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Figure S1. Binding Affinity of Imaging Agents
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Figure S1. Binding affinity of the IRDye800CW and AF680 agent to integrin of the form (A)
human 0,3 on a plate, (B) human oyfs on a plate, (C) human o3 on MDA MB 231 and (D)
mouse ovP3 on RAW 264.7 cells.

Tgfszsf Integrin Species IRDXegi%?CW AF680 Agent
Plate ovfs Human 1.7+ 0.3 nM 2.7+ 0.6 nM
o fs Human 1.5+ 0.4 nM 2.1 +0.4nM
ofs (HEK2913 Human 5.1+2.5nM 0.3+0.1 nM

Cell based Transfected)
avpBs (MDA MB 231) Human 5.1+0.7 nM 1.3+0.2 nM
a3 (RAW 264.7) Mouse 0.7+ 0.3 nM 1.1 +1.7nM

The measured dissociation constants were generally in the low single-digit nanomolar with some
variance depending on the assay type (recombinant proteins measured on plates versus cells) and
species (human versus mouse).




Figure S2. Healthy Mice Dosed Subcutaneously (SC)

Figure S2. IVIS images of healthy mice at 48 hours after co-administration of the (left)
IRDye800CW and (right) AF680 agents. Quantification of the signal from the joints is shown in
Fig 2.



Figure S3. Plasma Clearance Curves
Sub-Cutaneous Delivery
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Figure S3. Plasma clearance curves (linear, top and semi-log bottom) for sub-cutaneous and
intravenous delivery for the IRDye800CW and AF680 agents at a dose of 1.5 nmoles.

For IV Delivery:

Co (IRDye800CW Agent) = 1271nM
Co (AF680 Agent) = 693nM

Percent Fast (IRDye) = 90.69
Percent Fast (AF680) = 97.20

Kfast (IRDye) = 0.058 /min
Kfast (AF680) = 0.095/ min

Kslow (IRDye) = 0.0062 /min
Kslow (AF680) =0.007 /min



Figure S4. Healthy Mice Dosed Orally (PO)

Figure S4. IVIS images of healthy mice at (left) 6, (middle) 24 and (right) 48 hours after oral
administration of the IRDye800CW agent. Quantification of the signal from the joints is shown
in Fig 3.



Figure SS5. Autofluorescence Controls for Confocal Images

Figure S5. Autofluorescence controls for the (left) IRDye800CW agent signal and (right)
macrophage staining.

The autofluorescence samples were obtained from joints of healthy mice that were not
administered the imaging agent.



Figure S6. CAD Model of Synovial Membrane

Figure S6. Model of the synovial membrane based on MR images from Theumann et al>. The
CAD model (A-C) shown next to MRI images (D-F) showing sagittal (left), coronal (middle),
and transverse (right) images of the synovial space. Scale bar = 10 mm




Figure S7. Optical Phantoms
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Figure S7. (A) A silicone mold of a human hand was used to generate the optical phantom. (B)
The CAD model of the synovium was used to 3D print a cast (blue) to generate a mold (purple)
for the joint. (C) Cross-section of optical phantom, with the darker region being the joint. The
grey region had either 100 or 50 nM of the dye and the healthy tissue in white had 10 nM of the
dye.



Figure S8. Concentration Ratio Scale Up

Healthy Tissue i 0.5 mm
Inflamed Tissue i 0.4 mm
Healthy Tissue 2.1 mm

Figure S8. Schematic of inflamed paw with epifluorescence imaging (excitation and emission
occurring from the top). A healthy paw would have an identical schematic without the inflamed
tissue.

Average healthy paws: 2.6mm
Average extent of inflammation: 0.4mm
Imaging intensity ratio between inflamed paws and healthy paws (TBR) = 4

Two approaches were used to scale the imaging signal intensity to the concentration ratio
between inflamed and healthy paws: a simple linear scaling shown below and a diffuse light
approximation of fluorescence intensity>. Both results gave similar answers, which was
anticipated given the small thickness of the mouse paw relative to NIR light penetration. For the
linear scaling, let the concentration in the inflamed tissue be X nM and in the healthy tissue be Y
nM.

Concentration in Inflamed Paw
TBR =

Concentration in Healthy Paw
05()+ 0.4 (X)+21() B

TBR = 2.6 (Y)

Solving the equation, we get §= 19.5

The concentration ratio of inflamed to healthy tissue is 19.5

Based on a z-statistic and the diffuse light simulations, a 5.5-fold concentration ratio between the
inflamed region and surrounding tissue is needed for positive identification above the variability
in background signal. If a similar targeting efficiency occurs in humans, this technique will
translate efficiently to clinical depths.



