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Research using animal models mimicking the metastasis of hu-
man tumors to bone is critical for the development of cancer ther-
apeutics. Bone metastases are present in almost all people who die 
of cancer and are more likely to occur with breast, prostate, lung, 
kidney, and thyroid cancers.1,24 In patients with advanced breast 
and prostate cancers, much of the tumor burden at the time of 
death will be found in bone.20 The pattern of bone metastases can 
range from purely destructive (osteolytic) to mostly osteoblastic 
(bone-forming) lesions. Osteolysis is accompanied by pain, bone 
fragility, and increased susceptibility to pathologic fracture. In 
osteolytic metastasis, a 2-way interaction between tumor cells and 
osteoclasts in the bone microenvironment leading to continued 
osteolysis and tumor growth is suspected.20 Current therapies for 
bone metastases, such as bisphosphonates, are directed at inhibit-
ing bone resorption, but other therapies are in development that 
specifically target tumor cell or osteoclast factors involved in the 
2-way cycle between tumor growth and osteolysis.18

Bone metastasis is rare in mouse models of spontaneous mam-
mary and prostate carcinomas, experimentally implanted ani-
mal tumor models (such as syngeneic and xenograft tumors), 
and chemical or transgenic induction of mammary and prostate 
carcinomas. To increase the frequency of bone metastases, injec-
tion techniques using either orthotopic tumor cell injection into 
mammary glands or prostate or intracardiac injection of human 
tumor cell lines into the left ventricle of nude mice have been 

developed.5,14,25,31 In contrast to the late stage, low incidence of me-
tastasis after orthotopic injection, intracardiac injection of human 
tumor cell lines results in much higher rates of bone metastasis 
at an early stage in the disease, with osteolytic metastases to the 
metaphyses of long bones.6,23 Development of osteolytic lesions 
in this model can be monitored by various methods, including 
radiography and, more recently, in vivo bioluminescent imaging 
(BLI) using lucerifase-tagged tumor cells. Bioluminescent imag-
ing detects micrometastatic lesions and allows for serial in vivo 
monitoring of bone metastases.9-11 After a BLI study, bone metas-
tases can be assessed histologically, with tumor foci typically seen 
in the femur or tibia.

Bone metastasis models using the intracardiac tumor injection 
technique have been primarily focused on a few breast (for ex-
ample, MDA-MB-231) and prostate models (for example, PC3), 
but additional models of other tumors that interact with bone 
(especially lung carcinomas) need to be developed.24,30 Intracar-
diac injection of some nonsmall cell lung carcinoma tumor cell 
lines have led to stroke-like clinical signs, including head tilt, 
spinning, and failure to recover from anesthesia after intracardiac 
injection.15 We postulated that the stroke-like clinical signs and 
mortality were due to thromboembolism formation immediately 
after intracardiac tumor cell injection.

Tumor cells have procoagulant activity. Procoagulants, such 
as tissue factor, may be increased on the surface of or secreted 
into the blood by cancer cells, leading to changes in the clotting 
cascade.13 Approximately 15% of all cancer patients are affected 
by thromboembolic disease, including superficial and deep-vein 
thrombosis, arterial thrombosis and embolism, pulmonary em-
boli, and thrombosis of venous access devices.12,13 Anticoagulant 
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Enoxaparin sodium (Lovenox, Sanofi Aventis) was diluted in 
0.9% sterile saline to a concentration of 1 mg/mL and admin-
istered at 10 mg/kg intravenously into the tail vein. The enox-
aparin dose was chosen based on a previously published study 
using enoxaparin intravenously in mice in a B16 melanoma 
mouse model of metastasis.19

Firefly d-luciferin (Xenogen, Alameda, CA) was diluted to 
15 mg/mL and stored at –80 °C and protected from light until 
thawed and administered at 150 mg/kg intraperitoneally.

