplemental Fig. 2). To confirm the specificity
of NbV4m119, whole-mouse SPECT/CT imaging was performed
on naive CRIg2/2 (CRIg knockout) and C57BL/6J counterparts
injected with 99mTc-labeled Nanobodies. In concordance with the
tissue mRNA expression studies, 99mTc-NbV4m119 Nanobody up-
take in the liver of wild-type animals was higher than the nontarget-
ing control 99mTc-NbBCII10, a Nanobody binding a bacterial en-
zyme (P , 0.05) (Fig. 1A). Additionally, only low levels of CRIg
(,2 percentage injected activity per gram of tissue) could be
detected in all other investigated tissues, including the joints. In
the SPECT/CT images, no specific uptake of 99mTc-NbV4m119
could be visualized in the liver or other organs of CRIg2/2 mice,
verifying the in vivo targeting specificity of the Nanobody (Fig.
1A). Further confirmation of this was provided by dissection of the
different organs and measurement of the residual radioactivity in
a g counter (Fig. 1B). 99mTc-NbV4m119 and the control 99mTc-
NbBCII10 exhibited high kidney uptake and high activities in the
bladder for both Nanobodies in CRIg2/2 and wild-type mice.
These signals are associated with the fast filtration of unbound
Nanobody from the bloodstream and are therefore not attributable

to differences in specific Nanobody accumulation. As a result,
NbV4m119 is able to specifically measure CRIg levels in vivo
and was therefore used as a CRIg probe in the CIA model in
DBA/1 mice. After 3 h, significant 99mTc-NbV4m119 uptake
was observed only in the kidneys, bladder, and liver of naive
DBA/1 mice (Fig. 2A). The CIA mice were scored for arthritis
severity and subsequently injected with 99mTc-NbV4m119 or
99mTc-NbBCII10. 99mTc-NbV4m119 accumulated specifically in
the inflamed joints of arthritic mice (Fig. 2B; Supplemental Video
1). No significant joint uptake was detected in 99mTc-NbBCII10–
injected arthritic mice (Fig. 2C; Supplemental Video 2).

Localization of CRIg-Positive Cells

For a more precise localization of the CRIg signal observed in
CIA mice, inflamed joints of 99mTc-NbV4m119–challenged ani-
mals were dissected to quantify the radioactivity in the dissected
parts. After removing the synovium from the knees and ankles of
the CIA mice, the uptake of 99mTc-NbV4m119 in the hind limb
decreased significantly (P , 0.05) (Supplemental Fig. 3), indicat-
ing that 99mTc-NbV4m119 mainly targets synovium. Dissected
samples exposed to radiosensitive screens confirmed that 99mTc-
NbV4m119 accumulates mainly in synovium from arthritic knees
and ankles (P, 0.05 vs. NbBCII10, Supplemental Fig. 4). Immuno-
fluorescence analysis of inflamed knee synovium sections revealed
that NbV4m119 targets a subset of CD68-positive macrophages, pre-
sumably macrophagelike (type A) synoviocytes (Fig. 3).

99mTc-NbV4m119 Uptake in Relation to Clinical Arthritic

Scores and Disease Severity

Among collagen type II–immunized mice, some remained asymp-
tomatic (no macroscopic evidence of arthritis in any paw) and others
became symptomatic. In the latter, individual paws were assigned
clinical scores (0–4 for severe inflammation). 99mTc-NbV4m119 up-
take was readily visualized in arthritic lesions from the symptomatic
CIA mice and correlated with the clinical scoring (Fig. 4A). However,
in contrast to the clinical assessment, the uptake of 99mTc-NbV4m119
not only was associated with increased disease severity, but also
yielded information on inflammation intensity in individual joints, in-
cluding those not considered in the clinical scoring system, such as the
knees (Supplemental Video 3). Knees from symptomatic mice ac-
cumulated more 99mTc-NbV4m119 than knees from asymptomatic
mice (P , 0.05) (Fig. 4B). This enhanced uptake of 99mTc-
NbV4m119 in knees from symptomatic versus asymptomatic mice

