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The effectiveness of anticancer therapy can be
improved by non-invasive visualization of changes
in tissue and cells before and after treatment. Here,
we have measured the time course of MCF-7 breast
cancer cell growth noninvasively by 19F Magnetic
Resonance Imaging (MRI) in response to treatment
with fluorinated Trastuzumab. MCF-7 cells were
cultured in a Hollow Fiber Bioreactor (HFBR)
device to obtain 3D growth of cells mimicking
breast cancer tumor volume (1). In the next step, we
applied MRI to examine the effect of administration
of Trastuzumab alone and Trastuzumab conjugated
with fluorinated and non-fluorinated dendrimer for-
mulations in the 3D cell cultures. Trastuzumab is a
targeting antibody known to target the HER-2 recep-
tor in HER-2 overexpressing MCF-7 cells. One
objective of this study was to determine differences
in cellular delivery between Trastuzumab alone and
Trastuzumab conjugated to fluorinated and non-flu-
orinated conjugates by MRI. Here, we demonstrate
the suitability of an MRI assay to noninvasively
track the treatment response in MCF-7 cancer cells.
Trastuzumab treatments effectively shorten the lon-

gitudinal (T1) and transverse relaxation time (T2) of
protons through changes in cellular water content
resulting in both T1 and T2 contrast. Differences in T1

and T2 allow for differentiation between untreated
cell culture and treated cultures containing protein-
bound receptors (2).

It is known that dendrimers can be used as car-
riers of anti-cancer drugs. Dendrimers are organic
compounds with a very regular structure consisting
of a core and radiating branches. Dendrimers can be
associated with the monoclonal antibody Trast-
uzumab and serve as a delivery vehicle to cell recep-
tors and serve as a reporter. Dendrimers can trans-
port a drug in two ways: by covalently binding drug
molecules to surface amine groups of the dendrimer
or drugs can be encapsulated in spaces between
branches (3). Dendrimers can carry many sub-
stances for both therapy and diagnostics including
fluorescent markers, photosensitizers, or monoclon-
al antibodies as reported here. The presence of a
large number of amine groups on the surface of the
dendrimer creates a myriad of possibilities for syn-
thesizing dendrimer-drug conjugates that have a
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direct impact on increasing the effectiveness of ther-
apy and minimizing its toxic effects on normal cells
(4). 

Trastuzumab dendrimer conjugates offer
advantages in addition to tracking such as protection
from premature clearance and this advantage may
lead to a reduction in dose without compromising
therapeutic effect. Direct release of Trastuzumab
dendrimer conjugates within a tumor microenviron-
ment reduces cytotoxicity in healthy cells (5).
Trastuzumab-dendrimer conjugates are also effec-
tively transported to cancer cells which have been
confirmed by viability tests and 19F MRI. The utility
of antibodies for in vitro applications (6), cancer
therapeutics (7-10), and in tumor MRI (11) has been
reported. 

Detection and tracking of Trastuzumab by
MRI can be accomplished by attaching 19F-labeled
conjugates. In addition to 19F, incorporation of 13C
and 15N nuclei into biopharmaceuticals also enables
tracking by eliminating background tissue signals
(12, 13). The images obtained by multinuclear MRI
can be combined with 1H MRI images to improve
tumor visualization (14). 

EXPERIMENTAL

Materials

Human Adenocarcinoma MCF-7 Cell line for
cell cultures was supplied from ATCC (American
Type Culture Collection (ATCCÆ), Manassas, VA,
USA). All compounds for cell cultures were sup-
plied by Fisher Scientific (Oakland, ON, Canada).
Trastuzumab (Herceptin) was purchased from
Genetech Inc. (San Francisco, CA, USA) Collagen
bovine type Lyophilized Fibrous Powder from
Tendon (Advanced BioMatrix, USA), Penicillin ñ
Streptomycin ñ Neomycin Solution Stabilized, Fetal
Bovine Serum (FBS), Epidermal growth factor
(EGF) was from Sigma Aldrich, (Sigma -Aldrich,
USA). Growth media for cells were prepared under
sterile conditions in a laminar airflow chamber. For
development of the 3D cell culture, we employed a
Hollow Fiber Bioreactor (FiberSystem Cell Inc.,
Frederic, MD). All organic solvents and PAMAM
dendrimers were purchased from (Sigma Aldrich
Company Ltd., Dorset, United Kingdom). 

