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ABSTRACT: Recent evidence regarding the role of regulatory T cells (Treg) in TUMOR
tumor development has suggested that the manipulation of T, function selectively /_; \
in the tumor microenvironment would be a desirable immunotherapy approach. - '

Targeting intratumor immune populations would reduce side effects on peripheral
healthy cells and increase antitumor efficacy of immunotherapies. However, no
current approaches are available which enable selective in vivo targeting of intratumor
T,, or other immune cell subpopulations. Herein, we investigated the ability of
ligands against T,.-specific receptors to drive selective internalization of PEG- e,
modified single-walled carbon nanotubes (PEG-SWCNTs) into T, residing in the Low i
tumor microenvironment. We focused our attention on the glucocorticoid-induced
TNFR-related receptor (GITR), as it showed higher overexpression on intratumor vs
peripheral (i.e, splenic) T,., compared to other reported T,-specific markers (folate receptor 4, CD103, and CD39). Ex vivo
investigations showed that the T, targeting efficiency and selectivity of PEG-SWCNTs depended on incubation time, dose,
number of ligands per nanotube, and targeted surface marker. In vivo investigations showed that PEG-SWCNTs armed with
GITR ligands targeted T, residing in a B16 melanoma more efficiently then intratumor non-T,,, or splenic T,,. The latter result
was achieved by exploiting a combination of passive tumor targeting due to enhanced tumor vascular permeability, naturally
increased intratumor T, vs effector T cell (T,g) ratio, and active targeting of markers that are enriched in intratumor vs splenic
T, We also found that PEG-SWCNTs loaded with GITR ligands were internalized by T, through receptor-mediated
endocytosis and transported into the cytoplasm and nucleus ex vivo and in vivo. This is the first example of intratumor immune
cell targeting and we hope it will pave the way to innovative immunotherapies against cancer.
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mong T cell subpopulations, CD4*CD25"¢"FoxP3* antitumor phenotype and the inflammatory vs noninflamma-
regulatory T cells (T,g), which are able to suppress the tory nature of the tissue in which the tumor develops
response of CD4"FoxP3~ effector T cells (T,g), have been the determines whether T,, will inhibit or promote tumor

object of intense investigation for tumor immunotherapy in the development, respectively.”” These observations might help
past decade.”? T, are harnessed by tumors to protect
themselves from host antitumor responses. Earlier studies
have shown that T, are present in increased numbers and
display an activated phenotype in several tumor microenviron-
ments.>* The increased Ty vs Teg ratio (for example, see
Figure S1A) might help shape the tumor microenvironment to
enable tumor permissiveness and has provided a rationale for
considering systemic T, depletion an efficient therapeutic would also reduce side effects on peripheral healthy cells and
approach. However, recent clinical studies have shown that increase antitumor efficacy of immunotherapies. However, no

systemic depletion of human T, is often transient due to quick

explain why attempts at boosting the antitumor immune
response by systemic depletion of T, have met limited clinical
success and suggest that manipulation of T, function—rather
than their systemic depletion—selectively in the tumor
microenvironment might be the next frontier of tumor

immunotherapy.8’9 Targeting intratumor immune populations
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peripheral Treq replenishment by conversion of T into Treg.5 Received: February 5, 2013
Furthermore, studies carried out in colon and head and neck Revised: ~ May 9, 2013
cancers suggested that not all intratumor T, display an Published: May 19, 2013
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current approaches are available that enable efficient and
selective in vivo targeting of intratumor T,

