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Comparison of nanoparticle penetration
into solid tumors and sites of
inflammation: studies using targeted and
nontargeted liposomes

Aim: The vast majority of nanomedicine research is focused on the use of nanoparticles
for the diagnosis and treatment of cancer. However, the dense extracellular matrix of
solid tumors restricts nanoparticle penetration, raising the question of whether the
best applications of nanomedicines lie in oncology. Materials & methods: In this study,
the uptake of folate-conjugated liposomes was compared between folate receptor-
expressing tumors and folate receptor+ inflammatory lesions within the same mouse.
Results: We demonstrate here that both folate-targeted and nontargeted liposomes
accumulate more readily at sites of inflammation than in solid tumors. Conclusion:
These data suggest that nanosized imaging and therapeutic agents may be better
suited for the treatment and diagnosis of inflammatory/autoimmune diseases than

cancer.
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Use of nanoparticles (NPs) for medical appli-
cations has attracted considerable attention
in recent years because of their enhanced
drug loading capacities, ease of multifunc-
tionalization, abilities to protect entrapped
cargoes from physiological hazards, adapt-
ability to passive and active targeting, and
improved biocompatibility [1-6]. Not sur-
prisingly, ten nanomedicines have achieved
US FDA approval and an additional 29 are
currently undergoing human clinical tri-
als [6]. With the exception of five iron oxide
formulations for MRI, all of the above NP
formulations are designed for treatment of
cancer [6,7].

While the application of nanomedicines
to cancer therapy can obviously boast suc-
cess, more detailed scrutiny of the formu-
lations has revealed that their large sizes
may compromise their abilities to penetrate
deep into a tumor mass [5.8-9]. Thus, Tor-
chilin and Jain disclosed in 1995 that tumor
permeability was inversely proportional
to NP radius [10]. Jain er al (2001) then
observed that permeation of NPs through
solid tumors was further compromised by

physical obstacles in the extracellular matrix
that forced the NPs to follow more tortu-
ous paths [11]. Publications by Grill ez /. in
2002 and Kostarelos et al. in 2004 further
revealed that liposomes primarily concen-
trate near the tumor vasculature, and fail
to diffuse deeper into tumor masses [12-14].
Finally, in 2006, Dreher ez a/ [15). expanded
on these analyses to explore the permeation
of dextrans of molecular weights ranging
from 3.3 to 2000 kDa into solid tumors.
They reported that tumor penetration of
40-70 kDa dextrans was largely limited to
15 pm from the nearest capillary and pen-
etration of 2000 kDa dextrans was mainly
restricted to only approximately 5 pm from
the closest vessel wall. Taken together, these
dara raise the question whether cancer ther-
apy constitutes the best indication for NPs
in medicine.

In this paper, we compare the abili-
ties of folate-targeted liposomes to deliver
their cargos into tumors and inflamed
lesions within the same animal (Figure 1).
The folate receptor (FR) is a 38-kDa gly-
cosylphosphatidylinositol anchored protein
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Figure 1. Mouse model of inflammation and tumors. (A) Tumor and inflamed colon, and (B) tumor and muscle

injury.

that binds the vitamin folic acid with high affinicy
(~1 nM). Conjugation of folic acid to small mol-
ecules, proteins, and liposomes permits their bind-
ing and internalization into FR+ cells by receptor-
mediated endocytosis [2,16-18]. Because many cancer
cell types overexpress FRs, it is possible to selectively
target folate-derivatized cargoes to malignant cells
within FR+ tumors [3,9.18-19]. Similarly, because acti-
vated macrophages (but not resting macrophages
or other hematopoietic cells) also overexpress FRs,
folate-linked liposomes can also be targeted to sites
of inflammation that characterize many autoimmune
diseases [17.20]. Moreover, our previously reported
studies aimed at imaging sites of inflammation with
either NPs or small molecule imaging agents in both
humans and animal models clearly demonstrate that
the vast majority of activated macrophages remain
stationary at the inflamed loci, since uptake at these
sites (and not elsewhere in the body) is invariably
observed [21-23]. Because it is possible to grow FR+
tumors in mice that are also induced to develop
FR+ inflammatory/autoimmune lesions, a direct
comparison of the ability of folate-derivatized lipo-
somes to target tumors versus inflamed tissues can
be obtained. We report below that folate-conjugated
liposomes preferentially accumulate in inflamed tis-
sues when present in mice containing FR+ tumors,
regardless of the tumor type or inflammatory disease
examined. These data suggest that the overwhelming
emphasis on use of nanomedicines in oncology may
need to be reconsidered.

