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LETTER TO THE EDITOR

ANCER
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Evaluation of renal cancer progression in a mouse model

of heart failure

Dear Editor,

Heart failure (HF) is a globally prevalent health problem,
with high mortality and morbidity despite advanced
pharmacological and device-based treatment options.
Accumulating epidemiological data suggest that patients
with preexisting HF are more susceptible to develop
incident cancer when compared to subjects free of HF,
which might be explained by shared risk factors including
age, hypertension, obesity, diabetes, and smoking [1-3].

Recent preclinical work has shown that HF presented as
a pro-oncogenic condition. Meijers et al. [4] demonstrated
for the first time that HF induced by myocardial infarction
(MI) resulted in a robust increase of intestinal tumor load
in mice spontaneously developing multiple intestinal
neoplasia induced by adenomatous polyposis coli muta-
tions, associated with upregulation of secreted circulatory
proteins such as SerpinA3. Koelwyn et al. [5] reported that
MI-induced HF accelerated breast cancer growth in mice
by enhancing circulating Ly6C™ monocytes and their
recruitment to tumors, which restricted T cell infiltration
and antitumoral immune responses. Furthermore, Avra-
ham et al. [6] provided evidence that cardiac remodeling
induced by transverse aortic constriction (TAC) in mice
also enhanced breast and lung cancer growth, again
explained by increased expression of secreted factors from
the failing heart.

These experimental data are in line with clinical obser-
vations that HF is associated with increased incidences
of various cancer types [1]. Two studies using Danish
National Patient Registry (https://sundhedsdatastyrelsen.
dk/da/registre-og-services/om-de-nationale-sundheds
registre/sygedomme-laegemidler-og-behandlinger/lands
patientregisteret) reported that HF was associated with
increased risks of overall and multiple type-specific
cancers, including lung, breast, colon, and liver cancers,

Abbreviations: CO, cardiac output; FS, fractional shortening; HF,
heart failure; LVEF, left ventricular ejection fraction; MI, myocardial
infarction; Renca-luc, luciferase-expressing Renca cell line; TAC,
transverse aortic constriction; TL, tibia length

as well as renal cancer, which was significantly increased
by 65% after adjustment for age and sex [7, 8]. Despite this
overall clear association, it remains unknown whether it
is a generic phenomenon or specific to particular cancer
types. To evaluate the direct effects of HF on renal cancer
progression, we herein studied a mouse model of renal
cancer to determine whether HF would accelerate renal
cancer growth.

The full experimental protocol is illustrated in Figure 1A,
and the details of methods can be found in the Supple-
mentary materials and methods. In brief, 8-week-old male
BALB/c mice were subjected to MI surgery to provoke HF.
One and 5 weeks after surgery, echocardiography was per-
formed to assess the cardiac structure and function. A well-
established orthotopic renal cancer model was utilized. To
monitor tumor growth in vivo, we first generated a sta-
ble luciferase-expressing renal cancer cell line (Renca-luc).
Serial dilutions of cell suspension resulted in a strong cor-
relation between cell number and the measured biolumi-
nescent signals (R? = 0.928, P < 0.001; Figure 1B and 1C).
Two weeks after MI/sham surgery, 2 X 10° Renca-luc cells
were orthotopically implanted into the right kidney. The
tumor growth was monitored using an IVIS 100 Imaging
System, and the bioluminescent signals emitted by tumor
cells were continuously increasing over time (Figure 1D).

A total of 48 mice were allocated to MI or sham surgery.
Six mice died during surgical and echocardiography pro-
cedures. No death was observed during the implantation
of cancer cells. One sham mouse with abnormal cardiac
function was excluded from the analysis. Eight mice failed
to develop tumors (4 mice in each group). The final group
sizes were 21 in the MI group and 12 in the sham group.

Echocardiography measurements at 1 week after MI
surgery revealed a clear reduction in left ventricular ejec-
tion fraction (LVEF), fractional shortening (FS), and car-
diac output (CO): LVEF, 19.3 + 12.9% vs. 47.9 + 6.1%;
FS, 89 + 6.5% vs. 23.7 + 3.7%; CO, 5.4 + 2.8 vs. 10.5 +
1.8 mL/min in MI versus sham (all P < 0.001; Figure 1E,
Supplementary Figure SIA and SIB). Longitudinal anal-
yses of cardiac function demonstrated no changes in the
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FIGURE 1 Evaluation of the effects of heart failure on renal cancer progression. A. Experimental design of orthotopic Renca-luc

implantation model 2 weeks after MI or sham surgery. Echocardiography was acquired 1 and 5 weeks after surgery. Tumor growth was
monitored using an IVIS 100 Imaging System on days 1, 7, 14, and 20 respectively post-tumor implantation. On day 21, the mice were
euthanized. B. Luciferase activity of Renca-luc cells measured by IVIS 100 imaging system. C. Association of bioluminescent signal with