The use of nanodrugs, obtained by loading known drugs
into/onto nanotechnology-derived particles (nanoparticles),
offers the opportunity to improve the therapeutic index of
drugs by altering bioavailability and reducing the potential of
side-effects.'™"> Among the recently developed nanoparticles,
PEG-modified single-walled carbon nanotubes (PEG-
SWCNTs) have garnered considerable attention in the
biomedical community.'* Because of the PEG-SWCNTSs’
unique intrinsic properties'>~"7 and favorable biological
performance,lg_20 several research groups have been inves-
tigating PEG-SWCNTs as carriers for targeted delivery of drugs
into specific tissues and/or cell subpopulations.”’ Of note,
PEG-SWCNTSs conjugated to tumor surface marker ligands
have been successfully exploited to deliver anticancer drugs into
tumor cells due to the excellent permeability and retention
(EPR) features of PEG-SWCNTSs.>* "

Here, we provide proof of principle evidence of efficient and
selective targeting of PEG-SWCNTs to intratumor T, by
taking advantage of tumor tissue passive targeting, naturally
increased intratumor T, vs T ratio, and active targeting of
markers that are enriched on intratumor vs peripheral T,
(Figure 1). We followed a multistep approach: the expression
of known T, enriched markers was assessed on cell

mm = SWCNT
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& = targeting agent =
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Figure 1. Intratumor T,,-specific targeting by PEG-SWCNTs.
Intratumor CD4*CD25"¢"FoxP3* regulatory T cells [Trep blue cells
(1)] were targeted more efficiently and selectively than peripheral (i.e.,
splenic) T,,, by PEG-modified single-walled carbon nanotubes (PEG-
SWCNTs) armed with ligands against known T,eg-specific receptors
(i-e., glucocorticoid-induced TNFR-related receptor). This result was
achieved by exploiting a combination of passive targeting due to
enhanced tumor vascular permeability (big yellow arrows) and poor
lymphatic drainage (not shown), active targeting of markers that are
enriched in intratumor vs peripheral T, (a T,.g-specific marker is
depicted 3-fold more expressed on intratumor than splenic T,) and
naturally increased intratumor ratio between T,, and other cells
subsets [i.e., CD4"FoxP3~ "effector” T cell, T4 (2)ﬁ (Teq vs Tog ratio
is depicted 4-fold higher in the tumor than in the spleen). Highly
efficient and selective targeting of intratumor T, is depicted by the
big arrow pointing to T, and the crossed small arrow pointing to
other cell subsets [i.e, T CD8" T cells (3), macrophages (4), and
cancer cells (5)], whereas scarcely efficient and selective targeting of
splenic T,,, in tumor-bearing mice is depicted by crossed small arrows
pointing to splenic cells.
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subpopulations residing in healthy tissues and tumors; high
affinity clones of available ligands against those markers were
selected; the ex vivo dependence of PEG-SWCNT T,,-
targeting efficiency and selectivity on number of antibodies
per nanoparticle, incubation time, and dose was investigated;
the pharmacokinetic profile of ligand-loaded PEG-SWCNTs
and their in vivo targeting of intratumor T, was assessed. Our
results showed that PEG-SWCNTs conjugated with ligands
against the glucocorticoid-induced TNFR-related receptor
(GITR) were preferentially uptaken by T, residing in the
microenvironment of a B16 melanoma while much less
efficiency and almost no selectivity was evident in the spleen.
This is the first example of intratumor immune cell targeting
and we hope it will pave the way to innovative immuno-
therapies against cancer.

PEG-SWCNTs were fabricated by a noncovalent protocol
based on the adsorption of PEG-modified phospholipids onto
SWCNT sidewalls and the successive decoration with
fluorochromes and targeting ligands.”®** We characterized the
nanoparticles by elemental analysis, UV—vis spectroscopy, and
atomic force microscopy (AFM). The nanoparticles were free
from metallic impurities and sterile. As suggested by AFM
(Figures 2A and S2) and the sharp peaks in the UV—vis
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Figure 2. PEG-SWCNTs used for intratumor T,-specific targeting. A.
AFM image of PEG-SWCNTs deposited on mica (scan size 2.5 X 2.5
um?). B. PEG-SWCNT length distribution (n = 300).

absorption spectrum corresponding to van Hove singularity
transitions (data not shown), a stable dispersion of individual
nanoparticles was formed under physiological conditions (see
Supporting Information). The length of PEG-SWCNTs was
measured by AFM (101 + 41 nm, Figure 2B). We calculated
that the density of PEG chains on the PEG-SWCNTSs was equal
to approximately 0.14 mmol per gram of nanotube material,
which corresponds to ~24 PEG chains per nanotube (see
Supporting Information).