Materials & methods

Preparation of liposomes

Lipids and cholesterol were purchased from Avanti
Polar Lipids (AL, USA) and used without further
purification. Folate-PEG,,  -DSPE (1,2-distearoyl-sn-
glycero-3-phosphoethanolamine-/N-[folate (polyethyl-
ene glycol)-3400]) (1) was synthesized according to a
previously reported procedure [2-324]. Folate-targeted
and nontargeted liposomes were composed of the
following:

Folate-PEG-liposomes (Fol-liposomes) were formu-
lated with DSPC (distearoyl-sn-glycero-3-phospho-
choline)/cholesterol/PEG, | -DSPE (1,2-distearoyl-sn-
glycero-3-phosphoethanolamine-/N-[methoxy(polyet
hyleneglycol)-2000])/folate-PEG,,  -DSPE (1) in the
ratio 56:40:4:0.1;

Nontargeted liposomes (NT-liposome) were formu-
lated using DSPC/cholesterol/PEG, -DSPE in the
ratio 56:40:4.

Fluorescent liposomes (liposome-DiD) loaded with DiD
(1,1-dioctadecyl-3,3,3',3"-tetramethylindodicarbocyanine)
were prepared by polycarbonate membrane extru-

3400

sion [3,18]. Lipid mixtures were dissolved in CHCI, and
dried on a rotary evaporator at 55°C and then under
vacuum to complete dryness. The lipid film was then
hydrated with 1% DiD in phosphate-buffered saline
(PBS; 20 mM Na,HPO,, 120 mM NaCl, pH 7.4) buf-
fer. Rehydration was accomplished by vigorous vor-
texing followed by ten cycles of freezing and thawing.
The lipid suspension was then extruded ten-times each
through 400, 200 and 100 nm polycarbonate mem-
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branes using a 10 ml thermobarrel extruder (Lipex Bio-
membranes, BC, Canada) driven by a positive pressure
of Argon. The liposomes were purified by size exclu-
sion chromatography on a Sepharose CL-4B column
equilibrated in PBS to produce a suspension of unila-
mellar liposomes. The stability of these liposomes have
been reported previously [2s].

Radiolabeled liposomes were formulated using
a modification of the above procedure?. Briefly, a
56:40:4 molar ratio of DSPC:CHOL:DSPE-PEG was
dissolved in EtOH/CHCI, (50°C) containing 250 puCi
[’H] cholesterol hexadecyl ester. [’H] Liposomes were
then prepared by thin lipid film hydration followed by
extrusion ten-times through a 0.2 um filter and then
ten-times through a 0.1 um filter using a 10 ml Lipex
Thermoline extruder (Northern Lipids, BC, Canada)
at 60°C. The liposomes were purified by size exclusion
chromatography on a Sepharose CL-4B column equili-
brated in PBS to produce a suspension of unilamellar
liposomes.

Size distribution of liposomes
Liposomes used in these studies all ranged from 100 to
110 nm in diameter.
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Cell culture & animal husbandry
L1210A and M109 cells were grown continuously as
a monolayer in folate-free RPMI medium contain-
ing 10% fetal calf serum and a 1% penicillin and
streptomycin antibiotic cocktail in 5% CO,:95%
air-humidified atmosphere at 37°C.

All animal procedures were approved by the Pur-
due Animal Care and Use Committee (PACUC) in
accordance with guidelines of the National Institute
of Health. All animals were maintained on a folate-
deficient diet (Teklad; Harlan Laboratories Inc.) for at
least 3 weeks prior to each study in order to reduce
serum folate levels to physiological levels. Control
animals were also maintained on a folate-deficient
diet [26].