Renca-luc cell numbers determined by linear regression. D. Bioluminescent images demonstrating tumor growth in vivo. E. Left ventricular
ejection fraction determined by echocardiography 1 week after surgery. F. Representative heart sections stained with Masson trichome. G.
Quantification of cardiac fibrosis from Masson trichrome stained sections. H. Quantification of bioluminescence released by tumor at days 1,
7,14, and 20 after Renca-luc cell implantation. I. Tumor weight measured at 5 weeks after surgery. Data are presented as mean + standard
deviation. ™ P < 0.001. Abbreviations: MI, myocardial infarction; Echo, echocardiography; Renca-luc, luciferase-expressing Renca cell line

sham group, while 5 weeks after MI, mice showed slightly
increased CO, progressive LV dilatation with increased
diameters, but with sustained decreases in LVEF and
FS compared to the 1-week data (Supplementary Fig-
ure SIC-E). Myocardial fibrosis was determined by Mas-
son trichrome staining and was significantly increased in
the MI group compared to the sham group (15.0 + 8.0%
vs. 1.3 + 0.6%, P < 0.001; Figure 1F and 1G). Accordingly,
cardiac hypertrophy was observed in HF mice, as reflected
by enlarged atria and ventricles with 2.1-fold and 20%
mass increases, respectively (both P < 0.001; Supplemen-
tary Figure SIF and S1G). Congestion was not observed,

determined by no difference in lung, liver and left kidney
weights between the sham and MI groups (Supplementary
Figure S1H-J).

There was no significant difference in bioluminescent
signals between sham and HF mice at each time point
(Figures 1H). Consistently, MI mice had comparable renal
tumor weights as well as kidney volumes compared to
sham mice (Figure 11 and Supplementary Figure S1K),
which indicated HF had neutral effects on renal cancer
growth.

Patients with renal cell carcinoma may develop metas-
tases, with lung and liver being the predominant sites



LETTER TO THE EDITOR

[9, 10]. We therefore checked the presence of metastases
in our mice, but no metastatic nodules were observed on
the surface of the lung or liver during the euthanasia. This
was further confirmed by hematoxylin and eosin stain-
ing (Supplementary Figure SIL). There was no significant
luciferase expression detected in the liver and lung by
gPCR (all Cq > 34, data not shown).

Multiple studies have highlighted the potential impor-
tance of cardiovascular disease and HF for cancer develop-
ment, providing evidence for accelerated growth of colon,
breast, and lung cancers in mice, which was shown to be
mediated by circulating proteins or immune system alter-
ations and was consistent with increasing risks of cancer
incidence in HF patients [4-6]. In the current study, HF did
not accelerate renal cancer progression, which was demon-
strated by the comparable emitted bioluminescent signal,
tumor weight, kidney volume, and the absence of distant
metastases.

Our study, together with previous evidence, suggests
that the effects of HF on tumor growth are not generic,
and likely the underlying mechanisms might be specific for
HF subforms, cancer types, and/or experimental models.
In our previous study, we evaluated factors of the cardiac
secretome, in which some had mitogenic effects on colon
tumor cell lines [4]. In line, the identified elevated HF-
specific secreted proteins, including ceruloplasmin, Serpin
Aland A3, had no effects on the proliferation of Renca cells
in vitro (data not shown) [4]. Additionally, it is noteworthy
that although both MI and TAC accelerated breast cancer
growth, the altered immune reprogramming triggered by
MI with further anti-immune response of tumor cells was
not observed in TAC [5,6]. This underscores that the patho-
physiological mechanisms will likely vary according to HF
etiology.

It is also important to consider that mouse models are
substitutes for human cancer. Interestingly, Schwartz et al.
[8] reported that the incident rate of various cancer types,
including renal cancer, raised in HF patients compared
to control subjects from the general population, but these
risks were mainly driven by the presence of comorbidities
such as ischemic heart disease, diabetes, chronic obstruc-
tive pulmonary disease, and chronic kidney disease. Typi-
cally, in rodent animal studies, the animals are young and
free of co-morbid conditions. This fact may partly explain
that the association between HF and renal cancer observed
in clinical studies cannot be translated in an animal study,
on top of species differences. In consequence, effects of
comorbidities on triggering cross-disease communication
should be taken into consideration in future studies.

In summary, we demonstrate that MI-induced HF is
not associated with accelerated tumor growth in an ortho-
topic renal cancer model. The effects of HF on cancer
growth might be specific for cancer types and/or exper-
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imental models, and we caution against generalizations
with regards to the described interaction between HF and
tumor growth.
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