In order to achieve T -selective delivery of therapeutic cargo
(active targeting), we sought markers preferentially expressed
on T, We assessed the expression of four known T,
enriched markers, GITR,* folate receptor 4 (FR4),>" CD39,
and CD103,** and found that GITR and FR4 are enriched in
T, vs Ter Importantly, all four markers showed increased
expression on intratumor vs splenic T, (Figure SIB), a feature
that could be exploited to further increase specificity of delivery
to intratumor T, GITR showed the highest expression on
intratumor T, and was prioritized for further investigation
(Figure S1B).

We tested two commercially available clones of anti-GITR
mAbs, DTA-1, and YGITR 765, and found that DTA-1 has
higher affinity for GITR than YGITR 765 (Figure S3).
Therefore, we selected DTA-1 as the ligand for active
nanoparticle targeting. In preliminary experiments we found
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Figure 3. A—C. Ex vivo effect of number of ligands per nanotube, incubation time, and dose on PEG-SWCNT-DTAI T cell-targeting efficiency. A.
Total splenocytes from 4- to 8-week-old C57BL/6] GFP-FoxP3 mice were incubated with 300 pM of DyLight650-labeled PEG-SWCNTs loaded
with 0, 1, S, or 10 anti-GITR (clone DTA-1) mAb/SWCNT in PBS for 1 h. Splenocytes treated with PBS alone were used as control. B. Total
splenocytes were incubated with 300 pM of DyLight650-labeled PEG-SWCNTs loaded with 0 or $ anti-GITR (clone DTA-1) mAb/SWCNT in
PBS for 1 h, 6 h, or cultured for additional 5 h after 1 h of nanoparticle incubation. C. Total splenocytes were incubated with 100 pM, 300 pM, or 1
nM of DyLight650-labeled PEG-SWCNTs loaded with 0 or S anti-GITR (clone DTA-1) mAb/SWCNT in PBS. Next, splenocytes were stained with
eFluor 450 anti-CD4 mAb and subjected to FACS analysis. Cells were gated as unstained cells (CD4 FoxP3"), T (CD4*FoxP3~), and Treg
(CD4'FoxP3*) as in Figure S1A. All experiments were performed in triplicate. Data (mean + standard deviation) show the frequency of cells with
fluorescence higher than the 99.9th percentile of control (PBS-treated) cells as a measure of targeting efficiency. Statistical analysis was performed
through the nonparametric Mann—Whitney U analysis (* 0.01 < p < 0.05). D. Ex vivo intracellular trafficking of PEG-SWCNTs (confocal
microscopy). Confocal images of a sequence of 500-nm-thick slices (from left to right: starting from the upper face to approximately cell center)
were taken from representative T, sorted from total splenocytes from 4- to 8-week-old C57BL/6] GFP-FoxP3 mice incubated with 300 pM of
DyLight650-labeled PEG-SWCNTs loaded with § anti-GITR (clone DTA-1) mAb/SWCNT in PBS for 1 h, cultured for additional S h after 1 h of
nanoparticle incubation, or 6 h. Yellow arrows indicate that PEG-SWCNTs were first entrapped into endo/lysosomal compartments (upper panel)
translocated to the perinuclear region, and finally released into the cytoplasm and transported into the nucleus of T,,, (middle and lower panels).