Subcutaneous tumor generation & induction
of either ulcerative colitis or muscle injury

in mice

Six-week-old male DBA/2 or Balb/c mice (Harlan
Laboratories, IN, USA) maintained on a folate defi-
cient diet were inoculated subcutaneously on the ven-
tral thorax with FR+ M109 or L1210A cancer cells
(1.0 x 10° cells/mouse in RPMI medium), using a pre-

EDCI, i-PrEt,N, N-hydroxysuccinimide

HZN\/\[o/\T ~ONH,
76
DMSO, 23°C, 16 h

co,

/\/\ﬂ/ \/\[ /\/]/O\/\NH

1

0 0
oo o
~">o" >0 0”7 n-C H,
OH
O\n/n-CﬂHM
o)

EDCIHCI, i-PrEt,N
CHCI,, 23°C, 16 h

o
Il

T

Folate-PEG3400-DSPE (1) 0

Figure 2. Synthesis of folate-PEG3400-DSPE liposome targeting ligand 1.
DMSO: Dimethylsulfoxide; DSPE: 1,2-diastearoyl-glycero-3-phosphoethanolamine.
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Figure 3. Representative dynamic light scattering of nontargeted liposomes.
d.nm: Diameter (nm); Pdl: Polydispersity index; SD: Standard deviation.

viously reported procedure [26]. Subcutaneous tumor
growth was monitored daily and on day 11 post-tumor
inoculation, 3% dextran sodium sulfate (DSS) was
added to their drinking water for a period of 6 days to
induce ulcerative colitis (UC). The animals were then
randomly divided into different groups and injected
into the tail vein with the desired liposome prepara-
tion. The animals were sacrificed 10 h after injection
of liposomes by CO, asphyxiation, and images were
acquired as described below.

For the model of muscle injury, tumor-bearing mice
were injected with snake venom cardiotoxin from the
Chinese cobra (Naja atra) on day 12 post-tumor inoc-
ulation [27]. Briefly, the mice were anaesthetized with
3% isoflurane, and the tibialis anterior (TA) muscle of
each mouse was injected with 100 pl of cardiotoxin I
(Sigma-Aldrich). Four days after cardiotoxin injection,
the tumor-bearing rodents were injected intraveneuo-
sly with folate-targeted liposomes loaded with DiD
(Fol-liposomes-DiD) or nontargeted liposomes loaded
with DiD (NT-liposome-DiD). The animals were sac-
rificed 12 h after injection by CO, asphyxiation, and
images were recorded as described below.

In vivo fluorescence imaging of mice

Imaging of mice was performed using a Kodak Imag-
ing Station connected to a charge-coupled device cam-
era operated with Kodak Molecular Imaging Software
(version 4.0; Carestream Molecular Imaging). For
white light imaging, the following camera parameters
were used: acquisition time 0.05 s, fstop 11, focal

plane 7, field of view 200 and no binning. For fluo-
rescence imaging, the following parameters were used:
acquisition time 30 s, excitation filter of A = 625 nm,
emission filter of A = 700 nm, f-stop 4, focal plane 7,
field of view 200 and binning 4 [26].

3H-liposome biodistribution study

Twenty days after tumor cell inoculation (described
above) each mouse received 1 mg of liposomes con-
taining 250 pCi cholesterol hexadecyl ester (Perki-
nElmer, MA, USA). Animals were euthanized 48 h
later, and their tissues harvested. Solid tumors and
inflamed tissues were excised. Individual tissue sam-
ples were digested with Soluene 350 (PerkinElmer),
bleached to uniform color using hydrogen peroxide,
then added to Hionic-Fluor® scintillation cocktail
(PerkinElmer) for counting using a liquid scintilla-
tion counter (Packard BioScience, CT, USA) 18]. The
accumulated radioactivity in each sample is expressed
as a percentage of the injected dose per gram of wet tis-
sue (%ID/g). A student’s unpaired t-test was used for
all comparisons, with p < 0.05 considered statistically
significant. Competition studies were also performed
to confirm that folate-targeted liposome uptake by
tumors and sites of inflammation was mediated by
FRs [18].

Results & discussion

For this study, liposomes composed of 1,2-diastear-
oyl-glycero-3-phosphoethanolamine  (DSPE)  and
distearoyl-sn-glycero-3-phosphocholine  (DSPC)  of
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approximately 100 nm diameter were prepared. Tar- lined in Figure 2, and the properties of the resulting
geted liposomes were formulated by addition of 0.1%  folate-targeted liposomes have been described previ-
folate-conjugated DSPE 1. The synthesis of 1 is out-  ously [2.3.1825].
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Figure 4. Imaging of folate-targeted liposome uptake in mice induced to develop ulcerative colitis and implanted
with folate receptor-positive tumors. Uptake of fluorescent liposomes in Balb/C mice with ulcerative colitis and
M109 tumors (A), or DBA/2 mice with ulcerative colitis and L1210A tumors (B) was imaged using a Kodak Imaging
Station. Mice were injected (tail vein) with folate-targeted liposomes loaded with DiD (targeted), NT-liposome-
DiD (nontargeted), or a 100-fold excess of unlabeled folate-PEG-liposomes to block all available folate receptors,
followed by folate-targeted liposomes loaded with DiD 1 h later (competition). Images were obtained 12 h after
liposome injection.