Animals. Female CrTac:NCr-Foxn1nu were obtained from Tacon-
ic (Germantown, NY, and Cambridge City, IN). Mice were 4 to 8 
wk old at the start of the experiments. All experimental proce-
dures were approved by the institutional animal care and use 
committee at an AAALAC-accredited facility and adhered to the 
Guide for the Care and Use of Laboratory Animals.21

Mice were housed 5 per cage in sterile individually ventilated 
microisolation caging with corncob bedding and provided ir-
radiated feed (5053, Purina, St Louis, MO) and reverse-osmosis–
purified water ad libitum. Temperature was maintained at 20 
to 22 °C, with humidity at 30% to 60% and a 12:12-h light:dark 
cycle. Mice were housed in a specific pathogen-free facility where 
quarterly sentinel surveillance was done. Sentinel mice were 
negative for respiratory and enteric bacterial pathogens, Helico-
bacter spp., Mycoplasma pulmonis, Sendai virus, murine norovirus, 
mouse hepatitis virus, pneumonia virus of mice, minute virus 
of mice, mouse parvovirus types 1 through 4, reovirus 1 and 3, 
mouse rotavirus, Ectromelia virus, lymphocytic choriomeningitis 
virus, polyoma virus, K virus, mouse adenovirus types 1 and 2, 
mouse cytomegalovirus, lactate dehydrogenase-elevating virus, 
mouse thymic virus, Hantaan virus, Seoul virus, Theiler murine 
encephalomyelitis virus, endoparasites, and ectoparasites.

Intracardiac injections. Mice were anesthetized with 90 mg/kg 
ketamine and 10 mg/kg xylazine intraperitoneally prior to the 
intracardiac injections. Mice were placed in dorsal recumbency 
and injected in the left ventricle with 1 × 106 lucerifase-tagged tu-
mor cells in 100 μL serum-free media by using a 0.5-mL tuberculin 
syringe with a 27-gauge needle (Beckton Dickinson). Sterile skin 
prep was not done prior to injection, but the injection needle was 
changed between animals. The dose for tumor cells was based on 
preliminary experiments that showed survival but inconsistent 
tumor metastases after intracardiac injection of 1 × 105 H1975luc 
cells (data not shown). To assess the accuracy of intracardiac in-
jection, mice were imaged (IVIS 200, Xenogen) 4 minutes after 
intraperitoneal injection with 150 mg/kg d-luciferin. d -Luciferin 
interacts with the lucerifase-tagged tumor cells, and accurate 
intracardiac injection results in distribution of bioluminescence 
throughout the animal. Mice were monitored until recovery from 
anesthesia, and any mice exhibiting neurologic clinical signs were 
euthanized. Failure to regain consciousness after anesthesia or 
to survive beyond the first few days after tumor challenge was 
noted.

Imaging. Development and extent of metastasis was monitored 
by in vivo BLI to detect bioluminescence of human tumor cell 
lines expressing firefly lucerifase and green fluorescent  protein. 
Mice were injected with d-luciferin (150 mg/kg IP) and anes-
thetized by exposure to 3% isoflurane in O2. Mice were imaged 
under isoflurane anesthesia, with dorsal and ventral images col-
lected at 9 and 11 min after luciferin injection, respectively. Images 
were collected twice weekly after the first week until study ter-
mination. Images were gated for regions of interest that included 

treatments used clinically to prevent thrombi and thromboemboli 
include warfarin, unfractionated heparin (UFH), and low-molec-
ular–weight heparins (LMWH), such as enoxaparin (Lovenox, 
Sanofi Aventis, Bridgewater, NJ) and dalteparin (Fragmin, Pfizer, 
New York, NY). LMWHs are prepared through chemical, hydro-
lytic, or enzymatic degradation of unfractionated heparin.13 Both 
UFH and LMWH exert their anticoagulant effects by binding to 
antithrombin and causing a confrontational change. This change 
increases the interaction of antithrombin with thrombin (IIa) 
and activated factors X (Xa) and IX (IXa), leading to inhibition of 
clotting.8,28

