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Abstract. With rapid growth and metabolism, aggressive cancers require an extensive 
vascular network, termed tumor angiogenesis. The body produces a variety of natural 
angiogenic inhibitors, among which is the mammalian estrogen metabolite, 2- 
methoxyestradiol (2-MeOE2). In this study, we compared the effects of 2-MeOE2 on a 
human umbilical vein cell line (HUVEC-C) and on an immortal, angiotumor-producing 
rat sinusoidal endothelial cell line (RSE-1). In vitro, the effects of varying concentra- 
tions of 2-MeOE2 from 0.01-100.0 pM were measured with cell counts and compared 
to control cells. HUVEC-C had an ED,, -3.5 pM with -27% inhibition of cell growth 
whereas RSE-1 had an ED,, -2.2 @!with -50% inhibition of cell growth compared with 
controls. The lowest concentration with maximal effect was 10.0 pM2-MeOE2 for both 
cell lines. Using this concentration, flow cytometric analysis of cell cycles was per- 
formed with propidium iodide stained DNA of HUVEC-C and RSE-1 at 24 and 48 hr. 
Both demonstrated a significant (P < 0.0001) block at G2M of the cell cycle. At 48 hr, 
HUVEC-C had 32% of cells in G,M (control = 9% G2M), and RSE-1 had 36% of cells in 
G,M (control = 18% G,M). These findings demonstrate a strong in vitro antiprolifera- 
tive effect of 2-MeOE2 on normal dividing endothelial as well as angiotumor cells 
mediated through a cell cycle-specific block at G2M. The antiendothelial, antiangio- 
tumor effect of 2-MeOE2 supports its potential as a therapeutic agent against solid 
organ cancers, benign or malignant vascular growths, and other pathologic states 
dependent on angiogenesis. [P.S.E.B.M. 1998, Vol 2191 

ggressive tumors require an extensive neovascular 
network for rapid growth and metabolism, a phe- A nomenon referred to as tumor angiogenesis. Folk- 

man describes an initial, slow tumor growth phase that pre- 
cedes vascular development, and tumor cells form a tiny 
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ball of limited growth potential relying only on paracrine/ 
autocrine factors and nutrient diffusion for growth stimula- 
tion (1). According to this concept, tumors remain in a 
dormant state until a blood supply is established. Once the 
tumor has induced surrounding blood vessels to supply nu- 
trients and growth factors, it then has the ability to grow and 
metastasize with malignant potential. Tumor conversion to 
an angiogenic phenotype is a key step in malignancy and 
involves a balance between angiogenic stimulators and in- 
hibitors secreted by the tumor and host. Thus, both tumor 
growth and metastasis are viewed as angiogenesis depen- 
dent. Angiogenesis not only enhances tumor cell growth but 
augments endothelial cell proliferation from a dormant cell 
type without mitotic figures to one of the most rapidly pro- 
liferating cell types in the body (2). 

Angiogenesis is also critical in several other physi- 
ologic and pathologic states. For example, it enables the 
normal physiologic process of the menstrual cycle for re- 
production, the inflammatory response for host protection, 
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and wound healing, all necessary to sustain life (1-2). On 
the other hand, pathologic states such as diabetic retinopa- 
thy, rheumatoid arthritis, psoriasis, peptic ulcer disease, vas- 
culitides and eczema also involve exuberant angiogenesis 
(1-2). 

Expansion of the vascular network of a tumor depends 
on elaboration of host and tumor angiogenic factors. In 
addition to angiostimulatory factors, an array of inhibitors 
of angiogenesis have been identified that prevent tumor 
growth and metastasis by interrupting the development of a 
nutritive vascular network. Accordingly, several natural and 
synthetic antiangiogenic agents with different mechanisms 
of action are under active development for therapeutic use 
(1, 3, 4). 

The natural mammalian estrogen metabolite, 2- 
methoxyestradiol, inhibits the proliferation of tumor and 
endothelial cells both in vitru and in vivo. To explore its 
mechanism of action and expand on these observations, we 
investigated the in vitru effects of 2-methoxyestradiol on 
proliferation and cell cycle events in normal endothelial 
cells (HUVEC-C) and in an angiotumor-producing, immor- 
tal cell line (RSE-1) ( 5 )  by examining cell counts and ana- 
lyzing flow cytometeric cell cycle measurements. 