Cell culture

Human Gland Mammary Adenocarcinoma
Cells (MCF-7) with HER-2 overexpression were
grown in two-dimensional standard cell cultures
until a density of 0.5 ◊ 105 cells/mL was achieved
(15). To obtain this cell density, CO2 independent

medium (Gibco/Invitrogen Corp.) supplemented
with 10% FBS, 1% L-Glutamate, and 1% antibiotic
(penicillin/streptomycin) was used. A total of 24
bioreactors were used for the study of MCF-7 cells,
3 bioreactors were set up for control MCF-7 cell
growth, and 21 bioreactors were used for 7 selected
drug concentrations of Trastuzumab, Trastuzumab-
dendrimer, and Trastuzumab 19F fluorinated den-
drimer conjugates. HER-2 overexpression was con-
firmed by cytometric analysis (15). Cell counting
was done using a hemacytometer. MCF-7 cells
(0.5 ◊ 105 cells/mL) were seeded in the HFBR. The
bioreactor is a closed-loop system comprised of a
100 mm polysulfone tube with one fiber. The poly-
sulfone fiber was coated with 10 mL of collagen
solution (1 mg collagen per 1 mL of phosphate-
buffered saline (PBS) and 10 mL of fibronectin
solution (10% in culture media). We used a collagen
solution to create an extracellular matrix between
the cells and the fiber. To mimic in vivo like condi-
tions, we attempted to use fibronectin including col-
lagen solutions. After the inoculation, the HFBR
device was perfused using a peristaltic pump. The
flow of medium was adjusted at the rate of 
5 mL/min and gradually increased to 14 mL/min.
The pH was maintained between 6.8 and 7.0 in the
extra capillary space throughout the duration of
experiments. The perfusion medium was changed
weekly when the glucose level reached 2 g/L as
measured with a glucometer. Once cells reached a
density of 109 cells/mL (4 weeks), they were used
for treatment with Trastuzumab and Trastuzumab
conjugates such as Trastuzumab-dendrimer and
Trastuzumab 19F drug conjugates. At the same time,
control MCF-7 cells were grown that were left
untreated. The number of cells was determined
using the Trypan blue exclusion method (15). Next,
the perfused bioreactor was installed within the MRI
magnet. Following drug administration ex vivo, 19F
MRI was applied for cell imaging to measure cell
viability and to study drug efficacy over 72 h peri-
ods. Throughout the MRI experiments, the HFBR
device was maintained under incubator-like condi-
tions (37∞C, 5% CO2 and 95% air). The installed
bioreactor was maintained to keep cells viable under
analysis. In addition, 19F MRI imaging parameters
such as resolution, signal to noise ratio, repetition
time, and time to echo was determined and opti-
mized. 19F imaging parameters were matched to the
concentration of Trastuzumab-dendrimer-fluorine
administered and cell number in the bioreactor. The
HFBR device was connected to a reservoir bottle
and placed within the MRI-compatible incubation
chamber that was continuously flushed with a mix-
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ture of air and CO2. Region of Interest (ROI) was
mapped for the 3D tumor cells before treatment. 