LMWHs decrease the formation of thromboembolism and sub-
sequent mortality in several murine models of thromboembolism 
and disseminated intravascular coagulation (DIC). In the murine 
model of thrombin-induced thromboembolism, massive deposi-
tion of intravascular fibrin—mainly within the pulmonary arter-
ies—causes death within 5 minutes after thrombin injection.16,22 
Both UFH and LMWH inhibit thrombin and prevent mortality 
in this model, but bleeding times and activated partial prothrom-
bin time (APPT) are less prolonged with LMWH.16 LMWH is 
also effective in preventing murine DIC in a lipopolysaccharide 
model, in which mice given 2 injections of lipopolysaccharide 
develop DIC, multiple organ failure, and die. Mice given LMWH 
before lipopolysaccharide administration have fewer lung and 
liver microthrombi and greater survival than do mice not given 
LMWH.26,27

Here, we evaluated the use of LMWH in mice to prevent mor-
bidity and mortality associated with intracardiac injection of 
human tumor cell lines. We determined that thromboembolism 
occurred in intracardiac tumor-challenged mice and that LMWH 
blocked thromboembolism. We also determined the effect of 
LMWH on animal survival and subsequent development of bone 
metastasis in this mouse model.

Materials and Methods
Reagents. Nonsmall cell lung cancer cell lines H1975 and H2126 

(American Type Culture Collection, Manassas, VA) were trans-
formed to express luciferase and green fluorescent protein by 
using a lentiviral vector with a murine EF1a promoter, pLV411G. 
Transduced cells were sorted for expression of green fluorescent  
protein and placed into culture in RPMI media (Invitrogen, Grand 
Island, NY) with 10% fetal calf serum at 5% CO2, 37 °C. These luc-
erifase-tagged cell lines are referred to as H1975luc and H2126luc. 
Cell lines were tested negative for Mycoplasma species and rodent 
viral pathogens (Sendai, mouse hepatitis virus, pneumonia vi-
rus of mice, minute virus of mice, mouse parvovirus, reovirus 3, 
mouse rotavirus, murine norovirus, Ectromelia virus, lymphocytic 
choriomeningitis virus, polyoma virus, K virus, mouse adenovi-
rus, mouse cytomegalovirus, lactate dehydrogenase-elevating vi-
rus, mouse thymic virus, Hantaan virus, Kilham rat virus, Toolan 
H1 virus, rat parvovirus, rat cytomegalovirus, rat coronavirus, rat 
minute virus, sialodacryoadenitis virus, Seoul virus, Theiler mu-
rine encephalomyelitis virus, Theiler murine encephalomyelitis 
like virus) by PCR assays and passaged aseptically in a biological 
safety cabinet. For intracardiac injection, the cells were harvested 
from T175 culture flasks (Corning, Corning, NY) after a 5-min 
treatment with trypsin–EDTA (Invitrogen), counted by using 
an automated cell counter (Vi-Cell, Becton Dickinson, Franklin 
Lakes, NJ), and adjusted to appropriate numbers of cells per mil-
liliter in serum-free RPMI media.
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idence of accurate injection were included in the study. Mortality 
and neurologic clinical signs were monitored, and surviving mice 
were followed as long as 29 d for development of metastases and 
osteolytic lesions in the hindlimbs. Body weight determinations 
and imaging typically occurred twice weekly, with imaging days 
determined by personnel schedules and by how quickly metastat-
ic lesions developed. Mice were scheduled for euthanasia if they 
had weight loss exceeding 20% of prestudy body weight, showed 
evidence of paraplegia, or had severe osteolysis that resulted in 
bone fracture. Mice given H1975luc cells were anesthetized with 
isoflurane, weighed, and imaged by BLI on days 3, 6, 12, 15, 19, 
22, 26, and 29 after intracardiac tumor challenge. In addition, the 
pelvic area and hindlimbs of each H1975luc -injected mouse were 
radiographed on days 22, 26, and 29 to monitor the development 
of osteolytic lesions. Mice given H2126luc cells were anesthetized 
with isoflurane, weighed, and imaged on days 8, 12, 15, 19, and 22 
after tumor challenge. In addition, the pelvic area and hindlimbs 
of each H2126luc-injected mouse were radiographed on days 12, 
19, and 22 to monitor the development of osteolytic lesions. Mice 
were euthanized by CO2 followed by cervical dislocation. For 
histologic assessment of bone metastasis, both femurs and tibias 
were collected from each mouse, sectioned, and stained with he-
matoxylin and eosin and tartrate-resistant acidic phosphatase.

