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Abstract: KTH-222 is a novel, 8-amino acid length peptide. It is derived from a motif identified in a group of peptides 
that are related to atrial natriuretic peptide and that are able to inhibit cancer cell growth. We report here that KTH-
222 inhibits the attachment, proliferation, and development of an invasive morphology in cultured human pancre-
atic tumor cells (MIA PaCa-2 and HPAC). At a biochemical level, it inhibits tubulin polymerization which may underlie 
these cellular effects. We further report that KTH-222 reduces the rate of tumor growth and prolongs survival in 
mice implanted with MIA PaCa-2 cells. In this model system, KTH-222 is more effective than gemcitabine, a drug 
commonly used in the treatment of pancreatic cancer. Furthermore, KTH-222 does not decrease the rate of weight 
gain in the treated mice, suggesting the absence of gross toxicity. These activities of KTH-222 suggest that it may 
be useful in the treatment of pancreatic cancer.
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Introduction

Pancreatic cancer is the third leading cause  
of cancer-related deaths in the United States, 
with a 5-year survival rate of only 4% to 7%  
[1]. One of the recommended treatments for 
advanced pancreatic cancer is chemotherapy 
with gemcitabine, an antimetabolite, in combi-
nation with protein-bound paclitaxel, a tubulin 
inhibitor [2-4]. While initially very effective, the 
long-term utility of this regimen is ultimately 
limited by toxicity and the development of resis-
tance. Thus, there is a need for newer drugs or 
drug combinations to treat this disorder [4-8].

Atrial natriuretic peptide (ANP), as well as cer-
tain natural and synthetic peptides related to  
it by sequence homology [9, 10] or by being 
derived from the same precursor protein [11], 
have been reported to inhibit pancreatic cancer 
cell growth in vitro [11-13]. Members of this 
group of peptides also inhibit the proliferation 
of cells derived from human lung, hepatic, and 
gastric cancers in culture [9-16]. Furthermore, 
ANP and these related peptides have been 
found to reduce the growth of tumors derived 

from human pancreatic cells as well as those 
from human breast and lung cancer cell in 
mouse xenograft models [11, 17-19]. ANP  
itself has also been reported to reduce metas-
tases after curative lung cancer surgery in hu- 
man clinical studies [20]. Taken together, these 
data point to potential utility for ANP and relat-
ed peptides in the treatment of cancer. 

Surprisingly, ANP and some of its related  
peptides including long-acting ANP (LANP),  
kaliuretic peptide (KP), and vessel dilator pep-
tide (VDL), all of which inhibit the growth of  
cancer cells, share little sequence homology 
[11]. It has been possible, however, to identify  
a broadly defined motif that is common to all  
of these peptides [21]. This motif is 8 amino 
acids in length with moderately conserved resi-
dues at certain key positions. Screening of a 
library of peptides based on this motif with  
variations in the residues at each position pro-
duced a model of the optimal motif, from whi- 
ch KTH-222 was ultimately derived. In this re- 
port we describe the effectivness of KTH-222 
in inhibiting the growth of human pancreatic 
cancer cells both in culture and in a mouse 
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tumor xenograft model. These data suggest 
that KTH-222 may be useful in the treatment of 
pancreatic cancer.