Treatment with Trastuzumab, Trastuzumab-den-

drimer, and Trastuzumab 19F fluorinated den-

drimer conjugates 

To optimize the binding of Trastuzumab,
Trastuzumab-dendrimer and Trastuzumab 19F fluori-
nated dendrimer conjugates with cell surface HER-
2 receptor, cell cultures were grown in the HFBR
device and were treated for 24, 48, 72, 96 and 110 h
(1, 2, 3, 4 and 5 days). The treatment was performed
with seven concentrations of Trastuzumab,
Trastuzumab-dendrimer and Trastuzumab 19F conju-
gates. The concentration of Trastuzumab drug was
the same in corresponding Trastuzumab dendrimer
and Trastuzumab19F conjugates. In total we used
bioreactors for seven concentrations of Trastuzumab
in three forms: pure drug, Trastuzumab dendrimer
and Trastuzumab19F conjugates were used in this
study. Additionally, each treatment was repeated
three times. The formulation of Trastuzumab den-
drimer conjugate was composed of 20% (v/v) of G5-
PAMAM, 2% (w/v) safflower oil and 1.7% (w/v)
glycerin, with water comprising the balance. G5-
PAMAM was dissolved in anhydrous dimethyl sul-
foxide (DMSO) at a final concentration of 5 mg/mL
(12). For the formulation of Trastuzumab 19F conju-
gates, ten milligrams of dendrimer (G5-PAMAM)
were desiccated in a glass scintillation vial.
Compound G5-PAMAM was then dissolved in
anhydrous dimethyl sulfoxide (DMSO) at a final
concentration of 5 mg/mL. This solution was
charged with 1 molar equivalent of triethylamine
and 3 molar equivalents of heptafluorobutyric acid
anhydride (HFAA). The reaction mixture is agitated
vigorously for 2 h at 25∞C. The corresponding con-
centration of Trastuzumab in each sample of
Trastuzumab-dendrimer and Trastuzumab 19F den-
drimer conjugate was 0.05 (T1), 0.5 (T2), 50 (T3),
100 (T4), 200 (T5), 500 (T6) 1000 (T7) µg/mL
respectively. Based on this calculation, aqueous
solutions of Trastuzumab dendrimer were used at
concentrations of 0.067 µg/mL (T1D), 0.66 µg/mL
(T2D), 66.25 µg/mL (T3D), 132.5 µg/mL (T4D),
265 µg/mL (T5D), 662.5 µg/mL (T6D) and 1325
µg/mL (T7D) administered to 109 cells/mL in the 3D
culture (n = 3 cultures for each treatment). Aqueous
solutions of Trastuzumab 19F conjugates were used
at concentrations of 0.067 µg/mL (T1F), 0.66 µg/mL
(T2F), 66.25 µg/mL (T3F), 132.5 µg/mL (T4F), 265
µg/mL (T5F), 662.5 µg/mL (T6F) and 1325 µg/mL
(T7F) administered to 109 cells/mL in the 3D culture
(n=3, for each treatment). For the treatment of 109

MCF-7 cells/ml in the HFBR device (n=3, for each
treatment, Trastuzumab-dendrimer treatment with
Trastuzumab (for controls) and Trastuzumab-den-
drimer and Trastuzumab 19F conjugates: 10 mL of
Trastuzumab at concentrations of 0.05 µg/mL (T1),
0.5 µg/mL (T2), 50 µg/mL (T3), 100 µg/mL (T4),
200 µg/mL (T5), 500 µg/mL (T6) and 1000 µg/mL
(T7) was used to treat 109 cells/mL in HFBR device
(n = 3, for each treatment).