Statistical analysis. Growth curves from BLI data were evalu-
ated by repeated-measures analysis of covariance of the log-trans-
formed bioluminescence data by using Dunnett adjusted multiple 
comparisons. All statistical calculations were made through the 
use of JMP software version 7.0 interfaced with SAS version 9.1 
(SAS Institute, Cary, NC). Single-point measurements were ana-
lyzed by 1-way ANOVA by using a Dunnett post test (JMP7, SAS 
Institute).

Results
Thromboembolism study. All 20 enoxaparin-pretreated mice sur-

vived the 15 min needed to verify successful intracardiac injection 
of H2126luc tumor cells and to collect blood samples for either 
CBC or coagulation parameters. Without enoxaparin pretreat-
ment, all 20 mice died within 5 to 10 min after intracardiac injec-
tion. Blood collection was attempted in moribund mice, but many 
of the blood samples clotted during collection. Due to clotted 
specimens in the untreated group, CBC were performed on only 
5 of 10 hematology samples, and none of the coagulation samples 
were analyzed. No clotting was noted in any of the EDTA or cit-
rated blood samples from enoxaparin-pretreated animals. Results 
of CBC from animals pretreated with enoxaparin were similar to 
expected values for mice.7,17 Animals in the untreated group had 
significantly (P = 0.002) lower total white blood cell counts, with 
significantly fewer numbers of neutrophils (P < 0.0001), lympho-
cytes (P = 0.02), and eosinophils (P = 0.0003) when compared with 
values for the enoxaparin-pretreated group (Figure 1). Platelets 
counts were markedly and significantly (P < 0.0001) lower in the 
untreated group (Figure 2 A), with a significantly (P = 0.0001) 
but minimally higher mean platelet volume (Figure 2 B) and a 
significantly (P < 0.0001) but minimally lower mean platelet con-
centration (Figure 2 C). Neither platelet clumps nor large platelets 
were present on blood smears. Although coagulation tests were 
not available for mice not pretreated with enoxaparin, values for 
PT (mean, 6.8 ± 0.16 s) and fibrinogen (mean, 163 ± 27 mg/dL) 
from the enoxaparin-pretreated mice were similar to published 
reference intervals for mice (PT, 7.3 ± 0.4 s; fibrinogen, 230 ± 30 

the whole body, both hindlimbs, and the head area, and images 
were analyzed by using Living Image software (Xenogen).11 Areas 
were considered to be positive for tumor if the luminescent signal 
exceeded a manually adjusted low minimal threshold. In vivo 
bioluminescence was quantified, and the mean number of pho-
tons per second was calculated at each time point.

Development and progression of osteolytic bone lesions were 
monitored by radiography. Immediately after bioluminescent 
imaging, mice were placed singly in dorsal recumbency into the 
radiography system (MX20, Faxitron X-ray Corporation, Wheel-
ing, IL). Digital radiographic images of hindlimbs and pelvic ar-
eas were captured by using a duration of 10 s, magnification of ×4, 
and beam energy of 26 kV.

Investigation of thromboembolism. Twenty mice received 10 
mg/kg enoxaparin intravenously 10 min prior to intracardiac 
injection of 1 × 106 H2126luc cells, and another 20 mice received 
no treatment prior to intracardiac tumor cell injection of 1 × 106 
H2126luc cells. Mice were injected intraperitoneally with 150 mg/
kg d-luciferin, and successful intracardiac injection was verified 
by BLI. Immediately after imaging, blood was collected by cardio-
centesis and placed into K2EDTA blood tubes (Becton Dickinson) 
for complete blood count (CBC) or into sodium citrate (1.5-mL 
microfuge tubes; 1:10 v/v) for determination of coagulation pa-
rameters. Blood was collected from 10 mice from each group 
(untreated and enoxaparin-pretreated) for CBC and from the re-
maining 10 mice for coagulation assays. In addition, 10 mice from 
each group were evaluated histologically for thromboembolism. 
All mice were under ketamine–xylazine anesthesia at the time of 
cardiocentesis and were euthanized immediately afterward by 
cervical dislocation.