Materials and methods

Materials 

KTH-222 (NH2-LKGQLRCI-C02H) was synthe-
sized at > 95% purity by New England Pepti- 
des (Gardner, MA). VDL (NH2-EVVPPQLSEPNEE
AGAALSPLPEVPPWTGEVSPAQR-C02H) was pur-
chased from Phoenix Pharmaceuticals, Incor- 
porated (Burlingame, CA) also at 95% purity. A 
library of 96 peptides (“peptide library”) was 
designed based on an 8-amino acid motif  
common to ANP, VDL, KP, and LANP (Table 1).  
It was also synthesized at 95% purity by New 
England Peptides. All peptides were stored 
lyophilized at 4°C and dissolved just prior to 
use in either saline for the xenograft study or  
in phosphate-buffered saline (PBS) with 0.1% 
bovine serum albumin (BSA) for cellular stud-
ies. Peptides of the peptide library were recon-
stituted in 96 well plates and frozen after use. 
The frozen samples were thawed and re-used 
to confirm activity. Gemcitabine was received 
as a colorless solution and was stored at 4°C 
until use. Gemcitabine was diluted just prior to 
use in a saline solution. HPAC human pancre-
atic adenocarcinoma cells (CRL-2119) and MIA 
PaCa-2 human pancreatic epithelial cells (CRL-
1420) were received from the American Type 
Culture Collection (ATCC; Manassas, VA), and 
were cultured according to the supplier’s in- 
structions. Following an initial expansion wh- 
en first received, these cells were frozen back 
in aliquots for later use. For the current study,  

a new aliquot was thawed, and the cells were 
carried for up to 4 passages (5 passages sin- 
ce they were received from ATCC). The cells 
were cultured in T25 flasks, and the medium 
was replaced twice weekly. The cells were sp- 
lit 1:10 into new flasks weekly. Before they 
reached confluence, the cells were dissociat- 
ed with trypsin (15 minutes at 37°C), triturat- 
ed (25 times using a 5 ml pipet), and used to 
seed either 6- or 24-well microtiter plates (see 
below).

Cell culture

HPAC and MIA PaCa-2 cells were grown in 
microtiter plates (Corning™ Costar™ flat bot-
tom cell culture microplate, Fisher Scientific, 
Waltham, MA). The cells were seeded either in 
6-well plates at high density (5 × 105 cells per 
well) or in 24-well plates at low density (7 × 103 
cells per well). KTH-222, or its vehicle (PBS  
with 0.1% BSA) was added to each well at the 
time of seeding. For some of the 6-well plates, 
the non-attached cells (i.e. those still in the 
medium) in each well were counted 3 hours 
after plating by withdrawing a small portion of 
the medium after gently rinsing the plate. For 
other 6-well plates, 24 h after the seeding of 
cells each well was washed and treated with 
trypsin, and the number of cells counted. All 
counting was done in triplicate using a Coun- 
tess® automated cell counter (Thermo Fisher 
Scientific, Waltham, MA), and trypan blue dye 
exclusion was used to assess viability. For the 
24-well plates, 24 hours after the seeding of 
cells, each well of the plates was washed with 
phosphate buffered saline, fixed with ethanol 
(0°C), and stained with crystal violet within the 

Table 1. The common motif identified among ANP and related peptides that inhibit cancer cell growth 
is aligned with the sequences of ANP and the related peptides from which it was derived

Peptide Amino Acids  
Comprising Motif

Amino Acids at Each Residue in Motif
1 2 3 4 5 6 7 8

CommonMotif --- HP, NP, NI P, PC P, NC Any HP, NP, NI Non-HP Any HP, NP, NI
ANP 8-15 F G G R M D R I
KP 8-15 L K S K L R A L
LANP 15-22 F K N L L D H L
VDL 15-22 A G A A L S P L
Peptide Library --- A, F, L G, K A, G, L, N, S all L, M D, R, S all I, L
KTH-222 --- L K G Q L R C I
Comparisons are also shown with the amino acids represented in the peptide library and the sequence of KTH-222. Character-
istics used to describe allowable amino acid side chains in the conserved regions of the motif are: hydrophobic (HP), non-polar 
(NP), non-ionizable (NI), polar (P) and positively charged (PC).
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wells for microscopic examination. For evalua-
tion of cell morphology, three photomicro-
graphs were made of each of the fixed and 
stained wells using Moticam-5 digital camera 
attached to a Motif 160 M inverted trinocular 
microscope (VWR, Radnor, PA). The field size 
was 1110 um by 830 um.