that after conjugation to PEG-SWCNTs, DTA-1 enabled analysis showed that increasing the incubation time from 1 to 6
efficient and selective in vitro internalization of the nano- h led to a very small increase in T,-targeting efficiency (Figure
particles into the cytoplasm (and, although in much lower 3B) and a decrease in both T,,, vs CD4 FoxP3~ and T, vs Tegt
amounts, into the nucleus) of Jurkat T cells transfected with a targeting selectivity due to increased nonspecific nanotube
GITR expression vector compared to nontransfected cells uptake (Figure SSB). Cells cultured for additional S h after 1 h
(Figure S4). Jurkat cells constitutively express very low levels of of nanoparticle incubation showed a minimal decrease in
GITR on their plasma membrane; thus, they represent a good targeting efficiency for all cell subpopulations and no change in
model for preliminary investigations about the targeting targeting selectivity compared to 1 h of incubation (Figures 3B
efficiency and selectivity of GITR-targeted PEG-SWCNTs. and SSB). These results suggest that cells undergo almost
Next, we investigated the effects of number of antibodies per maximal internalization of nanoparticles after short incubation
nanotube (mAb/SWCNT), incubation time and dose on the times, and retain the internalized material for a long time even
T, targeting efficiency (assessed as percentage of PEG- after the nanoparticles are washed away from the media. Finally,
SWCNT" cells in a cell subpopulation), and selectivity (ratio we assessed the effect of different concentrations (100, 300, and
between SWCNT" cells among two cell subpopulations) of 1000 pM) of PEG-SWCNTs carrying S DTA-1/SWCNT for 1
PEG-SWCNT-DTAL ex vivo. Total splenocytes from 4- to 8- h. FACS analysis showed that increasing nanoparticle
week-old GFP-FoxP3 knock-in (KI) mice were incubated for 1 concentration from 100 pM to 300 pM resulted in increased

h with 300 pM of PEG-SWCNTs carrying 1, S, or 10 DTA-1/ T,y-targeting efficiency (Figure 3C) and both T Vs
SWCNT.>* FACS analysis showed that increasing the density CD4 FoxP3™ cells and T, vs T selectivity (Figure SSC);

of DTA-1/SWCNT from 1 to 5 led to an increase in T, however, higher nanoparticle concentrations (1 nM) did not
targeting efficiency and selectivity, whereas increasing the DTA- result in further increased targeting efficiency or increased
1 density to 10 DTA-1/SWCNT resulted in overall decreased selectivity (Figures 3C and SSC).

efficiency and selectivity (Figures 3A and SSA).3%3¢ Next, total We investigated the mechanism of T,-internalization of

reg
splenocytes were incubated with 300 pM of PEG-SWCNTs PEG-SWCNT-DTAL1 and found that the nanoparticles were

carrying S DTA-1/SWCNT for 1 or 6 h, or cultured for internalized through an energy-dependent mechanism (likely
additional S h after 1 h of nanoparticle incubation. FACS postreceptor engagement endocytosis) (Figure S6). The

854 dx.doi.org/10.1021/bc400070q | Bioconjugate Chem. 2013, 24, 852—858



Bioconjugate Chemistry

A. Pharmacokinetic B. Targeting efficiency C. Targeting efficiency
profile (spleen of healthy mice) (B16-bearing mice)
161 — Healthy €16, 5 = Unst § 16 ® Unst
E | = B16-bearing o149 m T, 214 | | 8Ty
o, | =124 =T, &121 m T,
210 \]l g 10 | S10
d | 8 8. |
5 s : ¢ sel |
= £ 4 £ 4
: i:l ﬂl H'N
u—‘: g 0 Il i.ll g ol i

