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Abstract 

Circulating VEGFR2+pAkt+ cells as a functional pharmacodynamic marker in 

metastatic colorectal cancer treated with antiangiogenic agent. 

Sang Joon Shin 

 

Department of Medicine  

The Graduate School, Yonsei University  

 

(Directed by Professor Hyun Cheol Chung) 

 

Angiogenesis is essential for cancer growth and metastasis. VEGF is a key 

modulator of angiogenesis and its overexpression is correlated with advanced 

disease and poor prognosis. Bevacizumab, a recombinant humanized anti-VEGF 

monoclonal antibody, is the most clinically advanced anti-angiogenic agent. 

Bevacizumab has received most attention for first-line treatment of advanced 

colorectal and non-small cell lung cancer and rapid growing evidence for its 

efficacy in treatment of a number of other solid tumors. However, we are not yet 

able to sufficiently monitor the activity of this drug. Therefore, effective 

pharmacodynamic (PD) marker studies to identify those patients responding to 

bevacizumab or to validate the supposed biological effect, and define the optimum 

biological dose and schedule are needed.  

Using an in vitro MTT model, we demonstrated inhibition of human umbilical 

endothelial cells (HUVECs) proliferation that was associated with reduced VEGF 

signaling when HUVECs were treated with bevacizumab compared to cells that 

were treated with PBS. HUVEC showed low levels of pAkt and pERK in serum-

free conditions when examined by Western blotting. However, the addition of 

VEGF to the medium for 15 min resulted in the phosphorylation of VEGFR-2, Akt 
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and ERK. Bevacizumab was able to inhibit the VEGF-induced autophosphorylation 

of VEGFR-2, Akt and ERK at 100 ng/ml. Treatment of bevacizumab to DLD-1 

tumor-bearing mice showed inhibition of tumor growth compared to tumor treated 

with PBS. Analysis of VEGFR2 signaling in HUVECs using phospho 

flowcytometry assay demonstrated that Akt and ERK phosphorylation were induced 

with treatment of VEGF, while level of VEGFR2 decreased similar to the pattern of 

Western blot. Adding bevacizumab before stimulation prevented induction of the 

pAkt and pERK. This techniques and assays showed novel possibilities of PD 

marker for antiangiogenic agents  

The number of circulating VEGFR2+pAkt+ and VEGFR2+pERK+ cells in the 

peripheral mononuclear cells in 7 healthy volunteers and 24 patients with mCRC 

were determined by phospho-flow cytometry. Median percentage of 

VEGFR2+pAkt+ and VEGFR2+pERK+ cells in cancer patients were 23.44% and 

0.35%, increased by 3-fold in both cells compared with healthy volunteer (P< 0.001 

and P<0.004 vs control). Bevacizumab treatment resulted in rapid decrease in 

VEGFR2+pAkt+ cells for 18 out of 24 patients on days 3. The amount of 

VEGFR2+pAkt+ cells were increased and normalized on days 15 compared to 

values on days 3. A total of 17 (70.8%) patients were diagnosed with  1 HTN 

(grade 1 (n=11), grade 2 (n=4), grade 3 (n=2)), whereas the rest of the patients 

stayed normotensive (grade 0 (n=7)) on days 3 during bevacizuamb treatment.  

Bevacizumab combined with chemotherapy decreased VEGFR2+pAkt+ cells due to 

impaired VEGFR2 signaling in circulating VEGFR2+ cells. Changes in number of 

VEGFR2+pAkt+ cells level appear to be a promising functional pharmacodynamic 

marker for drug activity, determination of dosage and administration schedule in the 

treatment of antiangiogenic agents. 

 

-----------------------------------------------------------------------------------------------------------

Key words: circulating VEGFR2+pAkt+ cells, circulating VEGFR2+pERK+ cells, 

bevacizumab, metastatic colorectal cancer, biomarker, phosphor-flow cytometry 
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Circulating VEGFR2+pAkt+ cells as a functional pharmacodynamic marker in 

metastatic colorectal cancer treated with antiangiogenic agent. 