Screening of the peptide library 

HPAC cells cultured in 24 well microtiter plates 
as described above were each exposed to a dif-
ferent peptide from the peptide library, or the 
vehicle (PBS with 0.1% BSA). The test sub-
stance was added to each well at the same 
time at a 1:1000 dilution, which gave a final 
concentration of 100 nM for the peptides. 
Twenty-four hours after adding the peptide, the 
cells were fixed, stained with crystal violet,  
and photographed (3 photographs per well) as 
described above. Both the total number of cells 
on each photograph and those with an elon- 
gated morphology (longest axis > 2 x shortest 
axis) were counted separately. The ratio of  
elongated to total cells was calculated. Each 
peptide was ranked according to its ability  
to reduce the percentage of elongated cells.  
All assays were done in duplicate.

Measurement of tubulin polymerization

A tubulin polymerization kit that measures the 
aggregation of purified bovine tubulin (Millipore 
Corp., Burlington, MA), was used to examine 
the effects of KTH-222 on tubulin dynamics. 
The method employed by this kit was adapted 
from the methods of Sharansky et al. and Lee 
et al. [22, 23]. The degree of polymerization is 
based on the proportionality between the light 
scattered by microtubules, measured as turbid-
ity, and the concentration of microtubule poly-
mer. The test agents or their vehicles were 
added to a solution containing tubulin mono-
mers in an appropriate buffer. The positive con-
trol, paclitaxel, was used at a concentration of 
10 μm, as recommended by supplier of the  
kit. This mixture was incubated at 37°C in a 
microtiter plate and its optical density was me- 
asured at 350 nm every 2 minutes for 40 min-
utes using a plate reader. The results from dif-
ferent experiments were normalized for aver-
age total polymerization under the control con-
ditions. Time “0” was set as the last time point 
before an increase in polymerization in the con-
trol condition.

Xenograft study

The xenograft study was performed at Trans- 
lational Drug Development (TD2, Scottsdale, 
AZ) using their standard protocol, which was 
approved by the TD2 institutional review board 
(Approved Study #TD3567). Female athymic 
nude mice were received at 4 weeks of age  
and were acclimated for at least 5 days prior  
to study initiation. The mice were housed in 
microisolator cages and maintained under spe-
cific, pathogen-free conditions. The mice were 
fed Toland Global Diet® 2920x irradiated labo-
ratory animal diet, and autoclaved water was 
freely available. All procedures were carried  
out under the institutional guidelines of Trans- 
lational Drug Development Institutional Animal 
Care and Use Committee, which conform to  
the Guide for the Care and Use of Laboratory 
Animals as adopted and promulgated by the  
U. S. National Institutes of Health (Protocol 
Number TD3567). Animals were identified us- 
ing transponders. 

The mice were inoculated subcutaneously in 
the right flank with 0.1 ml of a 50% media/50% 
Matrigel® mixture containing a suspension of  
5 × 106 cells/mouse of MIA-PaCa-2 tumor  
cells. At time of inoculation, the mice were 5-6 
weeks old. Tumor bearing animals were moni-
tored and tumors were measured periodically 
until they reached the designated start size (> 
125 mm3). Tumor width and length diameters 
were measured using a digital caliper. The mea-
sured values were digitally recorded using the 
animal study management software, Study 
Director. Tumor volumes were calculated utiliz-
ing the formula: Tumor volume (mm3) = (a × 
b2/2) where ‘b’ is the smallest diameter and  
‘a’ is the largest diameter [24]. On the thir-
teenth day following inoculation, designated 
Study Day 1, forty mice with tumor sizes of 129-
188 mm3 were randomized into four groups  
(n = 10), each with a mean of approximately 
160 mm3, by random equilibration using Study 
Director (Day 1). Tumor volumes and body wei- 
ghts were recorded when the mice were ran-
domized and were measured again twice week-
ly thereafter. Percent body weight change  
compared to study day one was calculated 
after subtracting tumor weight from overall 
weight. Clinical observations were made daily.