All blood samples were evaluated for clotting by visual ex-
amination. Plasma samples for coagulation measurements were 
frozen at –80 ºC until analyzed. Complete blood counts, includ-
ing reticulocytes, were determined on an automated hematology 
analyzer (Advia 120, Siemens, Tarrytown, NY) or from micro-
scopic evaluation of the blood smear. Wright–Giemsa-stained 
blood smears from all animals were examined microscopically 
for confirmation of automated results. Coagulation times [pro-
thrombin time (PT) and APTT] and fibrinogen concentrations 
were determined on an automated coagulation analyzer (ACL 
Elite Pro, Beckman Coulter, Miami, FL).

To assess thromboembolism formation, selected tissues (brain, 
liver, kidney, lung, heart and tibia) were collected at necropsy and 
placed in 10% formalin solution. Tissues were paraffin embed-
ded, sectioned and stained with hematoxylin and eosin. Slides 
were evaluated microscopically for formation of thromboemboli. 
To better visualize and characterize thrombi that were present, 
a subset of slides was stained with phosphotungstic acid hema-
toxylin.

Effect of LMWH on survival and metastases. Ten mice were giv-
en 1 ×10 6 H1975luc cells by intracardiac injection. An additional 
10 mice were given 10 mg/kg enoxaparin intravenously in the tail 
vein 10 min prior to administration of 1 ×10 6 H1975luc cells by 
intracardiac injection. In a separate study using H2126luc cells, a 
group of 15 mice was given 10 mg/kg enoxaparin intravenously 
in the tail vein 10 min prior to intracardiac injection of 1 × 106 
H2126luc cells. A nonenoxaparin pretreated group was not in-
cluded in the H2126luc study because of the 100% mortality seen 
in the thromboembolism study (see previous section). Successful 
intracardiac injection was assessed by BLI, and only mice with ev-
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Surviving H1975luc mice did not have any pathologic fractures, 
and body weight losses were acceptable until the end of the study 
on day 29.

Enoxaparin pretreatment of H1975luc mice had no effect on 
overall body weight loss as well as no effect on tumor burden 

mg/dL).29 All APTT times for enoxaparin-pretreated mice were 
prolonged beyond the time limit of the coagulation analyzer (110 
s; normal murine APTT, 22 ± 0.7 s).29 Hematocrit and hemoglobin 
values were minimally but not significantly higher in the untreat-
ed group versus the enoxaparin-pretreated group (P = 0.10 and P 
= 0.06, respectively; Table 1).

Mice not pretreated with enoxaparin had clear histologic evi-
dence of increased blood coagulability. The lungs of all 10 of 
these mice had numerous thromboemboli within many medium 
to small pulmonary vessels including alveolar capillaries (Figure 
3 A, B). The thromboemboli were composed of platelets, fibrin, 
and generally low numbers of erythrocytes. Rarely, neoplastic 
cells were present within the thromboemboli. Rare (1 to 2 per 
tissue) small thrombi were present with the vasculature of the 
brain (4 of 10 mice) and kidney (3 of 10 mice). None of the 10 
mice pretreated with enoxaparin had pulmonary (Figure 3 C, D) 
or brain thromboemboli, and only 2 mice had rare small renal 
thromboemboli. Other examined organs (liver, heart, tibia) did 
not have evidence of antemortem thrombus formation in either 
enoxaparin-pretreated or untreated mice.

Effect of LMWH on survival and metastases. Of 10 mice that 
did not receive enoxaparin prior to intracardiac injection with 1 
× 106 H1975luc cells, 5 suffered stroke-like events and died im-
mediately. The 5 remaining mice survived successful intracardiac 
injection and were included in the study. All mice receiving enox-
aparin prior to challenge with 1 × 106 H1975luc cells survived 
intracardiac injection; however, 2 of those intracardiac injections 
were deemed unsuccessful by BLI, and those mice were not in-
cluded in the study. Of the mice that received intracardiac injec-
tion of H2126luc tumor cells with enoxaparin pretreatment, 12 of 
the intracardiac injections were considered successful, and 10 of 
those 12 mice survived and continued on the study. The surviv-
ing H1975luc and H2126luc mice were monitored by BLI and 
radiography for development of metastases and osteolytic lesions 
in the hindlimbs. At day 19, 1 mouse in the H2126luc group had 
a pathologic fracture of the femur and therefore was euthanized. 
At day 22, body weights on the remaining 9 H2126luc mice had 
declined, and a progressive increase in bioluminescence and os-
teolytic lesions was noted, so the H2126luc study was terminated. 