Determination and visualization of cellular

uptake of treatment 

Before treatment, 1H MR images of MCF-7
cells were performed using a spin-echo imaging
sequence with TR = 1000 ms, TE = 40 ms, 0.5 mm
slice thickness, 2 cm ◊ 2 cm field of view, 256 ◊ 256
matrix size and 10 signal averages. After treatment,
19F MRI images were acquired using a spin-echo
imaging sequence with TR = 500 ms, TE = 18 ms,
2 cm ◊ 2 cm field of view, 256 ◊ 256 matrix size and
10 signal averages. 1H and 19F MRI will be processed
with MAREVISI post-processing software. MCF-7
cells (109/mL) in the HFBR device (n = 3 for each
treatment) with Trastuzumab, Trastuzumab-den-
drimer and Trastuzumab 19F dendrimer conjugates.
The number of treated cells was estimated using
regression data of 19F MRI. 19F MRI was performed
to determine the efficacy of fluorinated derivatives.
A positive treatment effect increases 19F signal inten-
sity (SI) on MR images or spectra. An increase in SI
is expected to correlate with increasing cellular
uptake of fluorinated dendrimers. 19F MR images
were acquired using a spin-echo imaging sequence
with TR = 500 ms, echo time TE = 18 ms, 0.5 mm
slice thickness, 2 cm ◊ 2 cm field of view, 256 ◊ 256
matrix size and 10 signal averages. The images and
spectra were collected 24, 48, 72, 96, 120 h after
treatment in the 3D cell culture. For an internal MR
standard, a small capillary with 10 µL of 5% v/v tri-
fluoroacetic acid (TFA) was used. The concentra-
tion of 19F was estimated using 19F (SI) based on ref-
erence TFA. 19F MRS was acquired using a one-
pulse sequence (flip angle 60∞; repetition time (TR)
= 800 ms; number of average 2; echo time (TE) = 6
ms). Due to different chemical environments, fluo-
rine signals varied for fluorine alone, fluorinated
dendrimer alone, and Trastuzumab-dendrimer-fluo-
rine conjugates attached to the HER-2 receptor. The
HFBR device contained 102, 103, 104, 105, 106, 107,
108 and 109 MCF-7 cells with HER-2 overexpres-
sion. The overexpression of HER-2 was measured
by flow cytometry. The cells were treated with T1-7
Trastuzumab 19F dendrimer conjugates. The total
volume of the HFBR was 10 mL. The 19F SI was
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Figure 1A-1G. The decrease in viability (Cells %) of cells as a function of Time (days) after 1, 2, 3, 4 and 5 days of treatment with 0.05
(1A), 0.5 (1B), 50 (1C), 100 (1D), 200 (1E), 500 (1F), and 1000 µg/mL (1G) Trastuzumab (black solid line, black triangles), Trastuzumab-
dendrimer (black dashed line, black circles) and Trastuzumab 19F fluorinated dendrimer conjugate (black solid line, black circles).

measured for each number of cells and each concen-
tration. The calibration curves were prepared as 19F
SI is linearly related to the number of cells treated in
HFBR device (16-20).

For calibration, 10 mL of fluorinated derivates
was introduced into a separate HFBR device without
cells and MRI scans were performed. 19F SI was
measured directly from an axial slice of the HFBR
device. The changes in 19F SI at different fluorinated
derivates concentrations were observed and calibra-
tion curves prepared as 19F SI is linearly related to
the amount of 19F molecules. The 19F SI of pure
HFAA was considered as 100% of SI. Percentage
change in 19F SI was normalized to pure HFAA
using the following equation: 19F SI (% change) =

[(U-L)/U] ◊ 100%, where L = 19F SI of 19F in emul-
sions of fluorinated derivatives (20).

Before treatment, 1H MRI was performed to
determine the shape and location of the 3D cell cul-
ture in the HFBR device which is our region of
interest. Using MRI software, this region of interest
was mapped. The 3D cell culture in the HFBR
device was then treated for 72 h. After 72 h, 1H MRI
and 19F MRI was performed. The region of interest
was mapped from both scans. The 1H MRI image
showed the 3D cell culture without any signal of
fluorine. MRI showed SI only from treated cells
and the location of fluorinated derivatives. By sub-
tracting the 19F MRI region of interest from the 1H
MRI region of interest the location of untreated
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cells in the 3D culture was determined. All results
are expressed as a mean ± SD. The 3D ex vivo
aggregation of the cells in the bioreactor was
imaged using 1H MRI. For imaging, the HFBR con-
nected to a reservoir bottle was placed within the
MRI compatible chamber with a continuous flow of
air and CO2 mixture while in the magnet.
Throughout the data acquisition, HFBR was main-
tained in 95% air atmosphere with 5% CO2 at 37OC.
The MRI experiments were performed using a 9.4
Tesla with 21 cm bore magnet (Magnex, England)
equipped with TMX console (NRC-IBD, Canada).
1H MR images were acquired using a
transmit/receive RF volume coil operating at 400
MHz. The spin-echo images were acquired with a
repetition time (TR) = 5000 ms, echo time (TE) =
12.8 ms, FOV = 3 cm ◊ 3 cm, slice thickness 1 mm,
and matrix 256 ◊ 256. Based on MR images the
cells samples (>109 cells/mL) were harvested with a