On Study Day 1, some mice begin receiving 1 
ml/kg intravenous (tail vein) injections of KTH-
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222 (0.5 mg/ml), VDL (2 mg/ml), or their vehi-
cle (Control group) three times weekly for the 
duration of the study. Other mice received the 
positive standard drug, gemcitabine, intraperi-
toneally at a dose of 80 mg/kg in a volume of 
10 ml/kg. Gemcitabine was given once every  
3 days for four cycles. This regimen for gem-
citabine has been found to produce the maxi-
mum effectiveness possible in this model with-
out causing lethality. Treatment groups were 
terminated when the average tumor volume for 
the group reached 1000 mm3 (terminal tumor 
volume).

Statistical comparisons

Grubb’s test was used to identify animals in  
the xenograft study who were outliers from 
their group based on tumor growth. The outliers 
were eliminated from the study before further 
statistical analysis, resulting in the loss of one 
animal from each group except the VDL-treated 
group. The results from the xenograft study 
(after removal of the outliers) as well as the tu- 
bulin polymerization measurements were com-
pared using a two-way ANOVA and post hoc 
comparisons with Bonferroni corrections for 
multiple comparisons (IBM SPSS® Statistics  
v. 25, IBM, Armonk, NY). Individual means from 
the in vivo and in vitro studies were compared 

using t-tests. When multiple 
t-tests were done on the sa- 
me data set, the probabilities 
were adjusted using the fal- 
se discovery rate method of 
Benjamin and Hochberg [25].

Results

Derivation of KTH-222

HPAC human pancreatic can-
cer cell cultures grown at low 
cell density were found to con-
tain a majority of large, round-
ed cells and a smaller number 
of elongated, fusiform-shaped 
cells (Figure 1A). During pilot 
testing of ANP and related 
peptides for their actions on 
HPAC cells, the most obvious 
effect was a decrease in the 
percentage of elongated, fusi-
form cells in the culture (data 
not shown). The impact of 

KTH-222 treatment on HPAC cell morphology 
seen by comparing Figure 1A and 1B illustrat- 
es this effect. Since a fibroblastic morphology 
has been associated with tumor invasiveness 
and metastasis [26], this reduction of cells with 
an elongated, fusiform shape was chosen as a 
measure of the potential anti-tumor activity of 
these peptides.  

The sequences of ANP and the related peptides 
KP, LANP and VDL, which share a common pre-
cursor and which all inhibit the growth of can-
cer cells were compared, and an 8-amino acid 
length motif common to all of the peptides was 
identified (Table 1). A library of 96 8-mer pep-
tides representing variations in the amino acids 
at each position that were consistent with the 
broad requirements of the motif was design- 
ed and synthesized. These peptides were then 
screened for their ability to reduce the percent-
age of elongated cells in HPAC cultures. The 
sequences of peptides that had greater acti- 
vity (i.e. top tercile) were compared with the 
sequences of those that had lower active (i.e. 
bottom tercile). Individual amino acids or com-
binations of up to three amino acids that con-
ferred greater or lower activity at each position 
within the motif were identified. A model of  
the optimally active peptide was constructed  
by incorporating those sequence elements that 

Figure 1. Effect of KTH-222 on cell morphology. Representative photomicro-
graphs of HPAC (A and B) and MIA PaCA-2 (C and D) cells treated for 24 h 
with either KTH-222 (1 μM; B and D) or its vehicle (A and C) and then stained 
with crystal violet (see “Methods”). A decrease in the proportion of elongated 
cells can be appreciated following treatment with KTH-222. The bar at the 
lower right-hand corner of (A) indicates a length of 100 μm.
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conferred greater activity and avoiding those 
associated with lower activity. Six peptides that 
fit this model were synthesized and tested in 
the same assay used for originally screening 
the peptide library. KTH-222 was found have 
the highest level of activity in this group. The 
other activities of KTH-222 against human can-
cer cells are described in further detail below.