Materials and Methods 
Chemicals and Materials. 2-Methoxyestradiol (2- 

MeOE,), dimethyl sulfoxide (DMSO), Dulbecco’ s modified 
eagle medium: Ham’s F-12 (M5), heparin, endothelial cell 
growth supplement (ECGS), propidium iodide, and Nonidet 
P-40 were supplied by Sigma Chemical Co. (St. Louis, 
MO). HUVEC-C cells (ATCC CRL-1730) were supplied by 
the American Type Culture Collection (ATCC) (Rockville, 
MD). RSE-1 is an immortal cell line [The University of 
Arizona, Department of Surgery, Lymphology Laboratory] 
derived from an isolate of rat sinusoidal endothelium. 

Cell Cultures. RSE-1 cells were routinely grown in 
M5 medium (1 : 1 DMEM:Ham’s F- 12) supplemented with 
10% heat-inactivated fetal bovine serum (FBS), penicillin 
(100 U/ml)-streptomycin (100 pg/ml), and fungizone (2.5 
pg/ml). HUVEC-C cells were routinely grown in the pre- 
viously described M5 medium supplemented additionally 
with 50 pg/ml ECGS and 100 pg/ml heparin. Flasks for 
HUVEC-C were coated with gelatin by first coating the 
flask with a small amount of 0.2% gelatin in distilled H,O 
followed by heating the surface to attach and dry the gelatin 
coating. 

Dose-Response Experiments. RSE-1 and 
HUVEC-C cells were seeded into 24-well plates at a con- 
centration of 1 x lo4 cells per well in a 0.5-ml volume. Both 
cell types were allowed to attach and multiply in M5 me- 
dium supplemented with 50 pg/ml ECGS and 100 pg/ml 
heparin for 24 hr prior to the experiment. As previously 
described, the HUVEC-C plates required the additional step 
of coating with 0.2% gelatin for attachment. The stock ex- 
perimental solution was composed of a 10,000 p M  solution 

of 2-MeOE2 solubilized in 100% DMSO stored at room 
temperature. The stock solution was serially ( 1 : 10) diluted 
with 100% DMSO resulting in each working concentration 
of 2-MeOE2. The working solutions of 2-MeOE2 (in 100% 
DMSO) were diluted (1 : 100) at the time of experimentation 
with fresh M5 medium yielding final concentrations of 0.01 
pM, 0.1 pM, 1 .O pM, 10.0 p M  and 100.0 pM 2-MeOE2, 
which were added directly to the culture plate wells at the 
beginning of the experiment. The control wells received 
similarly diluted DMSO (carrier) in M5 medium. Both the 
control and experimental wells had a resulting final concen- 
tration of 1.0% DMSO. The medium was decanted from all 
the wells and replaced daily with their respective identical 
milieu for 3 days. On the fourth day, cells were routinely 
released from the substratum with trypsin, and the trypsin 
was inactivated by the addition of an equal amount of M5 
medium with 10% FBS. The cells were counted using a 
hemacytometer and expressed as number of cells per well. 
The counts from the experimental wells were normalized 
against the control well counts, and data were expressed as 
a percentage of the control (mean 2 SEM). 

Cell Cycle Analysis. RSE-1 and HUVEC-C cells 
were seeded into 24-well plates at a concentration of 1-5 x 
lo4 cells per well as previously described. Both cell types 
were allowed to attach and multiply in M5 medium with 
supplemented 50 pg/ml ECGS and 100 pg/ml heparin for 
24 hr. The solutions were prepared as previously described. 
The concentration 10.0 pM 2-MeOE2 was chosen as opti- 
mal based on previously determined cell countderived 
dose-response curves. The spent medium was decanted, and 
fresh solutions were added daily for 2 days as previously 
described. The cells were tested at 24 and 48 hr after the 
first addition of 2-MeOE2. At these time periods, the control 
and experimental wells were routinely trypsin released from 
the substrate, and the trypsin was inactivated by the addition 
of an equal amount of M5 medium with 10% FBS. The cells 
were removed from the tissue culture well and centrifuged. 
The supernatant was decanted, and the cells were resus- 
pended in 1% NP40, 0.1% sodium citrate, 10 pg/ml prop- 
idium iodide in PBS to remove plasma membrane compo- 
nents, exposing the nuclei and fluorescently labeling the 
DNA. Cells were analyzed on a custom-built flow cytom- 
eter where the emitted fluorescence intensity maxima (520 
nm) from -10,000 cells post 488 nm excitation was col- 
lected in histogram form and later evaluated for percentage 

Statistical Analyses. The data obtained in the stud- 
ies of dose-response curves and cell cycle analysis were 
analyzed for statistical significance using the Student’s t test. 