Sang Joon Shin 

 

Department of Medicine  

The Graduate School, Yonsei University  

 

(Directed by Professor Hyun Cheol Chung) 

 

I. INTRODUCION 

Angiogenesis is essential for the delivery of oxygen and nutrients to expanding 

tumor masses, and as such is crucial for tumor growth and metastasis.1 The efficacy 

of antiangiogenic treatments designed to promote tumor regression and suppression 

of metastases has been demonstrated in animal models, and is continuously being 

improved.2-4  

A randomized, controlled Phase III clinical trial has shown that the addition of 

bevacizumab, a humanized monoclonal antibody against vascular endothelial 

growth factor (VEGF), to conventional chemotherapy improves survival and other 

outcomes in patients with metastatic colorectal cancer (mCRC) compared with 

chemotherapy alone.5,6  

The development of robust pharmacodynamic markers is critical for improving 

the success of drugs in early clinical trials and can provide important information 

for guiding the selection of optimal drug doses that balance efficacy and toxicity. 

Such markers are often proximal to the drug target in a molecular pathway and are 

used to measure the effect of a given drug, regardless of whether the monitored 

effects of the drug directly contribute a beneficial antitumor effect. Despite the 

numerous candidate angiogenesis biomarkers that have been tested in preclinical 

and clinical studies, there are no established methods in practice for monitoring 
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angiogenesis or predicting the response to antiangiogenic drugs.7  

Pretreatment blood levels of VEGF have been tested in many studies. In general, 

elevated VEGF levels are indicative of a poor prognosis, but are not predictive of 

the effects of antiangiogenic drugs, including bevacizumab.8,9  

Increased numbers of circulating endothelial cells and bone-marrow-derived 

endothelial cell progenitors are observed in the blood of patients with cancer.10,11 

Their increased number correlates with angiogenesis, and the levels of these cells 

return to a normal range after tumor removal or following complete remission after 

chemotherapy.12,13 However, the low frequency of these cells in peripheral blood, 

the sophisticated methodology required for their detection, and the difficulty in 

standardizing protocols may limit the widespread application of this approach in 

clinical practice. 

MVD at regions of intense angiogenesis (i.e., “hot spots”) has prognostic, but not 

predictive, value in many cancers.14 In patients with mCRC, the MVD of primary 

tumors does not predict the response to bevacizumab.9 Because tissue-based 

biomarkers provide direct information on events at a tumor site, they are highly 

valuable; however, they are impractical as pharmadocynamic biomarkers for routine 

clinical use and might be applicable only in selected studies.  

Dynamic contrast-enhanced magnetic resonance imaging (DCE-MRI), which tracks 

the pharmacokinetics of injected low molecular weight contrast agents as they pass 

through the tumor vasculature, is a noninvasive quantitative method for 

investigating microvascular structure and function. In this respect, MRI has 

practical advantages over computed tomography and positron emission tomography 

in evaluating angiogenesis. However, the main limitations of DCE-MRI include 

quantification and reproducibility.7,15  

Intracellular flow cytometry using phospho-site-specific antibodies (phospho-

flow cytometry) has recently evolved as a sophisticated, powerful tool, particularly 

for the assessment of heterogeneous cell populations. In contrast to Western blotting, 

which allows the detection of phosphorylated proteins in denatured cell lysates, in 
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phospho-flow cytometry, phosphorylated analytes are assessed in fixed and 

permeabilized cells. Phospho-specific flow cytometry measurements offer two 

primary advantages: the multiparameter nature of the data and the single-cell 

resolution. Thus, this technique can simultaneously measure several proteins in each 

sample using different fluorescent labels for each antibody. This represents a 

substantial advantage over traditional kinase assays, which require time-consuming 

cell sorting or depletion steps before analysis to observe responses of homogeneous 

cell populations. The second advantage, the power of single-cell measurements, is 

very useful when assessing heterogeneous cell populations because single-cell data 

overcome averaging effects that are not resolved in traditional in vitro biochemical 

assays.16  

Here, we conducted an exploratory study of mCRC patients to investigate the 

treatment-activity relationship between bevacizumab and pharmacodynamic 

markers. We also performed in vitro and in vivo studies to demonstrate proof-of-

concept for changes in the phosphorylation levels of VEGFR2 downstream 

signaling components at the single-cell level.  
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II. MATERIALS AND METHODS 