Effect of KTH-222 on cultured human pancre-
atic cancer cells

In HPAC cultures, treatment with 1 uM KTH-222 
for 24 h reduced the number of cells with an 
elongate morphology from 15.8 ± 3.0% (n = 5) 
to 6.0 ± 4.4% (n = 3) (compare Figure 1A and 
1B). This 60.3% reduction in elongated cells 
was statistically significant (2-tailed t-test, P < 
.05). MIA PaCa-2 human pancreatic cancer cell 
cultures, similarly to HPAC cells, also contain- 
ed a majority of large, rounded cells and a 
smaller number of elongated, fusiform-shaped 
cells (Figure 1C). The effect of KTH-222 on MIA 
PaCa-2 cell cultures was qualitatively similar to 
that on HPAC cells (compare Figure 1C and 1D).

Treatment of newly plated HPAC and MIA Pa- 
Ca-2 with KTH-222 for 24 hours reduced the 
number of cells present in the culture com-

Figure 2. Reductions in the numbers of HPAC and 
MIA PaCA-2 cells after 24 h of exposure to KTH-222. 
Values are the mean and standard deviation of 5-7 
different experiments (HPAC) or 4 different experi-
ments (MIA PaCa-2). Curves were fit with GraphPad 
Prism 8® using a non-linear, three parameter mod-
el. The single and double asterisks indicate a sig-
nificance difference from the control using a single 
sample t-test, with P < .001 (n = 7) and P < .05 (n = 
4), respectively.

pared to control conditions (Figure 2). For both 
cell lines, this reduction was concentration 
dependent. For the HPAC cells, the inhibition 
appeared to plateau at 30 ± 10% at a KTH-222 
concentration of 100 nM. This reduction was 
statistically significant (single-sample t-test 
compared to a value of 0, P < .001, n = 7). KTH-
222 was less potent in reducing the number of 
MIA PaCa-2 cells in culture, with an apparent 
plateau in effect not being reached until a  
concentration of 1 mM. The reduction in cell 
number at this concentration was 26 ± 10%, 
which was also statistically significant (single-
sample t-test compared to a value of 0, P < .05, 
n = 4). The 100 nM concentration of KTH-222 
did not significantly reduce the percentage of 
viable HPAC cells compared to control treat-
ment (78 ± 22% and 80 ± 16%, respectively, n 
= 5), nor did a 1 mM concentration of KTH-222 
reduce the viability of MIA PaCa-2 cells (89 ± 
4% viability of treated cells and 90 ± 5% of 
untreated, n = 4).

KTH-222 (1 μM) also reduced the ability of 
HPAC cells to attach to tissue culture-treated 
microtiter plates. Four hours after the plating  
of HPAC cells at a density of 5.0 × 105 cells/ 
well in control medium, 54% of the cells (2.7 ± 
1.8 × 105 cells) remained unattached as mea-
sured by counting cell in the medium. The pres-
ence of KTH-222 during these 4 hours incre- 
ased the number of unattached HPAC to 72% 
(3.6 ± 1.8 × 105 cells). This increase of 18% 
was statistically significant (1-tailed t-test, P < 
.05, n = 3).

Effect of KTH-222 on tubulin polymerization

Under control conditions, tubulin polymeriza-
tion accelerated rapidly after approximately 10 
minutes of incubation and approached a pla-
teau by 30 minutes (Figure 3). The positive 
standard for the tubulin polymerization assay, 
paclitaxel (10 uM), increased the total amount 
of polymerization compared to the vehicle, 
especially early in the polymerization period. 
The difference between the control and pacli-
taxel curves was statistically significant (P > 
.001; two-way ANOVA). This effect of paclitaxel 
on tubulin polymerization is consistent with 
reported results [27]. In contrast, KTH-222 pro-
duced a decrease in tubulin polymerization. 
This inhibition appeared to be concentration 
dependent and the reduction produced by 1 
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uM KTH-222 was statistically significantly  
(two-way ANOVA, P < .001).