L Pt L SR

PO (P 3 g
Time (h) o & T s Y

D. Confocal imaging

Q00000

Figure 4. In vivo T,,, targeting by PEG-SWCNTs. A. Groups of three 4—8-week-old C57BL/6] healthy or B16-bearing littermate mice were given a
single injection of 20 yg PEG-SWCNT-DTALI labeled with 750 nm-emitting fluorochrome in 100 4L of PBS. Blood samples (approximately 100 L)
were collected at different time points and their NIR-emission was measured to calculate the concentration of PEG-SWCNT-DTALI (ug/mL) in the
blood. To calculate the pharmacokinetic parameters of PEG-SWCNT-DTA1 (Table 1), the values of PEG-SWCNT-DTAL1 concentration in the
blood were fitted to a two-compartmental model. B. Groups of three 4—8-week-old C57BL/6] GFP-FoxP3 littermate mice were given a single
injection of S pg of DyLight650-labeled PEG-SWCNTs loaded with S anti-GITR mAb/SWCNT, S anti-HA mAb/SWCNT, or ligand-devoid.
Splenocytes were collected after 24 h, stained with eFluor 450 anti-CD4 mAb, and subjected to FACS analysis. Cells were gated as unstained cells
(CD4 FoxP3~), Tz (CD4*FoxP3"), and Treq (CD4'FoxP3*) as in Figure S1A. Experiments were performed in triplicate. Data (mean = standard
deviation) show the frequency of cells with fluorescence higher than the 99th percentile of cells from control (PBS-treated) mice as a measure of
targeting efficiency. Statistical analysis was performed through the nonparametric Mann—Whitney U analysis (* 0.01 < p < 0.05). C. 4—8-week-old
CS7BL/6] GFP-FoxP3 littermate mice carrying palpable tumors of 6—8 mm in diameter were given a single injection of 5 ug of DyLight650-labeled
PEG-SWCNTs loaded with S anti-GITR mAb/SWCNT. Splenocytes and B16 tumor cells were collected after 24 h, stained with eFluor 450 anti-
CD4 mADb, and subjected to FACS analysis. Cells were gated as unstained cells (CD4 FoxP3"), T.; (CD4"FoxP3~), and Treg (CD4*FoxP3") as in
Figure S1A. Experiments were performed in triplicate. Data (mean + standard deviation) show the frequency of cells with fluorescence higher than
the 99th percentile of cells from control (PBS-treated) mice as a measure of targeting efficiency. Statistical analysis was performed through
nonparametric Mann—Whitney U analysis (* 0.01 < p < 0.05). D. Confocal images of sequences of 500-nm-thick slices (from left to right: starting
from the upper face to approximately cell center) were taken from representative T, cells sorted from splenocytes isolated from treated healthy
mice. The scattered fluorescence in the last slices (approximately cell center) suggested that PEG-SWCNTs reached the cytoplasm and nucleus of

Ty in vivo.

nanoparticles’ intracellular trafficking was also investigated. T, CD8" T cell-targeting efficiency and selectivity when loaded
were sorted from total splenocytes incubated with PEG- with less than S anti-CD8a mAb/SWCNT (Supporting
SWCNT-DTALI for 1 h, 6 h, or cultured for additional 5 h after Information and Figure S8D).

1 h incubation and visualized by confocal fluorescence Next, we investigated the in vivo targeting efficiency and
microscopy. Confocal images of T, central planes showed selectivity of PEG-SWCNT-DTAIL. First we assessed the
punctate structures in the proximity of the plasma membrane in pharmacokinetic profile of the nanoparticles to confirm that
cells incubated for 1 h; these structures moved into the appropriate serum nanoparticle concentration could be
cytoplasm or gave way to a diffuse nuclear fluorescence after 5 h achieved and maintained for sufficient time after parenteral
of additional incubation in nanoparticle-free media. A diffuse injection. Groups of three C57BL/6] littermate mice received a
nuclear fluorescence of T, was also observed in cells incubated single retro-orbital injection of 20 pg of PEG-SWCNTs
for 6 h in nanoparticle-containing media (Figures 3D and S7). carrying S DTA-1/SWCNT and labeled with NIR-emitting
Taken together these results suggested that PEG-SWCNT- fluorochromes. NIR emissions of blood samples collected at
DTAL are internalized by T, through GITR-mediated different time points were measured, the values of PEG-
endocytosis and entrapped into endosomes, which then fuse SWCNT-DTAIL concentration in the blood calculated and
with lysosomes. Next, the nanoparticles are released into the fitted to a two-compartmental model (R = 1) (Figure 4A), and

cytoplasm and finally transported into the cell nucleus (see the pharmacokinetic parameters of PEG-SWCNT-DTAI1