was detected irrespective of the clinical score
of the limb and even occurred in a subset of
knees from limbs for which no clinical symp-
toms could yet be detected macroscopically
(score 0 paws of symptomatic mice). In the
metatarsal joints, a significant increase in
99mTc-NbV4m119 accumulation was detected
only in limbs of score 2 and score 3–4 (P ,
0.05) as compared with joints of asymptom-
atic mice (Fig. 4C). Finally, ankles only accu-
mulated significantly more 99mTc-NbV4m119
versus asymptomatic mice in limbs with
scores 3–4 (P , 0.05) (Fig. 4D).

In Vivo NbV4m119 Accumulation

Before Onset of Arthritis

The observation that 99mTc-NbV4m119
signals were elevated in a subset of joints

FIGURE 2. In vivo SPECT/CT imaging with anti-CRIg Nanobody tracer

visualizes CRIg expression in arthritic joints of CIA mice. Representative

SPECT/micro-CT image of CIA mice, 3 h after injection with 99mTc-

labeled Nanobodies V4m119 or control BCII10. DBA/1 naive mice (A) did

not show uptake of 99mTc-labeled V4m119. Mice displaying symptoms

of arthritis showed specific uptake of 99mTc-labeled V4m119 in inflamed

joints in correlation with clinical scores (B) but showed no uptake of
99mTc-labeled BCII10 control Nanobody (C). Clinical scores are indi-

cated next to each joint. Representative images of 3 mice per group

are shown using National Institutes of Health color scale and are scaled

to maximum in whole image.

FIGURE 3. Immunofluorescence staining for CRIg and CD68 in synovium of inflamed knee (n5 3).

Formalin-preserved cryosections of inflamed knee synovium were stained with anti-CD68-biotin

and Alexafluor568-streptavidin (left) and with hemaglutinin-tagged NbV4m119 and Alexafluor488-

conjugated antihemaglutinin antibody (middle). Merged image (right) shows colocalization of CRIg

expression with subset of CD68-positive macrophages. 4′,6-diamidino-2-phenylindole (DAPI) (blue)

was used as nuclear stain.
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without clinically visible symptoms inspired us to investigate the
potential of this tracer to predict the occurrence of CIA before clinical
onset of the disease. Therefore, SPECT/CT imaging was performed
with this Nanobody on day 23 after immunization. Signals were
quantified in the joints of the front paws, knees, metatarsal joints,
and ankles. Interestingly, the mean level of radioactivity in the
knees of CIA mice that developed symptoms after the day of
imaging was significantly higher than asymptomatic mice, which
did not show symptoms until day 32 (P , 0.05) (Fig. 5A). Other
inflamed joints did not show this early signal of 99mTc-NbV4m119
before symptoms arose. Hot spots of 99mTc-NbV4m119 were ob-
served in SPECT imaging of knee joints both in symptomatic mice
(Fig. 5B) and in mice that did not have any macroscopic signs of
arthritis yet (Fig. 5C; Supplemental Video 4). In contrast, mice
that remained asymptomatic did not show any focal uptake of
99mTc-NbV4m119 (Fig. 5D).

DISCUSSION

Modern imaging techniques are becoming increasingly important
in assessing the course of inflammatory ailments and in permitting
treatment follow-up for these diseases. Although contrast-enhanced
MR imaging and ultrasonography are used to image synovial fluid
effusion, neoangiogenesis, and vasodilation, they are still gener-
ally limited to delineating lesions at the anatomic level (23). Mo-
lecular imaging with SPECTor PET can greatly complement these
techniques by providing information on the presence of specific
molecules and cell types in the joints at any one time. Several
approaches have already been explored for molecular imaging of