Effect of KTH-222 on human pancreatic tumor 
growth in a xenograft model

Gemcitabine treatment (80 mg/kg IP, given 
once every 3 days for four cycles) reduced  
the rate of tumor growth in mice implanted  
with MIA PaCa-2 human pancreatic cancer  
cells compared to control treatment (two-way 
ANOVA, P < .001; Figure 4). A maximum de- 
crease in tumor volume of 29% was reached 
five days after the final dose of gemcitabine 
(Study Day 17). This decrease was statistically 
significant (2-tailed t-test, P < .01). After this 
point, the percentage reduction in tumor vol-
ume declined to a value of 14% by Study Day 
45 (not statistically significant). No measures  
of effectiveness compared to controls could  
be made after Study Day 45 because the  
control group reached its terminal tumor vol-
ume on this day and was terminated. The gem-
citabine-treated group reached its terminal tu- 
mor volume on Study Day 52, one week after 
the control group had reached this point. 

KTH-222 treatment (0.5 mg/kg IV, three times 
weekly for the duration of the study) also re- 
sulted in a reduced rate of tumor growth com-

pared to control treatment (two-way AN- 
OVA, P < .001; Figure 4). The percentage of 
reduction increased throughout the treatment 
period and reached a maximum of 31% on 
Study Day 45. This reduction was statistically 
significant (2-tailed t-test, P < .05). From Study 
Day 30 onward, KTH-222 treatment produced 
a significantly greater reduction in tumor growth 
than did gemcitabine treatment (two-way 
ANOVA, P < .001). KTH-222-treated animals did 
not reach terminal tumor volume until day 59, 
two weeks later than the control group  
and one week later than gemcitabine-treated 
group. 

Vessel dilator (VDL) is one of the peptides relat-
ed to ANP by having a common precursor and 
has been reported to be more effective than 
ANP in reducing the growth of human pancre-
atic cancer cells in a mouse xenograft model 
[18]. In the present study, VDL treatment only 
produced a small decrease in tumor volume. 
This decrease reached a maximum of 4.9% on 
Study Day 17 which was not statistically sig- 
nificant. The VDL-treated group reached termi-

Figure 3. Effect of KTH-222 on tubulin association. 
Polymerization was conducted in the presence of pa-
clitaxel (the positive standard; 10 μM; n = 5), KTH-222 
(100 nM and 1 uM; n = 2, each) or the vehicle (Con- 
trol; n = 6). The curves for both paclitaxel and 1 uM 
KTH-222 significantly differed from the control curve 
and from each other (P < .001; two-way ANOVA). The 
difference between the 100 nM KTH-222 curve and 
the control curve was not statistical significance.

Figure 4. Reduction of human pancreatic cancer 
growth in a mouse xenograft model produced by 
KTH-222. The tumor growth curves for KTH-222 
and gemcitabine treatments were both significantly 
different than that for control treatment (two-way 
ANOVA, P < .001). The curve for VDL treatment did 
not differ from that for control treatment (two-way 
ANOVA, P = 1.00). Starting at Study Day 30 and pro-
ceeding until the gemcitabine group reached their 
terminal tumor volume (Study Day 52), the curve 
for tumor growth in animals treated with KTH-222 
was also significantly different than that for those 
animals treated with gemcitabine (see “Methods”). 
Group mean values and standard deviations are 
shown. “X” indicates the point at which the terminal 
tumor volume for each group was reached or first  
exceeded (see “Methods”).
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nal tumor volume on the same Study Day as  
the control group (Study Day 45, Figure 4). 

