
Endocrine vasculatures are preferable targets of an
antitumor ineffective low dose of anti-VEGF therapy
Yin Zhanga,1, Yunlong Yanga,1, Kayoko Hosakaa, Guichun Huanga, Jingwu Zangb, Fang Chenc, Yun Zhangd,
Nilesh J. Samanie, and Yihai Caoa,e,f,g,2

aDepartment of Microbiology, Tumor and Cell Biology, Karolinska Institute, 171 77 Stockholm, Sweden; bBioSciKin Biopharma, Nanjing, Jiangsu 210042,
People’s Republic of China; cThe First Affiliated Hospital of Zhejiang Chinese Medicine University, Hangzhou, Zhejiang 310006, People’s Republic of China;
dThe Key Laboratory of Cardiovascular Remodeling and Function Research, Chinese Ministry of Education and Chinese Ministry of Health, Shandong
University Qilu Hospital, Jinan, Shandong 250012, People’s Republic of China; eDepartment of Cardiovascular Sciences, University of Leicester and National
Institute of Health Research Leicester Cardiovascular Biomedical Research Unit, Glenfield Hospital, Leicester LE3 9QP, United Kingdom; fDepartment of
Medicine, The Second Hospital of Wuxi, Wuxi, Jiangsu 214002, People’s Republic of China; and gDepartment of Medicine and Health Sciences, Linköping
University, 581 83 Linköping, Sweden

Edited by Robert Langer, Massachusetts Institute of Technology, Cambridge, MA, and approved March 3, 2016 (received for review January 29, 2016)

Anti-VEGF–based antiangiogenic drugs are designed to block tu-
mor angiogenesis for treatment of cancer patients. However, anti-
VEGF drugs produce off-tumor target effects on multiple tissues
and organs and cause broad adverse effects. Here, we show that
vasculatures in endocrine organs were more sensitive to anti-VEGF
treatment than tumor vasculatures. In thyroid, adrenal glands, and
pancreatic islets, systemic treatment with low doses of an anti-
VEGF neutralizing antibody caused marked vascular regression,
whereas tumor vessels remained unaffected. Additionally, a low
dose of VEGF blockade significantly inhibited the formation of thy-
roid vascular fenestrae, leaving tumor vascular structures unchanged.
Along with vascular structural changes, the low dose of VEGF block-
ade inhibited vascular perfusion and permeability in thyroid, but not
in tumors. Prolonged treatment with the low-dose VEGF blockade
caused hypertension and significantly decreased circulating levels of
thyroid hormone free-T3 and -T4, leading to functional impairment
of thyroid. These findings show that the fenestrated microvascula-
tures in endocrine organs are more sensitive than tumor vasculatures
in response to systemic anti-VEGF drugs. Thus, our data support the
notion that clinically nonbeneficial treatments with anti-VEGF drugs
could potentially cause adverse effects.
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Antiangiogenic therapy is a commonly used therapeutic ap-
proach for treatment of various human cancers (1–8). Since

the US Food and Drug Administration approval of the first anti-
VEGF–based antiangiogenic drug, bevacizumab, for treatment
of metastatic colorectal cancer (CRC) in human patients in 2004
(3), more than 10 years of clinical experiences with this agent and
other antiangiogenic drugs have raised many clinically unfulfilled
issues, including modest beneficial effects, lack of reliable bio-
markers for patient selection, development of drug resistance,
adverse effects, long-term therapy, and mechanistic rationale of
combination therapy (1).
Systemic antiangiogenic treatment of cancer patients would

indistinguishably cause drug exposure to tumor and healthy vas-
culatures. Although the anti-VEGF–based antiangiogenic drugs
are designed to target the tumor vasculature, systemic delivery of
these drugs produce broad impacts on healthy vasculatures. For
example, treatment of mice with anti-VEGF drugs causes marked
vascular regression in endocrine organs and other tissues (9, 10).
Given the pivotal functions of VEGF in vascular homeostasis,
it would probably not be surprising for disruption of VEGF-
mediated physiological functions to cause broad disruptive
effects in multiple tissues and organs (11). VEGF is a multi-
functional growth factor that displays angiogenic activity, vascular
remodeling, vascular permeability, vascular homeostasis, and other
nonvascular functions (12). Under physiological conditions, persis-
tent high expression levels of VEGF are essential for maintenance
of endothelium fenestrations, which are crucial for maintenance of
endocrine functions (13–19). Similarly, VEGF is also a requisite for