RA, including MMPSense or ProSense (24,25), small-molecule
probes targeting the folate receptor (26), and antibody-based methods
directed against E-Selectin or ICAM-1 (12,27). The key to the
success of these approaches is the marker being targeted as well
as the specificity and sensitivity of the tracer. In arthritis, the cells
responsible for most of the chronic inflammation and progressive
joint destruction are located in the synovial membrane, making them
a good target for tracking arthritis. We have previously described
successful targeting of arthritic joints in CIA mice using an anti-
MMR Nanobody. However, in addition to the Nanobody accumu-
lation observed in diseased joints, the Nanobody was also found in
the liver, spleen, heart, lymph nodes, and bone marrow (20). Al-
though the MMR Nanobody targets macrophages present in the
joints of CIA mice, the MMR signal in the bone marrow could be
problematic for the accurate imaging of some inflamed joints (16).
Macrophages are attractive targets for imaging because they seem
to have a pivotal role in maintaining the chronic inflammation
state in arthritis (9). Therefore, a marker largely restricted to these
cells could further improve the accuracy of SPECT imaging in
arthritis. In this respect, CRIg seems to be a suitable target, for
it has been shown to be expressed on resident tissue macrophages
in normal human synovium and on the corresponding macrophages
in RA patients’ synovial lining layer (7). In the present study, we
aimed to investigate specifically the expression of CRIg in CIA,
a mouse model that mimics well the immunologic state in human
RA (19). In general, CRIg was hardly detectable in bone marrow, lymph
nodes, and spleen, corresponding to previous observations (7,8,28).

FIGURE 4. SPECT/micro-CT image quantification of joints with vari-

ous clinical arthritic scores at 3 h after injection of 99mTc-V4m119. Mice

immunized with collagen type II in complete Freund adjuvant were

sorted into asymptomatic (total clinical scores of all limbs, 0) and symp-

tomatic mice. SPECT/micro-CT imaging of individual limbs of symptom-

atic mice, grouped according to their clinical scores (A), revealed that
99mTc-V4m119 accumulation intensifies with increasing clinical scores.

Representative images (of 58) of hind limbs are shown using National

Institutes of Health color scale and are scaled to maximum in whole

image. Radioactive signals in regions of interest were quantified for

knees (B), metatarsal joints (C), and ankles (D) of 29 CIA mice as

percentage injected activity (mean ± SEM). *P , 0.05, **P , 0.01,

***P , 0.001 vs. joints from asymptomatic mice (Asymp).

FIGURE 5. Quantification of 99mTc-V4m119 accumulation in joints of

CIA mice before onset of arthritis symptoms. CIA mice at day 23 after

immunization were imaged and subsequently sorted in 3 groups. (A)

Uptake of 99mTc-V4m119 in knees, metatarsal joints, ankles, and front

paws of CIA mice 23 d after immunization (n 5 29). Percentage injected

activity was quantified for each area of interest. *P , 0.05, **P , 0.01,

vs. asymptomatic mice. Representative SPECT/micro-CT images of

symptomatic (B), presymptomatic (C), and asymptomatic (D) mice.