 

1. Cells culture 

Human umbilical vein endothelial cells (HUVECs), obtained from American 

Type Culture Collection (ATCC, CRL-1730; Manassas, VA, USA), were used for in 

vitro assay at passages 2 to 6. HUVECs were grown in Clonetics EBM-2 

Endothelial Basal Medium (Lonza, Basel, Switzerland) containing EGM-2 

supplements and growth factors (Lonza, Basel, Switzerland). Colon cancer cell lines 

(DLD-1, Colo205, HT29, HCT116, HUTU80) were grown in RPMI-1640 media 

supplemented with 10% fetal bovine serum (FBS) and 1% penicillin/streptomycin. 

All cells were incubated in a humidified atmosphere of 5% CO2 at 37C. 

 

2. Reagents and antibodies  

Bevacizumab was kindly provided by Roche and Co. Recombinant human 

VEGF165 was purchased from R&D Systems (Minneapolis, MN, USA). The 

following commercially available primary antibodies were used for Western blotting, 

flow cytometry, and/or immunofluorescence: anti-VEGFR2, anti-phospho-VEGFR2, 

anti-Akt, and anti-phospho-Akt (Ser473) from Cell Signaling Technology; anti-

ERK and anti-phospho-ERK from Santa Cruz Biotechnology; and Alexa Flour 488-

conjugated anti-phospho-ERK, Alexa Flour 647-conjugated anti-phospho-Akt (BD 

Bioscience), and phycoerythrin (PE)-conjugated anti-human VEGFR2 from R&D 

Systems. Horseradish peroxidase (HRP)-conjugated anti-mouse IgG (Jackson 

ImmunoResearch, PA, USA) was used as a secondary antibody. 

 

3. Flow cytometry 

For flow cytometric analysis, 5 ml of human peripheral blood was collected in 

heparinized tubes and incubated for 15 min. Whole blood was then lysed and fixed 

in Lysis/Fix buffer and incubated for 15 min at 37C, followed by centrifugation at 

500 × g for 25 min at 4C. The resulting mononuclear cells were washed twice in 
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phosphate buffered saline (PBS) containing 5% bovine serum albumin (BSA). Cells 

were counted, pelleted, and resuspended at 1 × 107 cells/ml in fluorescence-

activated cell sorting (FACS) buffer, after which they were washed and 

permeabilized by incubating with Perm buffer for 30 min on ice. Blood samples 

from normal healthy adults (controls) were processed in parallel. Cells were stained 

for intracellular S473-phosphorylated Akt and T202/Y204-phosphorylated ERK 

using the corresponding Alexa Fluor 647- and Alexa Fluor 488-conjugated 

phospho-specific monoclonal antibodies (BD Phosflow reagents); phycoerythrin 

(PE)-conjugated antibodies to human VEGFR2 were used to detect surface 

VEGFR2. Cells were washed twice, and 10,000 cells were acquired on a four-color 

FACSCalibur flow cytometry system (BD Biosciences) operated at Cancer 

Metastasis Research Center and analyzed using DiVa software (Beckton Dickinson). 

Data were acquired on an initial set of samples.    

 

4. Analysis of VEGF levels 

The colon cancer cell lines were incubated in serum-free medium overnight. 

Conditioned media were collected and centrifuged at 1100 × g for 10 min at 4C to 

remove debris and stored at -70C until analysis. VEGF protein levels in 

conditioned media were determined using enzyme-linked immunosorbent assays 

(ELISAs). The resulting optical density (OD) values were plotted against standard 

curves generated on the ELISA plate (correlation coefficients > 0.99). Samples with 

an OD value below the lowest value on the standard curve were assigned a value of 

zero. 