maintenance of the sinusoidal vascular architecture in liver, bone
marrow, and spleen (9, 10, 20–22).
VEGF binds to VEGFR1 and VEGFR2 to exert its biological

functions (23). Although VEGFR1-mediated functions are still
unclear, VEGFR2 transduces functional signals of angiogenesis,
vascular permeability, and vascular homeostasis (24). In most
experimental settings, inhibition of VEGFR2 would be sufficient to
block the VEGF-triggered vascular and other nonvascular func-
tions. Targeting the VEGF–VEGFR2 signaling axis has offered an
excellent opportunity for development of antiangiogenic drugs for
cancer therapy. In fact, commonly used antiangiogenic drugs for
cancer therapy in human patients, including bevacizumab, ramu-
cirumab, and numerous tyrosine kinase inhibitors are designed for
targeting the VEGF–VEGFR2 signaling system (11). Clinical ex-
perience with these anti-VEGF–based antiangiogenic drugs shows
that they often produce adverse effects related to the off-drug
targets (25). Hypertension, protein urea, hypothyroidism, and
gastrointestinal bleeding are common, and infrequent serious side
effects, including gastrointestinal perforation and arterial throm-
botic events, can also occur (25, 26). Systemic anti-VEGF therapy-
induced adverse effects suggest that these drugs could potentially
cause adverse effects in those cancer patients who do not benefit
from treatment. In addition, the issue of drug sensitivity on tumor
vasculatures versus healthy vasculatures remains poorly studied.

Significance

Defining targets and functional impacts of systemic treatment
with antiangiogenic drugs on tumors and healthy tissues are
crucial for understanding their therapeutic efficacy, drug re-
sistance, adverse effects, and timeline of therapy. In the pre-
sent study, we used both mouse and human tumor models to
recapitulate clinical situations in which antiangiogenic drugs
were systemically delivered to mice. Antiangiogenic drugs at
low dosages produced broad effects on vessel regression in
several endocrine organs. Prolonged treatment with the non-
antitumor low dose of antiangiogenic drugs causes endocrine
dysfunction in thyroid and adrenal gland. In fact, clinically
manifested adverse effects, including hypertension, hypothy-
roidism, and glucocorticoid dysfunction, have been reproduced
in our preclinical models by a low dose of an anti-VEGF drug.

Author contributions: Y.C. designed research; Yin Zhang, Y.Y., K.H., and G.H. performed
research; J.Z., F.C., Yun Zhang, and N.J.S. contributed new reagents/analytic tools; Yin
Zhang, Y.Y., and Y.C. analyzed data; Yin Zhang and Y.C. wrote the paper; and F.C. helped
design the experiment.

The authors declare no conflict of interest.

This article is a PNAS Direct Submission.
1Yin Zhang and Y.Y. contributed equally to this work.
2To whom correspondence should be addressed. Email: yihai.cao@ki.se.

This article contains supporting information online at www.pnas.org/lookup/suppl/doi:10.
1073/pnas.1601649113/-/DCSupplemental.

4158–4163 | PNAS | April 12, 2016 | vol. 113 | no. 15 www.pnas.org/cgi/doi/10.1073/pnas.1601649113

http://crossmark.crossref.org/dialog/?doi=10.1073/pnas.1601649113&domain=pdf
mailto:yihai.cao@ki.se
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1601649113/-/DCSupplemental
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1601649113/-/DCSupplemental
www.pnas.org/cgi/doi/10.1073/pnas.1601649113


In the present work, we show in different tumor models that
low doses of an anti-VEGF antibody significantly alter numbers
and structures of microvasculatures in endocrine organs without
affecting tumor vasculatures. Prolonged therapy with the low-
dose anti-VEGF drug causes hypertension and endocrine dys-
function. Our findings demonstrate that vasculatures in endocrine
organs are more perceptive than those in tumors in response to
antiangiogenic treatment.