Asymp 5 asymptomatic, mice free of symptoms until day 32 (experi-

ment end); Pre symp 5 presymptomatic, mice with arthritis symptoms

after day 23; Symp5 symptomatic, mice with arthritis symptoms on day

23. %IA 5 percentage injected activity.
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High levels of CRIg were found on CD11bintermediate F4/801 Kupffer
cells in the liver. In CIA mice, CRIg was present in the inflamed
synovium on cells expressing the pan-macrophage marker CD68
(29), agreeing with previous studies on synovial tissue from RA
patients (7,9) and appearing to confirm its value for in vivo imag-
ing of joint inflammation. We have chosen Nanobodies as tools for
this study because these small binding moieties suffer less from
high background signals, as compared with complete antibodies,
and penetrate deep into tissues whereas unbound molecules are
cleared rapidly from the body, so high-contrast images can be
acquired in a matter of hours after injecting the probe. In contrast,
standard inflammation imaging probes such as 18F-FDG suffer
from higher background signals than these antigen-specific probes.
The signals observed with 18F-FDG are generally higher in in-
flamed joints than with Nanobodies; however, many of these sig-
nals are aspecific. Furthermore, Nanobodies do not bind to Fc
receptors and have not been reported to induce strong neutralizing
immune responses. They can be produced in high quantities using
bacterial expression systems, and their thermostability makes
radiolabeling more straightforward than for many other proteins.
Comparing the biodistribution of 99mTc-CRIg–specific Nanobod-
ies in naive mice with that of 99mTc-labeled control BCII10 Nano-
bodies revealed a strong accumulation of 99mTc-V4m119 in the
liver but not in any other organ, confirming in vivo the immuno-
histochemical results reported by Vogt et al. (8,9,28). The CRIg
specificity of the signal produced by the Nanobody was further
confirmed by a total absence of Nanobody accumulation in the
livers of CRIg2/2 mice. The signals associated with kidneys and
bladders were similar for wild-type and CRIg2/2 mice, indicating
that they reflect the physiologic process of reuptake after clearance
and not an in situ CRIg-specific binding. Because the presence of
a His-tag significantly affects kidney retention, the kidney uptake
seen in this preclinical work reflects the uptake of a clinical-grade
probe (30). Several ways exist to limit aspecific kidney retention
such as using other labeling chemistries or radionuclides and add-
ing substances that limit renal uptake (31). Taken together, these
results verify that in naive nonimmunized mice, the liver is indeed
the only main organ containing cells expressing substantial amounts
of CRIg. When injected in mice with active CIA, a 99mTc-V4m119
Nanobody–specific signal was also observed in the inflamed
joints. Although the absolute quantity of 99mTc-V4m119 Nano-
body in the inflamed joints is low, an excellent contrast with the
background was achieved. The Nanobody accumulation in the
joints was also correlated to the severity of the disease as judged
by the macroscopic arthritis scoring system. However, uptake of
the CRIg Nanobody in different types of joints reveals additional
variability that goes beyond the limitations of this scoring system,
giving information on inflammation intensity in individual joints,
including those not considered during scoring. Interestingly, in the
early stages of the CIA 99mTcNbV4m119 accumulation was also
observed in the joints, primarily knees, of mice that had yet to
develop any symptoms of arthritis but that became symptomatic
later on. The knees of mice that remained free of arthritis did not
show such accumulation of CRIg-specific Nanobody. Such a dif-
ference was not observed for the control Nanobody nor in our
previous results with an anti-MMR Nanobody (20), indicating that
the increased presence of CRIg in a joint can provide an indication
of incipient inflammation in as-of-yet asymptomatic paws. Fur-
thermore, the flexibility of conjugation and labeling of Nanobodies
allows other possibilities of imaging using CRIg-specific Nano-
bodies, such as PET scanning, near-infrared fluorescence imaging

(26,27,32), or coupling to microbubbles for ultrasound-based
imaging (33). Moreover, Nanobodies have low toxicity and low
immunogenicity, with a clinical study using Nanobody PET trac-
ers currently running. Additionally, CRIg is present in the joints
of human RA patients. Thus, translation of a CRIg-specific
Nanobody to the clinic for imaging of human RA is a realistic
possibility and could be a boon for the early diagnosis of human
patients.

CONCLUSION

Inducing CIA increases the amount of CRIg expressed on macro-
phages in inflamed mouse joints. In naive animals, only the liver
holds significant amounts of CRIg-positive cells. SPECT imaging
with 99mTc-CRIg–specific Nanobodies is a fast and accurate tech-
nique to visualize and quantify joint inflammation in an animal
model of RA. Furthermore, the technique seems sufficiently sensitive
to detect early signs of inflammation even before the manifestation
of anatomically visible signs of the disease. The detection of early
signs of inflammation would greatly benefit the diagnosis, grading,
and therapy monitoring of RA.
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