Animals treated with gemcitabine experienced 
their maximum weight loss on Study Day 7, 
which was during the gemcitabine treatment 
period that extended from Study Day 1 to 10. 
On Study Day 7, the average weight (after  
subtraction of tumor weight) of the gemcita- 
bine-treated animals was 21.2 ± 2.3 g and that 
of the control animals was 22.9 ± 1.4. This 
compares to weights of 22.7 ± 2.2 g and 22.7 ± 
1.4 g, respectively, on Study Day 1. The reduc-
tion in weight in the gemcitabine group, while 
moderate (7.4%), was a statistically significant 
decrease (one-tailed t-test, P < .05). Animals 
treated with KTH-222 experienced their maxi-
mum weight loss on Study Day 3. Their weight, 
however, did not differ from that of the control 
group (22.6 ± 1.5 and 22.6 ± 2.1, respectively) 
since the control group also lost weight on 
Study Day 3.

Discussion

KTH-222 is a novel, small peptide whose 
sequence is based on an 8-amino acid long 
motif present in ANP and a group of related 
peptides, all of which reduce cancer cell growth 
[9-12, 14-17, 19, 28]. This motif is defined  
primarily by the chemical characteristics of the 
amino acid side chains at certain key locations 
(e.g. polar vs. non-polar) rather than by specific 
amino acids. Despite the imprecision in its defi-
nition, we feel that it is the most plausible 
mechanism for the common action of these 
peptides. We focused on the 8-amino acid 
length motif itself rather than also considering 
the flanking regions present in ANP and others 
of the related peptides because, even using 
just this truncated peptide, the range of sub- 
stitution patterns to be explored was very large. 
The finding that KTH-222 was more active than 
in a xenograft model system than one of the 
full-length ANP-related peptides containing the 
natural version of the motif (VDL) at least partly 
validates this approach.

We initially observed that ANP-related pepti- 
des, including those of our motif-based pepti- 
de library, primarily affected HPAC and MIA Pa- 
Ca-2 cell morphology. KTH-222 also produced 
decreases in cell attachment to the plate and, 
possibly as a consequence, cell number 24 
hours later. Surprisingly, KTH-222 did not re- 

duce cell viability. While the latter finding is  
consistent with reports showing minimal toxici-
ty of ANP-related peptides on normal cells [29-
31], it disagrees with other studies showing 
modest to profound toxic effects against can-
cer cells [11-13]. The in vitro studies in the 
present report employed a lower concentration 
of peptide and a shorter exposure time than 
the cytotoxicity assays used in some other 
studies. These differences could have reduc- 
ed our ability to observe cytotoxic effects. 
Alternatively, the primary mechanism of reduc- 
ed cancer cell growth by these peptides may 
not be cytotoxicity.

One potential common thread between the 
three in vitro actions of KTH-222 observed in 
the present study (i.e. altered morphology, re- 
duced attachment, attenuated proliferation) is 
altered tubulin functioning [32, 33]. We, there-
fore examined the effect of KTH-222 on tubulin 
dynamics and found that it inhibited tubulin 
polymerization. Other drugs that disrupt tubu- 
lin dynamics, such as the taxanes and vinca 
alkaloids, are thought to interfere with the func-
tioning of the centromere and, thereby, produce 
cytotoxicity [34-36]. Our finding that KTH-222 
reduced cell number with no change in viability 
suggests a different mechanism for this pep-
tide. It is likely that KTH-222 is internalized by 
cells through bindings to the NPR-C receptor in 
the same manner as ANP [37]. It is unlikely, 
however, that it is able to enter the nucleus and 
interfere with centromere function because of 
its relatively large size. Thus, KTH-222 may act 
primarily on cytoplasmic tubulin. Although the 
anti-tubulin effects of KTH-222 do provide a 
possible basis for its activities on cancer cells, 
many other biochemical activities have been 
reported for ANP and its related peptides which 
could also contribute to reduced cancer cell gr- 
owth [9, 11, 38-40]. The effects of KTH-222 on 
some of these other mechanisms are under 
investigation.