Results
Dose-Dependent Inhibition of Tumor Angiogenesis by VEGF Blockade.
To study the impact of anti-VEGF drug therapy on tumor and
healthy vasculatures, we used a rabbit anti-mouse VEGF neu-
tralizing antibody (VEGF blockade) that has been shown to ef-
fectively inhibit tumor angiogenesis (10, 21, 27, 28). In two
different mouse tumor models, including T241 fibrosarcoma and

Lewis lung carcinoma (LLC), titration of different dosages of
VEGF blockade showed dose-dependent inhibition of tumor
growth. At 2.5 mg/kg and 5.0 mg/kg, VEGF blockade signifi-
cantly inhibited tumor growth after 2-wk treatment (twice each
week) (Fig. 1 A and C). However, low doses of 0.5 mg/kg and
1.5 mg/kg of VEGF blockade using the same treatment regimen
did not significantly exhibit tumor growth relative to controls
(Fig. 1 A and C). A similar pattern of the dose-dependent in-
hibition of tumor growth was also observed in a human HT29
CRC model (Fig. 1E).
Consistent with inhibition of tumor growth, VEGF blockade at

dosages of 0.5 mg and 1.5 mg/kg did not suppress tumor angio-
genesis, whereas 2.5 mg/kg and 5.0 mg/kg significantly inhibited tu-
mor neovascularization in all three tumor models (Fig. 1 B, D, and
F). Additionally, VEGF blockade also induced a normalized vas-
cular phenotype by pruning excessive sprouts of vascular networks

Fig. 1. Dose-dependent effects of VEGF blockade on tumor growth and angiogenesis. (A, C, and E) Dose-dependent effects of VEGF blockade on T241 (A),
LLC (C), and HT29 (E) tumor growth after a 2-wk systemic treatment schedule. Doses of 2.5 mg/kg and 5.0 mg/kg produced significantly inhibited tumor
growth in all three tumor models. VEGF blockade at doses of 0.5 mg/kg and 1.5 mg/kg did not significantly inhibited tumor growth. (B, D, and F) CD31+

microvessel density in VEGF blockade- or nonimmune IgG-treated T241 (B), LLC (D), and HT29 (F) tumors and quantified from eight random fields per group. Six to
eight mice per group were used. NS, not significant; *P < 0.05; **P < 0.01. (Scale bars, 50 μm.) Quantitative data are presented as mean determinants ± SEM.
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(Fig. 1 B, D, and F). These data demonstrate that VEGF blockade
inhibited tumor angiogenesis in a dose-dependent manner.

A Nonantitumor Dosage of VEGF Blockade Regresses Thyroid
Vasculatures. Knowing the effective dosages of VEGF blockade
on tumor angiogenesis, we studied the impact of these doses on
healthy vasculatures in adult animals. We previously showed that
thyroid is one of the sensitive endocrine organs that manifest
marked vascular regression in response to systemic anti-VEGF
therapy (10). Interestingly, in T241 fibrosarcoma, LLC lung
cancer, and human HT29 CRC models, systemic delivery of
1.5 mg/kg of VEGF blockade using the same regimen produced
significantly repressive effects on thyroid vascular density (Fig. 2).
Approximately, 20–30% of thyroid vasculatures became regressed
after 2-wk treatment. However, this same dose of VEGF blockade
did not inhibit tumor angiogenesis (Fig. 1). In the LLC lung cancer
model, 0.5 mg/kg of VEGF blockade also caused significant re-
gression of thyroid microvasculatures (Fig. 2B). This slight varia-
tion of sensitivity in different tumor models might reflect the
differences of VEGF levels in tumors, which neutralize different
amounts of antibodies. Expectedly, high doses of VEGF blockade
at 2.5 mg/kg and 5.0 mg/kg produced profound effects of vascular
regression in thyroid of tumor-bearing mice (Fig. 2). At the dose
of 5.0 mg/kg, VEGF blockade produced more than 60% re-
gression of thyroid vasculatures in all three tumor models. Apart
from thyroid vascular regression, VEGF blockade did not affect
the architecture of thyroid tissues at all dosages (Fig. 2). These
data provide evidence that thyroid vasculatures are more sensitive
than tumor microvasculatures in response to anti-VEGF therapy.