Figure 1. White blood cell counts (mean ± SEM) without (dark bars; n = 
5) or with (white bars; n = 10) enoxaparin pretreatment. Untreated mice 
had significant (*, P ≤ 0.02) decreases in total white blood cell (WBC), 
neutrophil, lymphocyte,and eosinophil counts.

Figure 2. Platelet parameters (mean ± SEM) without (dark bars; n = 5) 
or with (white bars; n = 10) enoxaparin pretreatment. Untreated mice 
had significant (*, P ≤ 0.0001) decreases in (A) platelet numbers and (C) 
mean platelet concentration (MPC), with a significant increase in (B) 
mean platelet volume (MPV).
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before intracardiac tumor challenge had successful collection of 
blood for hematology and coagulation. All CBC and coagula-
tion test results (except APTT) were similar to those expected in 
naïve mice, and no thromboemboli were noted in the lungs. Due 
to pharmacologic inhibition of the intrinsic clotting cascade by 
enoxaparin, times for APTT were prolonged beyond the time 
limit of the assay (110 s). The PT and fibrinogen concentration 
were slightly lower than the published means of normal mice. 
Differences between PT and fibrinogen results on this study and 
published reference intervals likely reflect methodologic biases.

In contrast, all mice that did not receive enoxaparin before in-
tracardiac challenge with H2126luc cells had hypercoagulable 
blood, as indicated by clots in many of the collection syringes 
and blood collection tubes. The markedly lower platelets counts 
in untreated mice likely were due to consumption. Platelet con-
sumption was indicated also by the large number of thromboem-
boli (primarily in the lungs) of untreated mice. The higher mean 
platelet volume seen in the untreated mice may have been due to 
release of large platelets or to platelet clumping, but neither plate-
let clumps nor large platelets were observed on blood smears. The 
lower mean platelet concentration seen in the untreated mice indi-
cates a decrease in platelet granularity, probably due to activation. 
The untreated group also had a significant decrease in leukocytes 
due to decreases in lymphocytes, eosinophils, and neutrophils. 
The moderate decrease in neutrophils could be due to egress from 
the vasculature or to sequestration in capillary beds (or both).

In animal models of lipopolysaccharide-induced DIC, profound 
neutropenia occurs within 4 h, with most of the neutrophils pref-
erentially sequestering to the lungs.2-4,26,27 In our study, neutrophil 
sequestration was not noted in lung, liver, brain, heart, or kidney 
sections. Minimal increases in hematocrit and hemoglobin in the 
untreated group compared with the enoxaparin-pretreated group 
may be due to a dilutional effect of the 200 μL injection of enox-
aparin rather than a treatment-related effect. Alternatively, mice 
not pretreated with enoxaparin may have been hemoconcentrated 
slightly due to thrombi and thromboemboli formation, increased 
vascular permeability, or organ dysfunction in moribund animals. 
A flaw in the present study was the lack of a control saline only 
intravenous injection given to untreated mice prior to intracardiac 
tumor challenge, but it seems unlikely that a 200-μL injection of 
saline alone would have prevented the rapid thromboemboli for-
mation and subsequent mortality seen in this group.

(whole body, hindlimb, and head) as measured by biolumines-
cence, radiography, and histology when compared with untreat-
ed H1975luc mice (Figure 4 A, B). The H2126luc mice showed a 
typical body weight loss pattern seen for this model, where body 
weight is maintained until osteolytic lesions become pronounced. 
A decrease in body weight along with the development of oste-
olytic lesions signaled the end of the study. Bioluminescent imag-
ing showed substantial tumor burden by day 22 (Figure 5 A), and 
radiography and histology showed substantial osteolytic lesions 
in the hind limbs. Staining with tartrate-resistant acidic phos-
phatase showed osteoclasts at the bone–tumor interface (Figure 
5 B). Histopathologic scoring of bone metastases in the H2126luc 
mice showed 1 to 5 tumor foci in each femur and tibia.