Supporting Information).*” calculated (Table 1 and Supporting Information).” Next,

Using a similar approach, we tested the ex vivo T, targeting groups of three GFP-FoxP3 littermate mice received single
efficiency and selectivity of PEG-SWCNTs conjugated to anti- retro-orbital injection of different amounts of PEG-SWCNTs
FR4, anti-CD103, and anti-CD39 mAbs (Figure S8). These carrying S DTA-1/SWCNT and were sacrificed 24 h after
investigations showed that the maxima of T, targeting administration. Splenocytes were isolated and subjected to
efficiency and selectivity were proportional to the levels of FACS analysis. In line with our previous ex vivo findings that
marker expression in the following order: GITR > FR4 > CD39 use of higher concentrations of nanoparticles does not
(Figure S9). We also assessed the targeting efficiency and automatically translate into better targeting efficiency and
selectivity of PEG-SWCNT's targeted to another very important selectivity (Figures 3C and SSC) we found that the best uptake
intratumor T cell subpopulation (CD8* T cells) by using anti- efficiency and selectivity occurred in mice treated with relatively

CD8a mAbs.*® PEG-SWCNTs showed the best combination of low doses (S ug) of targeted nanoparticles (Table S1 and

855 dx.doi.org/10.1021/bc400070q | Bioconjugate Chem. 2013, 24, 852—858
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Table 1. Pharmacokinetic Parameters of PEG-SWCNT-
DTA1?

Tosa Tos AUC,, [h V. Vi V;  Cy[mL
' B kgmif] i) i) ) b7
Healthy 0.4 1.9 15.2 1.7 2.8 3.5 1.3
mice
Bl16-bearing 0.1 2.9 16 2.1 4 52 1.3
mice

“Groups of three C57BL/6] healthy or B16-bearing littermate mice
were retro-orbitally given a single injection of 20 pg of PEG-SWCNT-
DTAL labeled with a 750-nm-emitting fluorochrome in 100 uL of
PBS. Blood samples were collected at different time points, and the
near infrared (NIR)-emission of each sample was measured and used
to obtain the pharmacokinetic parameters of PEG-SWCNT-DTALl
(see Supporting Information). Tys, = distribution halflife; Tos5 =
elimination half-life; AUC_, = area under the concentration curve; V. =
volume of distribution of the central compartment; V = volume of
distribution in steady state; Vj; = volume of distribution in f-phase; C;
= clearance.

Figure 4B). A very low nonspecific internalization into T,,, was
observed when mice were injected with 5 pg of PEG-SWCNT's
loaded with S control (anti-HA) mAbs or no mAb (Figure 4B).
In order to ensure that the nanoparticles underwent internal-
ization in vivo, we assessed their localization by confocal
microscopy. T, were sorted from splenocytes of GFP-FoxP3
littermate mice retro-orbitally injected with 5 ug of PEG-
SWCNTs loaded with S DTA-1/SWCNT and sacrificed 24 h
postadministration. Confocal microscopy revealed that PEG-
SWCNT-DTA1 were diffusely localized within the cytosol and
nucleus of T, of treated mice (Figure 4D).>