S, and G,M using ModFit software. 

Results 
To test the general effects of 2-MeOE2 on endothelium, 

the growth inhibition of differing concentrations of 
2-MeOE2 was measured against proliferating untreated cells 
of the same type over a period of 4 days (Fig. 1). The 
normal, proliferating endothelial cell line (HUVEC-C) had 
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an ED50 -3.5 pM whereas the immortal endothelial cell line 
(RSE-1) had a similar ED50 -2.2 pM. RSE-1 showed a 
greater effect at 2.2 pM 2-MeOE2 with -50% inhibition of 
treated cell growth compared to HUVEC-C cells at 3.5 p M  
2-MeOE2, which showed only -27% inhibition of cell 
growth. Of note, the immortal RSE-1 cells were more sen- 
sitive and exhibited an effect at the low concentrations of 
0.01-1.0 pM 2-MeOE2 unlike HUVEC-C that showed no 
significant effect at these low concentrations. The 2-MeOE2 
dose-response curves demonstrated the lowest, active con- 
centration (i.e., the lowest tested concentration at which the 
maximal effect was observed), to be 10.0 pM 2-MeOE2 in 
both HUVEC-C and RSE-1 cell lines. HUVEC-C treated 
with 10.0 pM 2-MeOE2 for 3 days showed inhibition of cell 
proliferation to 44.00% k 5.72 (mean k S.E.) of control (P 
< 0.0001). The same 2-MeOE2 concentration produced an 
even more dramatic inhibition of cell proliferation in RSE- 1 
to only 7.87% k 1.06 of control (P < 0.0001). 

Figure 2 shows photomicrographs of the 2-MeOE2- 
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Figure 1. Dose-response curves. RSE-1 and HUVEC-C cells were 
seeded into 24-well plates at a concentration of 1 x lo4  cells/well. 
Both cell types were allowed to attach and multiply in M5 medium 
supplemented with 50 pg/ml ECGS and 100 pg/ml heparin for 24 hr 
prior to the experiment. The working solutions of 2-MeOE2 (in 100% 
DMSO) were diluted (1 :loo) at the time of experimentation with fresh 
M5 medium yielding final concentrations of 0.01 pM, 0.1 pM, 1 .O pM, 
10.0 pM, and 100.0 pM2-MeOE2, which were added directly to the 
culture plate wells at the time of experimental onset. The control 
wells received similarly diluted DMSO (carrier) in M5 medium. Both 
the control and experimental wells had a resulting final concentration 
of 1 .O% DMSO. The medium was replaced daily with their respective 
concentrations for 3 days. On the fourth day, cells were routinely 
released and counted using a hemacytometer and expressed as 
number of cells per well. The counts from the experimental wells 
were normalized using the control well counts and data expressed as 
a percentage of the control (mean * SEM) (n  = 8 for all data points). 

treated RSE- 1 cells exhibiting the characteristic morpho- 
logic alterations after treatment with 10.0 pM 2-MeOE2. 
Under inverted light microscopy, not only was a marked 
decrease in cell numbers displayed but also disruption of the 
monolayer, granular cytoplasm, and roughened cell mar- 
gins. Similar changes were found in HUVEC-C cells treated 
with effective doses of 2-MeOE2 (not shown). 

After demonstrating the growth inhibitory effects of 
2-MeOE2 on these two types of endothelium, we performed 
flow cytometry to determine whether the growth inhibition 
resulted from a cell cycle-specific block. For both cell lines, 
we chose 10.0 pM 2-MeOE2 to treat the experimental cells 
because it was the lowest, active concentration as previously 
described. Figure 3 shows representative histograms of the 
data generated by flow cytometry. In both HUVEC-C and 
RSE-1 cells treated with 10.0 pA4 2-MeOE2, there is a de- 
crease in the peak with an increase in the G,M peak of 
the cell cycle when compared with DMSO controls. Table I 
displays the percentages of these cells in the different com- 
partments of the cell cycle. Both HUVEC-C and RSE-1 
cells treated with 2-MeOE2 demonstrated a decrease in the 
cells belonging to the G,M and Go stage of the cell cycle. At 
10.0 pM 2-MeOE2, flow cytometric analysis of cell cycle 