syringe from the region close to the fiber, washed
three times with PBS and centrifuged. To determine
the volume of cells, a Region of Interest (ROI) was
drawn around the region of the tumor cells before
treatment. 

Statistical analysis 

Results are presented as the mean ± standard
deviation (SD) based on three independent experi-
ments. Statistical analysis was done by one-way
analysis of variance (ANOVA) using Statistica 10.0
software (StatSoft, KrakÛw, Poland). A probability
level of P < 0.05 was considered significant.

RESULTS AND DISCUSSION

Trastuzumab, Trastuzumab dendrimer and
Trastuzumab 19F conjugates were added to 3D cell
cultures and cell viability was measured after treat-

Figure 1A-1G. Continued.
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ment. The data shown in Figure 1 presents changes
in the viability of the cells treated with different
drug concentrations during 1-5 days of treatment,
respectively Figure 1A-1G. The viability at each
time point of the treatment was calculated from 3
separate measurements and averaged by standard
calculations. After 1 day, the viability of MCF-7
cells treated with 0.05 µg/mL of Trastuzumab,
Trastuzumab dendrimer and Trastuzumab 19F den-
drimer conjugate was 87 ± 2% and 82 ± 3% and 79
± 5%, respectively (Fig. 1A). After 3 days, the via-
bility of cells treated with 0.05 µg/mL concentra-
tions of Trastuzumab, Trastuzumab-dendrimer and
Trastuzumab 19F fluorinated dendrimer conjugate
was 82 ± 3%, 80 ± 3% and 76 ± 3% respectively
(Fig. 1A). After 5 days, viability of cells was 73 ±
3%, 68 ± 3% and 49 ± 3% respectively (Fig. 1A).
This result indicated that the conjugate of
Trastuzumab with 19F dendrimer is 3 ± 1% more

efficient than the conjugate of Trastuzumab with
dendrimer and 8% more efficient in cell killing than
Trastuzumab alone. After 1 day of treatment, the
highest concentrations of Trastuzumab (1000
µg/mL) showed 24 ± 2% and 5 ± 2% less difference
in viability decrease compared to Trastuzumab 19F
dendrimer conjugates and Trastuzumab dendrimer
conjugates, respectively. All seven plots (1A to 1G
in Fig. 1) showed that the mixture of Trastuzumab
with dendrimer in the presence of 19F is the treatment
with the lowest MCF-7 viability. The decrease in
viability after 1, 2, 3, 4 and 5 days of treatment with
Trastuzumab (black solid line, black triangles),
Trastuzumab-dendrimer (black dashed line, black
circle) and Trastuzumab ñ 19F fluorinated dendrimer
conjugate (black solid line, black circle) are higher
with increased concentration of Trastuzumab. The
use of Trastuzumab concentration in the range of
0.05 µg/mL -1000 µg/mL showed a range of viable