In the xenograft system, gemcitabine produc- 
ed a maximal decrease in tumor volume of  
29% and extended survival time by one week 
compared to control treatment. This reduction 
of tumor volume was smaller than expected. In 
a pilot study using the same xenograft model  
system, gemcitabine produced a much larger 
maximal decrease in tumor volume compared 
to control treatment (61%) but the same one-
week extension in survival time (data not sh- 
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own). The reason for the variability in the effec-
tiveness of gemcitabine in reducing tumor vol-
ume between these two studies is not known. 
The extension of survival time produced by 
gemcitabine was, however, consistent.

The dosage of KTH-222 used in the xenograft 
study was selected to produce a 1 µM con- 
centration in the body fluid, assuming a one-
compartment model for distribution and a to- 
tal fluid volume of approximately 55% of body 
weight [41]. This concentration was selected 
based on in vitro potency of the peptide. KTH-
222 at this dose was more effective than gem-
citabine in reducing the growth of human pan-
creatic cancer cell tumors. In particular, KTH- 
222 produced a significantly greater reduction 
of tumor growth than gemcitabine in the latter 
part of the study. Furthermore, KTH-222 ex- 
tended a survival time longer than did gemci- 
tabine.

One gross indicator of mouse health is weight 
maintenance or gain. The gemcitabine-treated 
group in our xenograft study experienced a 
modest, but statistically significant weight loss 
(7.4%) compared to the control group during the 
gemcitabine administration period. This small 
degree of this loss is consistent with the gem-
citabine dose having been chosen to limit gr- 
oss toxicity. Surprisingly, KTH-222 produced no 
weight loss relative to control treatment dur- 
ing its administration period. This suggests that 
it may be relatively free of gross toxic effects.

VDL, given at the same molar dosage as KTH-
222, produced only a 4.9% decrease tumor 
growth in MIA PaCa-2 xenograft model. These 
findings seem to disagree with two earlier stud-
ies in which VDL was reported to produce great-
er than a 90% reduction in tumor growth in 
xenografts implanted with HPAC cells [17, 18]. 
In one of these studies [17], VDL was given as 
an IV bolus, as it was in the present study. One 
possible explanation for this discrepancy is th- 
at MIA PaCa-2 xenografts are more resistant 
than HPAC xenografts to the effects of VDL. 
Another possible explanation lies in differenc- 
es in the method of implanting the tumor cells 
between the studies. The earlier studies used  
a smaller number of tumor cells (106) which 
were injected in phosphate-buffered saline 
[17]. Our study employed a more common pro-
tocol of injecting a larger number of cells (5 × 
106) in a 50% Matrigel® matrix. The latter 
approach facilitates production of a tumor by 
the cells [42]. In addition, treatment in our 

study began after the tumors had reached a 
larger size than in the earlier studies. The lar- 
ger size and more established nature of the 
tumors in our xenograft system may also have 
reduced the effectiveness of VDL.

The ability of KTH-222 to inhibit tubulin polym-
erization may be particularly useful in the tre- 
atment of pancreatic cancer as well as other 
cancers in which tubulin inhibitors, such as nab 
paclitaxel have proven to be effective [5, 7, 
43-49]. KTH-222 could also be useful in inhibit-
ing cancer cell metastasis. Thus, it might inter-
fere with the changes in cancer cell adhesion 
properties that are critical in the formation of 
metastases [50, 51]. In addition, by interfering 
with changes in cell morphology it may inhibit 
the adoption of a mesenchymal phenotype by 
cancer cells that makes them more invasive 
[26]. Inhibition of cancer cell metastasis has 
been reported when using ANP to treat postop-
erative lung cancer patients [20].

The utility of many currently used drugs in treat-
ing pancreatic cancer is ultimately limited by 
their toxicities and the eventual development of 
resistance to their actions [35, 52, 53]. KTH-
222 has the potential to be less toxic, and  
may be less susceptible to the development  
of resistance based its peptidic chemical stru- 
cture [54]. Thus KTH-222 or other peptides of 
its class may be useful additions to current 
chemotherapies.
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