Low-Dose VEGF Blockade Regresses Adrenal and Pancreatic Islet
Vasculatures. We extended our findings in adult thyroid to other
endocrine organs, including adrenal glands and pancreatic islets.
Similar to thyroid, VEGF blockade at a low dose of 1.5 mg/kg

produced significantly regressive effects on adrenal microvascu-
latures in tumor-bearing mice (Fig. S1). It appeared that adrenal
micorvasculatures were more prone to anti-VEGF treatment. At a
very low-dose of 0.5 mg/kg, a significant decrease of adult adrenal
microvessels was seen in T241 and LLC tumor-bearing mice (Fig.
S1 A and B). However, this low-dose of VEGF blockade did not
significantly regress adrenal microvasculatures in HT29 CRC
tumor-bearing mice (Fig. S1C).
Dose-dependent vascular regression in adrenal glands was pre-

sent in all three tumor models and 2.5 mg/kg reached the maxi-
mally regressive effect. Despite significant vascular regression, the
adrenal tissue architecture was not affected by anti-VEGF treat-
ment (Fig. S1).
Similar to adrenal vasculatures, vessel density in pancreatic

β-islets was also significantly decreased in response to anti-VEGF
systemic treatment (Fig. S2). Again, VEGF blockade at 1.5 mg/kg
significantly reduced microvessel numbers in tumor-bearing mice
(Fig. S2). VEGF blockade induced dose-dependent responses of
vascular regression in pancreatic β-islets. No obvious tissue ar-
chitecture changes were present in all treated groups. Taken together,
these results provide further evidence that vasculatures in endocrine
organs are more sensitive to anti-VEGF treatment.

A Nonantitumor Dosage of VEGF Blockade Alters Vascular Functions
in Thyroid. Giving the significant impact of a nonantitumor low-
dose of VEGF blockade on endocrine vasculatures, we further
investigated the functional consequences of VEGF blockade-
treated and nontreated tumor-bearing animals. Because T241
fibrosarcoma-, LLC lung cancer-, and HT29 tumor-bearing mice
showed similar vascular effects in endocrine organs, we chose the
T241 tumor model as an example. It is known that thyroid vas-
culatures are constituted with fenestrated endothelium (9, 10).
Indeed, transmission electron microscopic analysis revealed highly
fenestrated endothelium in thyroid (Fig. 3A). Systemic anti-VEGF
treatment of tumor-bearing mice significantly inhibited vascular
fenestrations in a dose-dependent manner (Fig. 3A). At the dose
of 1.5 mg/kg, significant inhibition of thyroid vascular fenestra-
tions was observed (Fig. 3A). Unlike thyroid vasculatures, tumor
microvessels lacked obvious fenestrations in the T241 fibrosar-
coma model (Fig. 3A).
The key function of fenestrated endothelium in endocrine

organs is to mediate exchanges of large protein molecules in the
endocrine local microenvironment (11). In control nonimmune
IgG-treated tumor-bearing mice, thyroid vasculatures exhibited
hyperpermeability by extravasating 70-kDa dextran molecules
(Fig. 3B). In 1.5 mg/kg of VEGF blockade-treated thyroid, vas-
cular permeability was significantly inhibited (Fig. 3B). However,
this dose did not show significant inhibition of vascular leakage
in tumors (Fig. 3B). High doses of VEGF blockade inhibited
vascular permeability of both tumor and thyroid vessels (Fig. 3B).
In addition to vascular permeability, 1.5 mg/kg of blockade also
significantly inhibited blood vessel perfusion in thyroid gland, but
not in tumors (Fig. 3C). Consistent with inhibition of vascular
perfusion, this low dose of VEGF blockade also significantly in-
creased thyroid, but not tumor, tissue hypoxia (Fig. 3D). These
findings show that treatment with a low-dose VEGF blockade results
in functional alterations of thyroid—but not tumor—vasculatures.

Prolonged Treatment with a Low Dose of VEGF Blockade Causes
Endocrine Functional Changes. To link vascular changes to endo-
crine functions, we extended the treatment schedule of 1.5 mg/kg
VEGF blockade for 4 wk in tumor-bearing mice and measured
the plasma levels of endocrine hormones. Because of the ethical
limit of tumor size, further extension of the treatment timeline
was impossible. During the 4-wk treatment period, mouse
EO771 breast cancer growth was not significantly affected rela-
tive to controls (Fig. 4A). In concordance with other tumor
models, microvessel density in thyroid gland, adrenal gland, and
pancreatic islets were all significantly decreased in response to
this low-dose anti-VEGF therapy (Fig. 4B). Interestingly, the
circulating level of free-T4, but not free-T3, thyroid hormone

Fig. 2. Impact of VEGF blockade on thyroid vasculatures in tumor-bearing
mice. T241 (A), LLC (B), and HT29 (C) tumor-bearing mice were systemically
treated with nonimmune IgG and various dosages of VEGF blockades and
stained with CD31 and H&E. CD31+ microvessels were quantified from eight
random fields per group. Six to eight mice per group were used. NS, not
significant; **P < 0.01; ***P < 0.001. (Scale bars, 50 μm.) Quantitative data
are presented as mean determinants ± SEM.