Discussion
Because bone metastasis is common in human cancers, mouse 

models of bone metastasis are important in the development of 
effective treatments. Intracardiac injection of human tumor cell 
lines into nude mice results in multiple bone metastases and 
allows examination of the effects of potential therapeutics on 
tumors growing in the bone microenvironment. However, in-
tracardiac injections of some human tumor cell lines cause neu-
rologic clinical signs and high mortality in mice. Our previous 
work with the nonsmall cell lung carcinoma lines H1975luc and 
H2126luc resulted in 50% to 80% and 70% mortality, respectively 
(data not shown). In the few mice that survived, bioluminescence 
was present in bone, indicating that these cell lines could be use-
ful in investigating metastases if mortality could be decreased. 
Continuing to conduct experiments with the high mortality rates 
would have required excessive numbers of animals, so we under-
took a series of experiments to refine this bone metastasis model.

Approximately 15% of human patients with cancer suffer from 
thromboembolic disease. Treatment with UFH, LMWH, and war-
farin has been used in cancer patients to prevent thrombosis. We 
hypothesized that the neurologic clinical signs and death after 
intracardiac tumor challenge in mice might be due to a hyper-
coagulable state that could be prevented by pretreatment with a 
LMWH.

In the thromboembolism study, CBC and coagulation param-
eters as well as histopathology were evaluated in untreated and 
enoxaparin-pretreated mice that received intracardiac injections 
of H2126luc tumor cells. Mice that were treated with enoxaparin 

Table 1. Blood parameters in mice with and without enoxaparin pretreatment

Untreated Enoxaparin-pretreated

Red blood cells (x106/μL) 8.28 ± 0.22 7.85 ± 0.16
Hemoglobin (g/dL) 13.2 ± 0.4 12.3 ± 0.2
Hematocrit (%) 43.6 ± 1.2 41.3 ± 0.7

White blood cells (x103/μL) 2.12 ± 0.48a 4.34 ± 0.34

Neutrophils (x103/μL) 0.18 ± 0.13a 1.25 ± 0.09

Lymphocytes (x103/μL) 1.54 ± 0.31a 2.56 ± 0.22

Eosinophils (x103/μL) 0.03 ± 0.02a 0.18 ± 0.02

Platelets (x103/μL) 30 ± 61b 1001 ± 43
Mean platelet volume (fL) 10.6 ± 0.6b 6.4 ± 0.5
Mean platelet concentration (g/dL) 17.7 ± 1.2b 22.7 ± 0.2

Data are given as mean ± SEM (no pretreatment, n = 5; enoxaparin pretreatment, n = 10)
aValues differ significantly at P ≤ 0.02.
bValues differ significantly at P ≤ 0.0001.
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fully injected mice) of mice without enoxaparin pretreatment. 
The same enoxaparin dose of 10 mg/kg given subcutaneously 
prior to intracardiac tumor challenge did not prevent mortality 
(data not shown). Enoxaparin injection did not produce clinically 
observable adverse effects and all mice survived to the end of 
the study (day 29). In addition, pretreatment with enoxaparin 
had no significant effect on the tumor burden as similar levels 
of bioluminescence occurred in enoxaparin pretreated and un-
treated animals. Therefore, 10 mg/kg enoxaparin administered 
intravenously 10 min prior to intracardiac tumor cell challenge 
decreased the mortality associated with the H1975luc cells with-
out significantly altering tumor burden.

Our findings with the H1975luc cells were extended to another 
nonsmall cell lung carcinoma line, H2126luc. An untreated group 
was not included in this experiment because of the 100% mortal-
ity in the H2126luc group that did not receive enoxaparin in the 
thromboembolism study. Of 12 mice injected, 10 survived the in-

Taken together, these results demonstrate that intracardiac in-
jection of H2126luc cells induces a hypercoagulable state resulting 
in a consumption of platelets with extensive pulmonary throm-
boemboli formation and death. Pretreatment with enoxaparin 
prevents induction of this hypercoagulable state as demonstrated 
by normal platelet numbers and a lack of thromboemboli forma-
tion.