Figure 2. (A) A photograph of inverted light microscopy of 1 x lo4 
RSE-1 control cells treated with 1 .O% DMSO for 24 hr exhibiting the 
characteristic endothelial cell morphology and a confluent monolayer 
(original magnification 25x). (B) A photograph of inverted light mi- 
croscopy of l x l O4 RSE-1 cells treated with 10.0 pM2-MeOE2 for 24 
hr. Note the decreased cell numbers and an abnormal cell morphol- 
ogy with granular cytoplasm and roughened cell margins (original 
magnification 25x). 
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Figure 3. Cell cycle histograms. RSE-1 and HUVEC-C cells were 
seeded into 24-well plates at a concentration of 1-5 x l o 4  cells/well. 
Both cell types were allowed to attach and multiply in M5 medium 
supplemented with 50 pg/ml ECGS and 100 pg/ml heparin for 24 hr 
prior to the experiment. The working solutions of 2-MeOE2 (in 100°/o 
DMSO) were diluted (1 :loo) at the time of experimentation with fresh 
M5 medium yielding final concentrations 10.0 pM 2-MeOE2, which 
was added directly to the culture plate wells at the time of experi- 
mental onset. The control wells received similarly diluted DMSO 
(carrier) in M5 medium. Both the control and experimental wells had 
a resulting final concentration of 1.0% DMSO. The medium was 
replaced daily with their respective concentrations for 2 days. At 24 
and 48 hr, cells were routinely released, nuclear membranes ex- 
posed, DNA stained with propidium iodide, and cell cycle compart- 
ments determined by flow cytometry. The left peak represents the 
number of cells in G, and Go. The right peak represents the cells in 
G, and M. The height of the peak determines the number of cells in 
these phases of the cell cycle. Both RSE-1 and HUVEC-C exposed 
to 2-MeOE2 showed an increase in number of cells in G, and M with 
a concomitant decrease in G, and Go. 

events showed a cell cycle-specific block at G,M in both 
HUVEC-C and RSE- 1. After 48 hr of 2-MeOE2-treatment, 
HUVEC-C cells in G,M showed an increase to 31.73% +. 
1.97 G,M of the total population compared with the control 

8.76% 2 2.08 G,M ( P  < 0.0001). In RSE-1 the overall 
changes in the distribution of cells in the different phases of 
the cell cycle were similar but more pronounced. The re- 
sponse to 48 hr of treatment with 2-MeOE2 was an increase 
to 36.26% f 3.36% G,M compared with control value of 
18.84% f 3.77 G,M ( P  c 0.0001). RSE-1 cells in S-phase 
also increased from 28.97% f 3.38 in control, to 54.3% f 
2.41 after treatment for 24 hr with 2-MeOE2. This value 
remained similar at the 48-hr time period, suggesting that 
the block in RSE-1 cells also occurs at the S-phase. Con- 
versely HUVEC-C cells showed no increase in S-phase at 
24 hr with a control value of 25.32% f 1.50% and an ex- 
perimental value of 24.39% f 2.44. At 48 hr, this value in 
fact decreased proportionally to the increase in G,M, sug- 
gesting that the cells were still moving through S-phase and 
proceeding to the block in G,M. 

Discussion 

2-MeOE2 is a catecholestrogen endogenously produced 
in the human body, primarily generated by the peripheral 
conversion of estradiol(E,) (6). 2-MeOE2 circulates in the 
blood at a range of 30 pM in males to 30 nM in pregnant 
females, levels much lower than that at which its antipro- 
liferative, antiangiogenic effects occur (7). However, serum 
levels do not necessarily reflect the intracellular level of 
2-MeOE2, which remains unknown and which may be 
higher due to the intracellular conversion of E,. 