4160 | www.pnas.org/cgi/doi/10.1073/pnas.1601649113 Zhang et al.

http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1601649113/-/DCSupplemental/pnas.201601649SI.pdf?targetid=nameddest=SF1
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1601649113/-/DCSupplemental/pnas.201601649SI.pdf?targetid=nameddest=SF1
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1601649113/-/DCSupplemental/pnas.201601649SI.pdf?targetid=nameddest=SF1
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1601649113/-/DCSupplemental/pnas.201601649SI.pdf?targetid=nameddest=SF1
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1601649113/-/DCSupplemental/pnas.201601649SI.pdf?targetid=nameddest=SF1
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1601649113/-/DCSupplemental/pnas.201601649SI.pdf?targetid=nameddest=SF2
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1601649113/-/DCSupplemental/pnas.201601649SI.pdf?targetid=nameddest=SF2
www.pnas.org/cgi/doi/10.1073/pnas.1601649113


was significantly reduced (Fig. 4C). Other hormones including
cortisol and insulin remained unchanged in response to the low
dose of anti-VEGF therapy (Fig. 4D).
To further prolong the treatment timeline, we treated tumor-

free mice with 1.5 mg/kg VEGF blockade for 12 wk. This treatment
regimen produced a marked effect on vascular regression in the
thyroid gland (Fig. 5A). Thus, prolonged treatment with a low-dose
VEGF blockade produced a greater impact on regression of
thyroid microvasculatures. Similar enhanced vascular regression
effects were also seen in adrenal glands and pancreatic β-islets
(Fig. 5A). Prolonged, but not short-term anti-VEGF therapy also
caused hypertension in mice (Fig. 5B). Importantly, prolonged
treatment with the low-dose of VEGF blockade marked reduced
circulating levels of free-T3 and free-T4 thyroid hormone, leading
to development hypothyroidism (Fig. 5C). In contrast, measure-
ments of glucocorticoids, including cortisol and aldosterone, dem-
onstrated marked increased levels of cortisol and aldosterone in the
anti-VEGF–treated group compared with the control nonimmune
IgG-treated group (Fig. 5D). Conversely, plasma insulin levels
remained unchanged (Fig. 5E), consistent with our previous find-
ings (29). These data provide compelling evidence that prolonged
treatments with a low nonantitumor dose of an anti-VEGF drug
produced profound functional impairments in endocrine organs.

Discussion
Clinical practice with antiangiogenic drugs for cancer treatment
often raises the concern of specific targets by antiangiogenic
agents. Although there is a lack of supportive evidence, it has
been speculated that angiogenic vessels in growing tumors are
more sensitive to antiangiogenic drugs than those quiescent vas-
culatures in healthy tissues and organs. This is probably true for
certain angiogenesis inhibitors, such as angiostatin and endostatin
that specifically target proliferating endothelial cells (30, 31).
However, these generic angiogenesis inhibitors are not commonly
used for treatment of human patients and molecular mechanisms
underlying their antiangiogenic function are poorly understood,
despite their early discoveries. Given the broad physiological
functions of VEGF, anti-VEGF–based antiangiogenic drugs
would, in theory, indiscriminately target multiple healthy vascu-
latures in different tissues and organs. In particular, VEGF has
been described as a potent survival factor for maintenance of
vascular networks in different tissues (32). Interference of these
physiological functions with systemic delivery of anti-VEGF drugs
would inevitably affect vascular and organ functions.
The key question is which vasculatures in tumor and healthy