We evaluated mortality and tumor burden after intracardiac 
injection of H1975luc and H2126luc to determine whether pre-
treatment with enoxaparin increased survival or affected tumor 
burden. In our previous work, injection of 1 ×106 cells of either of 
the nonsmall cell lung carcinoma lines H1975luc and H2126luc 
resulted in consistent and adequate tumor burden, as assessed 
by bioluminescence, but unacceptably high mortality. When mice 
were given 10 mg/kg enoxaparin intravenously prior to 1 × 106 
H1975luc tumor challenge, 100% (8 of 8 successfully injected 
mice) survived, compared with 50% survival (5 of 10 success-

Figure 3. Mouse lung. (A, B) No enoxaparin pretreatment. Numerous thrombi (arrows) are seen within the pulmonary vasculature. (C, D) With enoxa-
parin pretreatment. Thrombi are not present within the pulmonary vasculature. Hematoxylin and eosin stain (A, C); phosphotungstic acid hematoxylin 
stain (B, D); magnification, ×10.
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or to changes to the cells induced by processing prior to injec-
tion (for example, trypsinization), but these effects have not been 
examined.

These experiments showed pretreatment with enoxaparin re-
sults in favorable survival rates in mice injected with H1975luc 
(8 of 8 mice) and H2126luc (10 of 12 mice). The pattern of biolu-
minescence and development of osteolytic lesions after intracar-
diac challenge of either H1975 or H2126 was consistent with the 
development of tumor burden in bone. All enoxaparin-pretreated 
mice developed the desired metastatic lesions with a pattern of 
bioluminescent signal in the distal metaphysis of the femur and 
or proximal metaphysis of the tibia as well as the jaw, similar to 
the patterns seen in mice that have not received enoxaparin.

The present studies show that intracardiac tumor challenge 
in nude mice with a human nonsmall cell lung carcinoma cells 

tracardiac tumor challenge and were euthanized by day 22 due to 
20% body weight loss, severe osteolysis or pathologic fracture. All 
10 mice showed acceptable levels of tumor burden and osteolytic 
lesions in the hindlimbs, as assessed by BLI and radiography. 
All 9 of the mice euthanized on day 22 had between 1 to 5 foci 
in each femur and tibia—consistent with what we typically find 
with successful cell lines in this model. Therefore, pretreatment 
with enoxaparin before H2126luc intracardiac tumor challenge 
decreases the mortality previously seen with this cell line while 
still generating acceptable levels of bone metastases.

Given the results from the current and our previous studies, 
H2126luc cells may have a greater potential to induce strokes or 
mortality in the intracardiac model of bone metastasis than do 
H1975luc cells. The higher (100%) mortality with H2126luc cells 
could be due to procoagulant factors that are cell-line–specific 

Figure 4. H1975 nonsmall cell lung cancer metastases to bone in vivo. (A) Bioluminescent images were captured twice weekly beginning on day 3 
after tumor challenge. Data for hindlimb regions are combined values from dorsal and ventral images and plotted as the mean ± SEM for each group 
(untreated, n = 5; enoxaparin-pretreated, n = 8). Weight loss over the course of the study is plotted as percentage change in body weight relative to 
day 3 weight. Bioluminescence and weight loss did not differ between groups. (B) No enoxaparin pretreatment (left); enoxaparin pretreatment (right). 
Top images show mouse photo overlaid with heat map of tumor bioluminescence signal. Color gradation scale ranges from purple (low signal; low 
tumor burden) to red (high signal; high tumor burden). Units are 106 photons/second/cm2/steradian. The pattern of bioluminescence is similar in 
animals independent of enoxaparin pretreatment (day 29) and is consistent with tumor growth in the hindlimbs and mandibular bones. Radiographs 
confirmed the presence of tumor-induced osteolysis (red arrows) that corresponded with BLI signal. Tartrate-resistant acidic phosphatase staining of 
the hindlimbs revealed the presence osteoclasts at the tumor–bone interface (red). B, bone; M, bone marrow; T, tumor.
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