Finally, we validated the hypothesis that ligand-conjugated
PEG-SWCNTs undergo intratumor enrichment and enable
preferential in vivo targeting of intratumor T, First we
assessed the pharmacokinetic profile of PEG-SWCNT-DTAL in
B16-bearing mice. Groups of three C57BL/6] B16-bearing
littermate mice received a single retro-orbital injection of 20 ug
of PEG-SWCNTs carrying S DTA-1/SWCNT and labeled with
NIR-emitting fluorochromes. Blood samples were collected at
different time points, their NIR emission recorded, and the
blood concentration of PEG-SWCNT-DTALI as a function of
time calculated (Figure 4A). The pharmacokinetic parameters
of PEG-SWCNT-DTALI are reported in Table 1. It is worth
noting that PEG-SWCNT-DTA1 exhibited a 4-fold lower
distribution half-life and a slightly higher elimination half-life in
B16-bearing mice with respect to healthy mice. Differences in
the circulation time of spherical nanoparticles in healthy and
tumor-bearing mice have been described.** This phenomenon
could be due to fast nanoparticle extravasation from tumor
vessels, which may explain the faster distribution half-life of
nanotubes in tumor-bearing mice with respect to healthy mice,
and/or differences between the protein corona adsorbed onto
nanoparticles circulating in the bloodstream of tumor-bearing
mice and that adsorbed onto nanoparticles circulating in the
bloodstream of healthy mice.*' Next, we retro-orbitally injected
groups of three GFP-FoxP3 B16-bearing littermate mice with a
single S pig dose of PEG-SWCNTs carrying S DTA-1/SWCNT
and sacrificed the animals 24 h postadministration. We found
that PEG-SWCNT-DTAL targeted intratumor T, with more
than 3-fold higher efficiency with respect to splenic T,
whereas the efficiency of Tgtargeting was similar for both
tumor tissue and spleen (Figure 4C). Due to a pathologic
increase in the T, T ratio (Figure S1A) in the tumor

reg
microenvironment, this translated into an approximately 10-

856

fold higher T,.: T targeting selectivity in the tumor tissue vs
the spleen. Interestingly, although tumor-bearing mice
displayed a nearly doubled number of splenic T,., compared
to healthy animals, splenic T,., were targeted with much less
efficiency in tumor-bearing vs healthy mice. Thus, the splenic
Ty T targeting selectivity of PEG-SWCNT-DTAL was
comparable between healthy and tumor-bearing mice.

In summary, we investigated the ability of T,-specific
receptors to drive internalization of PEG-SWCNTs into Treq X
vivo and in vivo. We focused our attention on the
glucocorticoid-induced TNFR-related receptor (GITR), as it
showed higher overexpression on intratumor vs splenic T,
compared to other reportedly T,-specific markers (FR4,
CD103, and CD39) (Figure S1B). Our ex vivo investigations
using splenocytes collected from healthy mice showed that the
targeting efficiency and selectivity of PEG-SWCNT's depend on
number of ligands per nanotube, incubation time, dose, and
targeted surface marker. PEG-SWCNTs loaded with GITR
ligands (anti-GITR mAbs, clone DTA-1) were internalized by
T, through receptor-mediated endocytosis and transported
into the cytoplasm and nucleus ex vivo and in vivo. Importantly,
injection of PEG-SWCNT-DTAL in animals carrying tumors
enabled very good targeting of T, residing in the tumor
microenvironment, while much less efficiency and almost no
selectivity was evident in the spleen. The mechanism of this
interesting phenomenon remains to be elucidated; however, we
speculate that preferential penetration of nanoparticles into the
tumor microenvironment compared to other tissues (ie.,
spleen) was a consequence of EPR effect. The naturally
increased intratumor T, vs T ratio and the use of markers
that are enriched in intratumor vs peripheral T, (i.e., GITR)
helped increase the efficiency and selectivity of intratumor T
targeting.

This investigation is the first example of selective intratumor
targeting of T, and we hope it will pave the way to novel
oncologic immunotherapies based on T,g-selective functional
manipulation. Further optimization of the technology and
improved understanding of the physiological variables affecting
its success are needed in order to increase translatability. This
includes a deeper knowledge of the molecular pathways driving
the functions of intratumor T, and of the phenotype/surface
markers of human T, (i, pro- vs antitumor) and the

development of new ligands for intratumor T, and other

. . .6
intratumor immune cell populations.®’

reg
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