tissues are more sensitive to systemic treatment with anti-VEGF

Fig. 3. VEGF blockade-induced alterations of vascular fenestrations, permeability, perfusion, and hypoxia in thyroid glands of T241 tumor-bearingmice. (A) Inhibition
of thyroid, but not tumor, endothelium fenestrations by all doses of VEGF blockades. Nonimmune IgG was used as a control. Fenestrae numbers were quantified as
per micrometer from 8 to 10 vessels per group. Arrows point to endothelium fenestrae. (Scale bar, 250 nm.) (B) Leakage of fluorescein-labeled 70-kDa dextran (green)
in tumors and thyroid gland. Thyroid vasculatures were stained with CD31 (red). Arrowheads point to extravasated fluorescein-dextran molecules. (Scale bar, 50 μm.)
Data were quantified from eight random fields per group (n = 6–8 mice per group). (C) Perfusion of fluorescein-labeled 2,000-kDa dextran (green) in tumors and
thyroid gland. Thyroid vasculatures were stained with CD31 (red). (Scale bar, 50 μm.) Data were quantified from eight random fields per group (n = 6–8 mice per
group). (D) Tumor and thyroid tissue hypoxia was measured by pimonidazole positive signals. (Scale bar, 50 μm.) Data were quantified from eight random fields per
group (n = 6–8 mice per group). NS, not significant; *P < 0.05; **P < 0.01; ***P < 0.001. Quantitative data are presented as mean determinants ± SEM.
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drugs. Despite anti-VEGF drugs being used in human cancer
patients for more than 10 y (1), this crucial question remains
unknown. This is particularly important for those patients who
do not benefit from anti-VEGF therapy. Would the non-
beneficial patient population develop adverse effects? In various
mouse tumor models, we provide comprehensive evidence that
endocrine vasculatures—including thyroid, adrenal gland, and
pancreatic islets—are more sensitive to anti-VEGF therapy. At a
low nonantitumor dose, systemic treatment with VEGF blockade
significantly causes regression of healthy vasculatures in these
endocrine organs. Why are the structural molecular bases for
endocrine microvasculatures being more sensitive to anti-VEGF
treatment? The endocrine microvasculature contains highly fen-
estrated endothelium for mediating hormone transport to the tar-
geted organs. VEGF is a crucial factor for maintaining vascular
fenestrations in endocrine organs and inhibition of VEGF function
completely blocked vascular fenestrations in endocrine organs
(10). VEGF appears to have two critical functions in modulation
of endocrine vasculatures: (i) vascular homeostasis and survival,
and (ii) maintenance of vascular fenestrations and architectures.
Compelling evidence shows that vascular survival and fenestration
maintenance are completely dependent on VEGF (12, 13, 17).
Unlike endocrine organs, tumors use multiple angiogenic factors
to stimulate neovascularization and inhibition of the VEGF–
VEGFR signaling may not always produce profound antiangiogenic
effects. In this regard, tumors originating from endocrine organs

and neuroendocrine tumors are probably more susceptible to
antiangiogenic therapy (33, 34).
A substantial number of cancers are intrinsically resistant to

anti-VEGF therapy and intrinsic resistance is frequently seen in
cancer patients (35). Antiangiogenic treatment of these patients
would not only be nonbeneficial, but could also potentially
produce adverse effects, because off-tumor vasculatures in en-
docrine organs are preferable targets. Particularly, we show that
prolonged low-dose treatment causes functional impairments of
endocrine organs and hypertension, which are also often manifested
in human cancer patients (25). Hypothyroidism is another com-
monly seen adverse effect in human cancer patients in response to
antiangiogenic therapy (36). Thus, our preclinical findings provide
further mechanistic insights into development of clinical adverse

Fig. 5. Prolonged anti-VEGF therapy causes functional changes in endocrine
organs in a tumor-free mouse model. (A) Microvascular changes in thyroid
glands, adrenal glands, and pancreatic β-islets in tumor-free mice after treat-
ment with VEGF blockade for 12-wk at 1.5 mg/kg compared with nonimmune
IgG (n = 6–8 mice per group). (Scale bar, 50 μm.) Data were quantified from
eight random fields per group (n = 6–8mice per group). (B) Systolic and diastolic
blood pressure changes after 12-wk 1.5 mg/kg VEGF blockade treatment (n = 6–
8 mice per group). However, 1.5 mg/kg VEGF blockade has no impact on blood
pressures after 2-wk short-term treatment (n = 6–8 mice per group). (C) Mea-
surements of plasma free-T3 and -T4 thyroid hormones after 12-wk anti-VEGF
treatment (n = 6–8 mice per group). (D) Measurements of plasma glucocorticoid
hormones after 12-wk anti-VEGF treatment (n = 6–8 mice per group).
(E) Measurements of plasma insulin levels after 12-wk anti-VEGF treatment
(n = 6–8 mice per group). NS, not significant; *P < 0.05; **P < 0.01; ***P <
0.001. Quantitative data are presented as mean determinants ± SEM.