E, is an inducer of mitosis and cell proliferation at 
physiologic concentrations in the body. 2-Hydroxyestradiol 
(2-OHE2) is a major inducer of mitosis from intracellular 
conversion of E, by an estradiol 2-hydroxylase, whereas 
inhibition of this enzyme blocks the mitotic effect of estra- 
diol (8). Of interest, at higher concentrations of 2-OHE2 an 
antiproliferative effect occurs with the formation of an ab- 
normal mitotic apparatus (8-9). Seegers et al. relates this 

Table 1. Effects of 2-MeOE2 on Cell Cycle Components 

Cell Cycle Compartments 
(x i SEM) 

24 Hours 48 Hours 
Cell Typenreatment 

%G 1 10 %S %G2M o / G / o  %S %G2M 

HUVEC-C (n  = 8) 65.74 i 1.39 25.32 * 1.50 8.93 * 0.78 68.05 i 1.98 23.19 i 3.64 8.76 * 2.08 
HUVEC-C + 10 pM 2-MeOE2 

RSE-1 ( n  = 8) 51.73 i 5.76 28.97 i 3.38 18.75 i 2.26 60.15 * 6.36 21.02 i 2.71 18.84 i 3.77 
RSE-1 + 10 pM2-MeOE2 

(n  = 7) 55.46 i 2.75" 24.39 i 2.44" 20.15 i 1.58" 52.67 * 1.94" 15.61 i 1.00" 31.73 i 1.97" 

( n  = 7) 9.29 * 0.59" 54.35 i 2.41" 36.36 i 2.37" 7.38 i 0.95" 56.36 * 3.41" 36.26 i 3.36" 

Note. RSE-1 and HUVEC-C cells were seeded into 24-well plates at a concentration of 1-5 x lo4  cells/well. Both cell types were allowed to 
attach and multiply in M5 medium supplemented with 50 pg/ml ECGS and 100 pg/ml heparin for 24 hr prior to the experiment. The working 
solutions of 2-MeOE2 (in 100% DMSO) were diluted (1:lOO) at the time of experimentation with fresh M5 medium yielding final concentrations 
10.0 pM 2-MeOE2, which was added directly to the culture plate wells at the time of experimental onset. The control wells received similarly 
diluted DMSO (carrier) in M5 medium. Both the control and experimental wells had a resulting final concentration of 1 .O% DMSO. The medium 
was replaced daily with their respective concentrations for 2 days. At 24 and 48 hr, cells were routinely released, nuclear membranes exposed, 
DNA stained with propidium iodide, and cell cycle compartments determined by flow cytometry. The table lists the percentages of cells in the 
different phases of the cell cycle for both control and experimental cells (10 pM 2-MeOE2) at time periods of 24 and 48 hr. 
a P < 0.0001. 
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response to the formation of 2-MeOE2 by intracellular cat- 
echol-o-methyltransferase (COMT) 0-methylation of 2- 
OHE, because inhibition of 0-methylation of 2-OHE2 al- 
lows mitosis to continue normally (8). Therefore, a strong 
proliferative signal is sent to a cell by relatively large 
amounts of E,-circulating in the serum and its intracellular 
conversion to 2-OHE,. Perhaps the impact of this signal on 
cell proliferation is balanced intracellularly by the conver- 
sion of 2-OHE2 to 2-MeOE2. 

2-MeOE2 demonstrates a strong antiproliferative effect 
in this and other studies in a variety of cell types in vitro and 
in vivo. This mechanism of inhibition is not mediated 
through the estrogen receptor as 2-MeOE2 exhibits little 
affinity for binding with cytosolic estrogen receptors (10). 
Furthermore, both estrogen receptor positive cells (MCF-7) 
and estrogen receptor negative cells (HeLa) are similarly 
inhibited (8). 2-MeOE2 is probably a general growth inhibi- 
tor as it binds to the same site as colchicine on the micro- 
tubules, where it retards tubulin polymerization thereby al- 
tering microtubule structure and stability (7). Although 2- 
MeOE, is not as potent as colchicine and other synthetic 
compounds, it is the first potent, endogenously produced 
compound known to vigorously interact like colchicine at 
the assembly site of the spindle fiber (7). Attalla et al. found 
that physiologic low concentrations caused a mitotic block 
chiefly through kinetic stabilization of microtubules and al- 
teration of microtubule spindle dynamics involving calmod- 
ulin rather than through inhibition of tubulin polymeriza- 
tion, which required higher concentrations of 2-MeOE2 
( 1 1). 2-MeOE2’s interference with microtubules probably 
blocks the ability of cells to proceed through the growth 
cycle and other cytosolic functions, because microtubules 
mediate multiple steps in cell division processes, morphol- 
ogy, cell migration, and cellular transport. Lottering et al. 
has suggested that 2-MeOE2 inhibits protein phosphoryla- 
tion, which prevents polymerization of microtubules and 
impairs the activation of ~ 3 4 “ ~ “ ~  crucial to the onset of 
mitosis (12). 2-MeOE2 also interferes with PCNA function 
in DNA repair and induces p53 gene byproduct which pro- 
pels rapidly dividing cells into apoptosis (12-13). 