DiD: 1,1"-dioctadecyl-3,3,3’,3'-tetramethylindodicarbocyanine.
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Figure 5. Biodistribution of liposomes in mice

induced with ulcerative colitis and implanted with
subcutaneous syngeneic tumors. Balb/C mice with
ulcerative colitis and M109 tumors (A), or DBA/2 mice
with ulcerative colitis and L1210A tumors (B) were
injected (tail vein) with Fol-*H-liposome (targeted),

or NT-*H-liposome (nontargeted), a 100-fold excess of
Fol-liposomes to block all available folate receptors,
followed 1 h later by Fol-*H-liposome (competition),
with n =5 mice/group. Mice were euthanized, resected,
and tissues were counted 48 h after liposome injection.
Fol: Folate; ID: Injected dose per gram (%);

NT: Nontargeted.

Fluorescent liposomes were prepared by encapsulating
1,1"-dioctadecyl-3,3,3’,3'-tetramethylindodicarbocyanine
(DiD).

DiD was selected because of its emission at relatively
long wavelength (~ 700 nm), which allows for better
visualization deep within tissues [20]. Fol-liposomes-
DiD, nontargeted fluorescent liposomes (NT-lipo-
some-DiD), and folate-targeted nonfluorescent lipo-
somes (Fol-liposomes) were then used in experiments
described below.

Comparison of liposome accumulation in inflamed
tissues relative to solid tumors required induction of
both pathologies in the same animal. Syngeneic tumor
models examined included Balb/C mice implanted
subcutaneously with M109 lung cancer cells and
DBA/2 mice implanted with L1210A lymphocytic leu-
kemia cells. UC was initiated by inclusion of dextran
sodium sulfate (DSS) in the drinking water. Following
tail vein injection of the desired liposome formulation,
uptake of the labeled liposomes was imaged using a

Kodak Imaging Station. As shown in Figure 3, nei-
ther of the fluorescent liposomes exhibited prominent
uptake in either of the implanted tumors, while both
accumulated readily in the inflamed colons (see both
Figure 3A & B). Moreover, Fol-liposomes-DiD exhib-
ited greater uptake than its nontargeted counterpart
in the ulcerated colons, suggesting that Fol-liposomes-
DiD is internalized more readily than the nontargeted
liposomes. The modest uptake of NT-liposome-DiD
in the colons was likely due to nonspecific phagocytosis
by immune cells.

In order to demonstrate that Fol-liposomes-DiD
uptake was FR-mediated, a competition experiment
was performed, where an excess of Fol-liposomes
containing no fluorescent dye was injected into the
mice and allowed to saturate all available FRs. Fol-
liposomes-DiD were then injected, and fluorescence
images were again taken. As shown in the mice on the
right, little or no fluorescence was detected, confirming
that uptake of Fol-liposomes-DiD is FR mediated.

To demonstrate that these results are not unique
to inflamed tissues associated with ulcerative colitis,
we investigated the relative uptake of the same lipo-
some formulations in a second model of inflammation
in tumor-bearing mice containing the same tumors.
Snake venom cardiotoxin from the Chinese cobra
(Naja atra) was injected into a hind limb of the mice
to induce muscle trauma and the associated inflamma-
tion [27]. Then, after injection of Fol-liposomes-DiD,
NT-liposome-DiD, or Fol-liposomes-DiD competed
with excess unlabeled Fol-liposomes mice were again
imaged as described above. As seen in Figure 4, accu-
mulation in the injured muscle tissue was significant
for the targeted liposomes, but less prominent for
both nontargeted and competed liposomes. Moreover,
uptake in the tumor tissue, regardless of whether a
lung cancer (M109) or lymphoma (L1210A) model was
employed, was negligible. And as seen before, competi-
tion with excess unlabeled FR-targeted liposomes pre-
vented capture of the targeted liposomes, demonstrat-
ing that the accumulation of folate-targeted liposomes
in the inflamed tissues was FR mediated.