Fig. 4. Prolonged anti-VEGF treatment at 1.5 mg/kg reduces thyroid free T4
hormone. (A) Anti-VEGF 4-wk treatment at 1.5 mg/kg did not inhibit EO771 tu-
mor growth compared with nonimmune IgG (n = 6–8 mice per group). (B) Mi-
crovascular changes in tumors, thyroid glands, adrenal glands, and pancreatic
β-islets. (Scale bar, 50 μm.) Data were quantified from eight random fields per
group (n = 6–8 mice/group). (C and D) Measurement of thyroid free-T3 and T4
hormones, cortisol, and insulin in plasma of nonimmune IgG- and anti-VEGF–
treatedmice (n= 6–8 samples per group). NS, not significant; *P < 0.05; **P < 0.01;
***P < 0.001. Quantitative data are presented as mean determinants ± SEM.
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effects in patients receiving antiangiogenic therapy. In light of this
view, defining reliable biomarkers would not only improve benefi-
cial outcomes but also avoid development of unnecessary adverse
effects in nonresponders. From the patient point of view, one would
not like to buy an expensive, but ineffective drug for development of
side effects. These important issues warrant further clinical valida-
tion in cancer patients.

Materials and Methods
Cell Line.Monolayers of T241, LLC, HT29, and EO771 tumor cells were cultured
in DMEM supplemented with 10% (vol/vol) heat-inactivated FBS (HyClone;
Cat. No. SH30160.03), 100 U/mL penicillin, and 100 μg/mL streptomycin
(HyClone; Cat. No. SV30010).

Animals. All animal studies were approved by the North Stockholm Animal
Ethical Committee. C57BL/6 mice were provided by the breeding unit of the
animal facility of the Department of Microbiology, Tumor and Cell Biology,
Karolinska Institute, Sweden. Immunodeficient CB17/Icr-Prkdcscid/IcrCrl mice
were purchased from Charles River Laboratories. Mice at age 6–8 wk were
used for all tumor studies.

Mouse Tumor Model and Anti-VEGF Treatment. Approximately 1 × 106 mouse
T241, LLC, EO771, and 3 × 106 human HT29 tumor cells were suspended in
100 μL PBS, and subcutaneously injected into the middorsal region on the
back of each mouse. Tumors were measured every other day and the tumor
size was calculated by width2 × length × 0.52. A rabbit anti-mouse VEGF-
specific neutralizing antibody (BD0801) was kindly provided by the Simcere
Pharmaceutical Company (Nanjing, Jiangsu, China). A rabbit IgG isotype
(Cat. No. 10500C, Invitrogen) was used as a control vehicle. Both IgG and the
anti-VEGF antibody at different doses were injected intraperitoneally twice
a week into each mouse when tumor size reached 0.2 cm2 for a total of a 2-wk

duration for T241, LLC, and HT29 tumor models. For EO771 tumor and tumor-
free mouse models, anti-VEGF treatment at the dose of 1.5 mg/kg was ad-
ministered for 4 and 12 wk, respectively.

Blood Pressure Measurement.Mouse systolic and diastolic blood pressureswere
measured by a noninvasive CODA tail-cuff blood pressure system using the
volume pressure R\recording (VPR) technique (Cat.No. CODA HT2, Kent Sci-
entific). Briefly,micewereaccustomed to the testing tubebeforemeasurement.
Mice were warmed up on a 37 °C warming plate, and connected to the CODA
blood pressure system through the tail vein. Each mouse was measured for
25 cycles and an average value was presented as the final result for each
mouse (n = 6–8 mice per group).

Statistics. Randomizedmicrographs from six to eight different fields per group
were quantified. For each experiment, six to eight animals were recruited to
each group and were repeated twice. An Adobe Photoshop CS5 software
program was used with a color range tool and a count tool to detect positive
areas or numbers. Statistical analyses were performed using the standard two-
tailed Student t test, and values of P < 0.05, P < 0.01, and P < 0.001 were
deemed statistically significant. Data were presented as mean ± SEM.
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