Figure 2A-2C. The decrease in viability (Cells %) as a function of Time (days) after 1, 2, 3, 4 and 5 days of treatment with 0.05, 0.5, 50,
100, 200, 500, and 1000 µg/mL Trastuzumab (2A), Trastuzumab-dendrimer (2B) and Trastuzumab fluorinated conjugate (2C). Significant
results are indicated with a star.
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cells from 87 ± 1% to 5 ± 1%. For Trastuzumab den-
drimer conjugates this range was 82 ± 2% to 4 ± 1%
and Trastuzumab 19F dendrimer is 79 ± 2% to 3.5 ±
1%. The differences between groups are significant
after three days of treatment for cells treated with
0.05 µg/mL of Trastuzumab in (T1), (T1D), (T1F);
0.5 µg/mL of Trastuzumab in (T2), (T2D), (T2F); 50
µg/mL of Trastuzumab in (T3), (T3D), (T3F); 100
µg/mL of Trastuzumab in (T4), (T4D), (T4F); 200
µg/mL of Trastuzumab in (T5), (T5D), (T5F); 500
µg/mL of Trastuzumab in (T6), (T6D), (T6F) and
1000 µg/mL of Trastuzumab in (T7), (T7D), (T7F).
Treatment with 0.5 µg/mL of Trastuzumab,
Trastuzumab-dendrimer and Trastuzumab 19F fluo-
rinated dendrimer, showed that after 1 day of treat-
ment, cell viability was 86 ± 1%, 82 ± 1% and 70
± 2%, respectively (Fig. 2A); after 3 days 80 ± 3%,
78 ± 3% and 65 ± 3%; and after 5 days 55 ± 3%,
39 ± 3% and 24 ± 3%. After treatment with 50
µg/mL, the viability of cells after 1 day was 83
±3%, 80 ± 3% and 71 ± 3%. After 3 days viability
decreased to 68 ± 3%, 60 ± 3% and 49 ± 3% and
after 5 days of treatment 45 ± 3%, 28 ± 3% and 13
± 3%. The use of 100 µg/mL of Trastuzumab and
higher such as 200 µg/mL, 500 µg/mL and 1000
µg/mL of Trastuzumab showed a similar decrease
in cell viability over time. The decrease of MCF-7
cells viability after treatment with Trastuzumab 19F
dendrimers conjugates (Fig. 2C) was higher than
the decrease in viability of MCF-7 cells after treat-
ment with Trastuzumab ñ dendrimers conjugates
(Fig. 2B).

The optimal growth conditions and viability of
the 3D cancer cell cultures in the HFBR device were
determined. The 3D cell culture was grown over a 4-
week time period and cell density varied within the

HFBR device due to the differences in media flow
and waste concentration. 1H MRI images were per-
formed on cultures before treatment to show the
localization of cells in the HFBR device. Moreover,
1H images allowed us to monitor changes in the
localization of cells providing anatomical informa-
tion on the 3D cell aggregation in the HFBR device.
The 3D culture mimics in vivo conditions and is
structurally more similar to a tumor than commonly
used cell monolayers. Alternatives to the HFBR in
vitro model have been studied as ex vivo models of a
primary tumor growing in 3D HFBR device. In the
in vitro tumor environment, our designed Trastu-
zumabñdendrimer and Trastuzumab-19F fluorinated
dendrimer conjugate allowed us to confirm selective
elimination of cancer cells from the cell culture. A
3D HFBR device supplied nutrients and oxygen to
cells and produced high cell density. Thus, the main
advantage of using 3D cell cultures in this context is
the generation of high tissue densities necessary for
MRI assays (15-17). 1H MRI detects the signal from
protons in cells and 19F MRI detects only 19F nuclei.
1H MRI can be performed with or without a contrast
agent. However, the natural 19F abundance is too low
for 19F MRI detection; however, the uptake of fluo-
rine-containing drugs in cells can be observed with-
out any additional contrast agents. The uptake of flu-
orinated Trastuzumab conjugates can be monitored
by 19F MRI. After 4 weeks, MCF-7 cells in HFBR
reach a suitable density for MRI measurements.
Moreover, 1H MRI technique (Fig. 3A) was suitable
for multiple, repeated measurements to observe
dynamic changes in response to provide noninvasive
characteristics of the 3D cell culture.