In order to quantitatively evaluate the difference in
accumulation at sites of inflammation versus tumors, a
biodistribution study was carried out in the same mouse
models using either folate-targeted or nontargeted
liposomes containing *H-cholesteryl hexadecyl ester.
The accumulated radioactivity (expressed as% injected
dose per gram of excised wet tissue (ID/gm [%]) in
each tissue was then measured and compared [18].

For this purpose, mice implanted with subcutane-
ous M109 or L1210A tumors and induced to develop
ulcerative colitis were injected with either Fol"H-lipo-
somes or NT-’H-liposomes. As seen in Figure 5 uptake
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of the folate-targeted liposomes was twofold to four- Modest accumulation of nontargeted NT-"H-lipo-
fold higher in the inflamed colons than in the tumors.  somes occurred in both colons and tumors (perhaps

Targeted Nontargeted Competition

Tumor

Targeted Nontargeted Competition

Figure 6. Imaging of mice with trauma-induced muscle inflammation and subcutaneous solid tumors. Balb/C
mice with muscle trauma and M109 tumors (A), or DBA/2 mice with muscle trauma and L1210A tumors (B) were
injected (tail vein) with the following: folate-targeted liposomes loaded with DiD (targeted), NT-liposome-DiD
(nontargeted), a 100-fold excess of folate-PEG-liposomes to block all available folate receptors, followed by
folate-targeted liposomes loaded with DiD 1 h later (competition). Images were obtained 10 h after liposome
injection. Arrows indicate the locations of tumor masses.

DiD: 1,1"-dioctadecyl-3,3,3’,3'-tetramethylindodicarbocyanine.
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Figure 7. Biodistribution of liposomes in mice with
trauma induced muscle inflammation and implanted
with subcutaneous syngeneic tumors. Balb/C mice
with ulcerative colitis and M109 tumors (A), or DBA/2
mice with ulcerative colitis and L1210A tumors (B) were
injected (tail vein) with Fol-*H-liposome (targeted),

or NT-*H-liposome (nontargeted), a 100-fold excess of
Fol-liposomes to block all available folate receptors,
followed 1 h later by Fol-*H-liposome (competition),
with n =5 mice/group. Mice were euthanized, resected,
and tissues were counted 48 h after liposome injection.
Fol: Folate; ID: Injected dose per gram (%);

NT: Nontargeted.

due to phagocytosis by macrophages or EPR-mediated
passive uptake in the tumors); however, folate targeting
enhanced uptake in all tissues, with twofold to 3.5-fold
higher accumulation observed for Fol-’H-liposome
than NT-*H-liposomes (Figure 5).

A competition experiment was also performed to
confirm that uptake of Fol’H-liposome was FR-medi-
ated. As seen in Figure 5, blockade of unoccupied FRs
with excess unlabeled Fol-liposomes yielded colon and
tumor uptake values similar to nontargeted liposomes,
demonstrating that nonspecific uptake in both the
tumors and inflamed tissue does occur, but that folate-
targeting is able to significantly increase accumulation
at these sites.

A second biodistribution study was then performed
to confirm these results using the muscle injury instead
of the UC model of inflammation. In this case, uptake
in the inflamed tissues of the mice was approximately

double that of either M109 or L1210A tumor (Figure 6).
Folate-targeting of the *H-liposomes again improved
uptake, with a 2.8-fold increase in liposome reten-
tion in inflamed muscle, and a 1.5 to twofold greater
accumulation in the tumors.