Figure S9. IRDye800CW Agent Absorption in Mice

10 100
'Y
3 it
o = ®e % ¢ °.
o 1 S0 10 — (X
2c 8 5 o o° —
o = O 0 Py 4
2T o< o
22 T 2
] e
2 §0.10 . g c 1 .
w o
0.01 T 0.1 T T
C57BL/6 Nude Balb/C

Figure S9. Absorption of the imaging agent across different strains of mice with mice having
low absorption shown in red. Black — Img/kg dose. Blue — Smg/kg dose. The low absorption in
C57BL/6 was seen at a Img/kg dose whereas the low absorption in Nudes and Balb/C was seen
at a Smg/kg dose.

Low absorption was seen in 14% of mice across all species and dosages and was seen in 18% of
of Balb/C mice with a dose of 5Smg/kg. As mentioned in the discussion section, mice with low
absorption could either be administered an increased oral dose or subcutaneous dose of the

imaging agent.



Table S1. Parameters used in COMSOL Model

Parameter Value Reference Description
Ha 20 m- 45 Absorption coefficient
D 2.732 x 104 m Diffusion coefficient
S 4.1 W/mz2 3 Excitation light source
Chack 2.5 x 105 mol/m3 6 25% of the plasma concentration
7)IRDye-800CW 0.1 7 IRDye-800CW quantum efficiency
€IRoye-soocw 24,000 m3/mol/m IRDye-800CW extinction coefficient
Eemission 24% 8 Emission light percentage absorption
Cr 2.94 9 Boundary condition constant
s 12000 m-1 45 Tissue scattering coefficient
g 0.9 4 Scattering anisotropy
Us 1200 m-1 Reduced scattering coefficient
Reft 0.493 10 Effective reflection constant



Table S2. Equations

Parameter Equation Description
Us Hs = Us(1-Q) Reduced scattering coefficient
D D = 1/3(Ya - Ys) Diffusion coefficient
Ua ex back la_ex back = Ha + €1RDyeCback Effective absorption gogﬁicient
- (background, excitation)
e excamern Ua_ex_mem = Lla + £IRDysCrmem Effective absorption coefficient

Ha_em_back

Ha_em_mem

Cr

Ha_em_back = O.S(Ua + fIRDyerack)

Ha_em_mem = 05(Ua + EIRDyeCmem)

Cr= (1 + Ret)/(1-Retr)

(membrane, excitation)

Effective absorption coefficient
(background, emission)

Effective absorption coefficient
(membrane, emission)

Boundary condition constant

Planar light source diffusion equation and corresponding Helmholtz equation.

The term f of on the right side of Helmholtz equation is the source term.
V-(—cVu)+au=f

To simulate a planar source with a value of f=4.1 W/m3 in COMSOL, there are direct options

for three-dimensional source.

For planar source, there is no explicit representation for /. So choosing Flux/Source, where
—n-(—cVu) =g—qu

Rearrange the Helmholtz Equation,

V-(—cVu) = f —au
So, assign f = 4.1 = g and q = 0 for the boundary conditions.



Boundary conditions equation and corresponding Helmholtz equation.

From COMSOL Helmholtz equation
—fA(—D-Vu)+qu=0

Rearrange the equation
D-Vu+qu=g
ou

St au=g

Rearrange the diffusion equation
0P
—2Cr-D-—+® =0
or

Compare the two equations, the corresponding coefficients are
g=0

1

1= 2¢r

Limitations of Model

There are several limitations to the COMSOL model. First, the 3D synovial space and
hand are only approximations of the complex tissue structures present within the hand, which
may impact light propagation. When drawing the joint in Solidworks, the exact 2D sketches of
the joint were extracted from the three anatomical planes of its MR images (sagittal, coronal and
transverse view). Then the 3D model was constructed by the lofting feature in Solidworks, using
the three sketches of top, middle and bottom planes of the transverse view as bases, and sketches
on sagittal and coronal planes as guidelines. Thus, although the model has the same anatomical
cross-section views as the MR images, the overall 3D shape is an approximation based on the
available MR images. Second, the optical phantom is also an experimental approximation of the
behavior of light in living tissue. There are no internal boundaries in the optical phantom, and the
absorption and scattering are homogeneous average values for tissue. Third, the variability in
background signal intensity was estimated based on animal data and limited clinical data with
ICG and could vary from the estimated value.



Table S3. TBR and CNR for varying Concentration Ratios

Target to Background Concentration Ratio

IRDye-800CW  TBR 10:1 5:1 2:1 11
0% 3101 192+0.09 123+0.06 1.04 +0.05
Joint 5% 32+01 198+0.09 125+0.06 1.04 +0.05
Swelling
Percentage 10% 33+01 201+0.09 126+0.06 1.04 +0.05
20% 34+02 209+0.09 129+0.06 1.04 +0.05
Target to Background Concentration Ratio
IRDye-800CW  CNR 10:1 - H | 251 11
0% 3302 1501 037009 0.07 =0.08
Joint 5% 34+02 15+01 0.39+0.09 0.07 +0.08
Swelling
Percentage 10% 35+0.2 1601 041009 0.07 =0.07

20%

3.8+0.2 1.7+01 044 +0.09 0.07 =0.07
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