Our results suggest that the natural mammalian estro- 
gen metabolite, 2-MeOE2 inhibits the proliferation of hu- 
man blood vascular endothelium (HUVEC-C) and angiotu- 
mor cells (RSE-1) in vitro. 2-MeOE2 demonstrates a similar 
but more intense inhibitory effect on an angiotumor cell line 
compared with untransformed endothelium. This aug- 
mented effect is likely due to the faster doubling time of an 
immortal cell line compared with a normal cell line. Flow 
cytometric measurements of DNA-staining propidium io- 
dide favors that 2-MeOE2’s mechanism for growth inhibi- 
tion is mediated through interference with microtubules and 
results in the specific blockage of cell cycle progression at 
G,M and perhaps S-phase in immortal cells, rendering these 
cells unable to complete mitosis. Attalla et al. has suggested 
that this block occurs in anaphase due to the accumulation 
of cyclin B and cdc2, and the effect is reversible (1 1). We 

also documented a change in cell morphology of both 
HUVEC-C and RSE- 1. This alteration is presumably due to 
altered microtubule function, and microtubules are struc- 
tures responsible for maintaining cell shape. 

Our results complement other studies that have sug- 
gested a role for 2-MeOE2 as a new antiangiogenic, antien- 
dothelial agent. In vivo, 2-MeOE2 counteracts the cytokine- 
induced (b-FGF and VEGF) endothelial proliferative re- 
sponse whereas neoplasms manifest a notable reduction in 
tumor microvessel density (14-15). Some studies have also 
shown that 2-MeOE2 blocks proliferation of normal and 
immortal cells, which are not endothelial in origin (8, 15- 
16). In this regard, 2-MeOE2 acts as a nonspecific antipro- 
liferative agent similar to other chemotherapeutic agents. 
Future studies need to examine 2-MeOE2’s specific antian- 
giogenic effects as compared with its general inhibitory ac- 
tion against rapidly dividing cells. 

In vivo, the antiproliferative effect of 2-MeOE2 on tu- 
mor cells derives potentially from two separate processes. 
The first is a tumor cell-directed cytotoxicity. The second is 
2-MeOE2’s inhibitory effect for new blood vessel formation 
needed by the tumor for continued growth and metabolism. 
These in vivo effects occur without apparent toxicity to 
normal, nonproliferating cells (14-1 5). 

Folkman and Ingber outlined three strategies for clini- 
cal application of angiogenic agents including 1) blocking 
the production and release of angiogenic molecules from 
tumor cells; 2) neutralizing secreted angiogenic molecules; 
and 3) inhibiting the response of vascular endothelial cells 
to angiogenic stimulation (3). 2-MeOE2 inhibits the prolif- 
erative response of endothelial cells to angiogenic stimula- 
tion and also arrests the uncontrolled growth of immortal, 
angiotumor cells. Colchicine and similar agents that act at a 
specific tubulin site reduce cytoskeletal organization for cell 
movement (2). Fotsis et al. have also demonstrated 2- 
MeOE,’s inhibition of endothelial cell migration and the 
ability to form capillary tubes in a collagen medium (14). 

Angiogenesis is crucial to tumor growth, and antian- 
giogenic agents provide a new therapeutic intervention for 
cancer control, possibly in conjunction with conventional 
chemotherapy and also as initial therapeutic blockers 
against metastasis (3). Greater understanding of angiogen- 
esis and its inhibition is also likely to shed light on the 
vascular pathophysiology of a variety of normal and other 
pathologic processes such as ischemia, wound healing, and 
vasculopathies. Newer agents with limited toxicity such as 
2-methoxyestradiol have the potential to modulate heman- 
giogenesis and lymphangiogenesis for improved therapeutic 
benefit. 
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