Conclusion

Because many cancers overexpress a folate receptor
(FR-at) and virtually all inflamed lesions accumulate
FR-B positive macrophages [28-31], it was possible to
compare the relative uptake of both ligand-targeted
and nontargeted NPs (liposomes) by malignant versus
inflamed lesions in the same animal. Our data from
multiple animal models now demonstrate that NP
uptake by FR+ inflamed tissues always exceeds NP
uptake by FR+ malignant tissues, regardless of whether
the liposomes are targeted or not. For the targeted lipo-
somes, uptake in inflamed lesions exceeded accumula-
tion in the tumor masses by a factor of 2.3-3.8-fold,
depending of the tumor type and nature of inflam-
matory disease examined. While these differences are
compelling in their own right, the differences prob-
ably constitute a vast underestimate, since the tumor
mass is comprised primarily of cancer cells whereas the
inflamed lesions consist predominantly of the normal
tissue, with activated macrophages contributing only a
small fraction of the total cell population. Moreover,
the cancer cell lines that we employed both express
>10¢ FRs/cell [32-35], whereas the average activated
macrophage expresses between 100,000 and 200,000
FRs/cell. Thus, the opportunity for a folate-deriva-
tized liposome to encounter an FR-expressing cell is
much greater in the tumor mass than in the inflamed
lesions. The fact that the liposomes still accumulated
more intensely at the sites of inflammation argues
strongly for more pervasive penetration of the NPs into
the inflamed than malignant tissues.

Although only two models of inflammation were
examined in this study, the general conclusions
should still be relevant for virtually all inflammatory
and autoimmune diseases. Thus, folate receptor posi-
tive macrophages have been shown to accumulate in
inflamed lesions of patients with rheumatoid arthri-
tis, Crohn’s disease, atherosclerosis, osteoarthritis,
Sjogren’s syndrome, ischemia reperfusion injury, vas-
culitis, idiopathic pulmonary fibrosis, asthma, pso-
riasis and multiple sclerosis [31,36-42], and these same
sites of inflammation are characterized by increased
vascular permeability due to the prominent release of
such regulators of endothelial function as TNF-a. [43],
VEGF (44, histamine [45] and IL-2 [46]. By contrast,
while solid tumors are often characterized by a leaky
vasculature, their dense extracellular matrices and high
cellular densities can strongly suppress NP permeation
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beyond the capillary wall. Because targeted NPs can
only dock onto their cognate receptors if they can reach
the targeted cell surface, uptake of both targeted and
nontargeted NPs may be determined more by their ease
of passage between tumor cells than by their abilities to
exit the vasculature. The fact that tumor accumulation
of our FR-targeted liposomes exceeded accumulation
of the nontargeted liposomes by only twofold to three-
fold (Figures 4 & Figure 7, while delivery of FR-targeted
small molecules exceeds that of nontargeted small
molecules by approximately 50-fold [47], suggests that
particle size rather than FRs availability determines the
magnitude of NP uptake into solid tumors.

Future perspective

Interrogation of literature databases over the last
5 years reveals that a 100-times more nanomedicine
publications have focused on oncology than autoim-
munity and related pathologies [48]. Given the better
accessibility of NPs to sites of inflammation estab-
lished here, we envisage an increased exploration of
NP formulations for treatment of autoimmune and
inflammatory diseases, with special emphasis on bio-

degradable polymers where chronic administration is
required [49]. We also anticipate that many current NP
formulations that prove ineffective in oncology appli-
cations may still find utility in the autoimmune or
inflammatory disease field.

Financial & competing interests disclosure
The authors have no relevant affiliations or financial involve-
ment with any organization or entity with a financial inter-
est in or financial conflict with the subject matter or mate-
rials discussed in the manuscript. This includes employment,
consultancies, honoraria, stock ownership or options, expert
testimony, grants or patents received or pending, or royalties.
No writing assistance was utilized in the production of this
manuscript.

Ethical conduct of research

The authors state that they have obtained appropriate institu-
tional review board approval or have followed the principles
outlined in the Declaration of Helsinki for all human or animal
experimental investigations. In addition, for investigations in-
volving human subjects, informed consent has been obtained
from the participants involved.

Executive summary

Background
and treatment of cancer.

Results & discussion

inflammation than in solid tumors.
Conclusion

inflammatory/autoimmune diseases than cancer.

e The overwhelming majority of nanomedicine research is focused on the use of nanoparticles for the diagnosis

e Solid tumors often possess a dense extracellular matrix that restricts deep penetration throughout the tumor.

e The uptake of folate-conjugated liposomes was compared between folate receptor-expressing tumors and
folate receptor+ inflammatory lesions were studied within the same mouse.

* We demonstrate that both folate-targeted and nontargeted liposomes accumulate more readily at sites of

e Targeted nanoparticles were taken up more aggressively than their nontargeted counterparts.

¢ Nanosized imaging and therapeutic agents may be better suited for the treatment and diagnosis of
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