This project used 19F MRI to improve visuali-
zation of Trastuzumab delivery. The use of mono-

Figure 3A-3B. An axial slice from 1H MRI of untreated MCF-7 cells in the HFBR device. The white dashed line indicates the diameter of
the HFBR (3A). An axial slice from 19F MRI (19F SI = 95%) of MCF-7 cells in the HFBR treated with Trastuzumab 19F dendrimer conju-
gates after 5 days and acquired using a spin-echo imaging sequence: TR = 500 ms, TE = 18 ms, 0.5 mm slice thickness, 2 cm ◊ 2 cm field
of view, 256 ◊ 256 matrix size and 10 signal averages (3B). 
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clonal antibodies in cancer therapy is rapidly
advancing. In recent years, the effectiveness of
anti-cancer therapy resulting from the combination
of properties of monoclonal antibodies and drugs
has also demonstrated. To confirm the efficacy of
the monoclonal antibody conjugated with den-
drimer in in vitro studies Miyano et al. (21) used
PAMAM generation 6 modified dendrimers with
two amino acids lysine and glutamic acid (KG6E).
In the next step, they added AlexaFlour 488 to
study the penetration of the conjugate to cells over-
expressing HER2 receptors (21). In research done
by Cline et al. the synthesis of the PAMAM den-
drimer conjugated with paclitaxel was performed
(22). Paclitaxel conjugated to 4th PAMAM den-
drimer generation (23), 5th PAMAM dendrimer
generation (24) and 6th PAMAM dendrimer gener-
ation (23) are also known. Baker et al. used the 5th

dendrimer PAMAM generation conjugated with
trastuzumab and methotrexate. He observed
increased penetration of the conjugates into cells
and the toxicity of the conjugate against MCA207-
HER2 breast cancer cells was slightly lower com-
pared to free methotrexate (25). Studies by Pei et
al. have shown that conjugates target lysosomes
and late endosomes, and released doxorubicin that
accumulated in the nucleus of the tumor cell (26).
The studies of Yabbarova et al. confirmed the
dependence of released doxorubicin on decreasing

pH (27). Trastuzumab has also been covalently
bound to dendrimers bearing isotopes (28, 29). It
was observed that the conjugate of dendrimer and
antibody showed 2-4 times greater activity on SK-
BR3 cells and 9 times on MDA-MB-231 cells than
the antibody itself when combined with radioactive
elements (30). The coupling of fluorinated den-
drimers with Trastuzumab allows for 19F Signal
Intensity (SI) measurements (Fig. 4) and drug
tracking using 19F MRI. By monitoring 19F SI inten-
sity, the location of treated cells can be determined
where an increase in 19F SI corresponds to an
increase in MCF-7 cell death. The 19F SI values
were dependent on the concentration of cells and
fluorine conjugates in the cells treated with
Trastuzumab 19F dendrimer conjugates. 19F MRI
images are highly selective, as only cells treated
Trastuzumab 19F dendrimer conjugates with are
visible (Fig. 3B). In this treatment, the fluorinated
compounds with low Trastuzumab concentrations
of 0.05 µg/mL generate 21% cell death after 5 days
and fluorinated compounds with Trastuzumab con-
centration of 1000 µg/mL generates 95% cell death
after 5 days of treatment.

CONCLUSIONS

This work evaluated Trastuzumab conjugates
with dendrimers and fluorinated dendrimers in
regards to improving the efficacy of MCF-7 cells
treatment. The addition of fluorine to Trastuzumab
enables the drug uptake to be measured by 19F MRI.
The use of 3D breast cancer cell cultures provided
tissue density that mimics in vivo tumor conditions.
This project presents an innovative approach
towards the application of new Trastuzumab deriva-
tives that are expected to improve efficacy and non-
invasive drug visualization. It is anticipated that the
results from this research will provide the impetus
for the development of an in vivo clinical protocol.
The conducted research indicates that the use of
conjugates increases the effectiveness of treatment,
and also reduces the toxicity of therapeutics to nor-
mal cells due to proper drug delivery. The use of
Trastuzumab and dendrimers allow for the study of
targeted therapy and delivery of a high dose of the
drug directly to the cancer cells. Trastuzumab con-
jugates show the effectiveness of breast cancer cell
treatment. However, in order to utilize Trastuzumab
conjugates, further studies are required.
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