5. Cell proliferation assay 

Cell proliferation was measured by the 3-(4,5-dimenthylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT) dye reduction method. Briefly, tumor cells 

were plated in triplicate in 96-well plates (2 × 103 cells/well) and incubated in 

minimum essential medium (MEM) containing 5% FBS. HUVECs were plated in 

triplicate in 96-well plates precoated with 1.5% gelatin (2 × 103 cells/well) and 
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incubated in supplemented M131 medium. After incubating for 24 h, cells were 

washed and incubated for 72 h with bevacizumab in fresh MEM containing 5% FBS 

in the presence or absence of VEGF. Then, 50 L of MTT stock solution (2 mg/ml; 

Sigma) were added to each well and the cells were incubated for 2 h at 37C. Media 

containing the MTT solution were removed, and the dark blue crystals were 

dissolved by adding 100 L dimethyl sulfoxide. Absorbance was measured with an 

MTP-120 microplate reader (Corona Electric) at test and reference wavelengths of 

550 and 630 nm, respectively.  

 

6. VEGFR activation assay and Western blotting 

HUVECs and DLD-1 cancer cells were seeded in 6-well plates (2 × 105 cells/well) 

and serum starved by incubating overnight in medium containing 1% FBS. The next 

day, the medium was replaced with medium containing PBS, bevacizumab, or 

bevacizumab plus recombinant human VEGF (50 ng/ml). After incubating for 15 

min, cells were harvested and lysates were prepared and analyzed for 

phosphorylation of VEGFR2, and the downstream targets, Akt and ERK, by 

Western blotting. For Western blotting analysis, 20 g of protein was resolved by 

sodium dodecyl sulfate-polyacrylamide gel electrophoresis on a 10% gel and 

transferred to a polyvinylidene fluoride membrane. Non-specific binding was 

prevented by incubating blots in blocking buffer (5% non-fat dry milk, 0.1% 

Tween-20 in Tris-buffered saline (TBS) [pH 7.6]) for 1 h at room temperature with 

shaking. The membrane was then incubated overnight at 4ºC with the appropriate 

primary antibody, followed by incubation with an HRP-conjugated secondary 

antibody. Immunoreactive proteins were detected using an enhanced 

chemiluminescence detection system (Amersham-Pharmacia Biotech, 

Buckinghamshire, UK).  

 

7. Immunofluorescence and confocal microscopy 

For immunofluorescence analysis, HUVECs and DLD-1 cancer cells grown on 
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coverslips were cultured at 37C in a humidified 5% CO2 atmosphere. Cells were 

washed twice with PBS, fixed with 4% paraformaldehyde for 15 min at room 

temperature, and then washed briefly five times with PBS. The cells were then 

permeabilized by incubating with ice-cold acetone for 10 min at -20C, and then 

blocked with 1% BSA/PBS for 60 min. Cells were incubated for 90 min with Ax-

647- and Ax-488-conjugated anti-pAkt and pERK antibodies, respectively, diluted 

in 1% BSA/PBS. After washing three times with PBS, coverslips were slide-

mounted with Vectashield:DAPI (Vector Laboratories, Ind. Burlingame) and 

analyzed on a confocal microscope (LSM 700, Carl-Zeiss). 

 

8. Tumor implantation and bevacizumab treatment 

Cultured DLD-1 cells were harvested by pipetting, washed twice, and resuspended 

in PBS. Thereafter, the tumor cells (1 × 106 cells/100 L PBS) were injected into the 

flank of nude mice. The mice were treated with bevacizumab or PBS (control); 4 

weeks after tumor cell inoculation, the mice were sacrificed. The tumors were then 

carefully removed and weighed. Tumor volume was determined by taking two 

diameters, length (a) and width (b), at the largest points in each dimension. The 

tumor volume, V, was calculated as V = ab2/6, assuming the tumor to be an 

ellipsoid body.  

 

9. DCE-MRI scan in colon cancer xenografts 

Twelve mice from control and bevacizumab-treated groups were imaged by 

DCE-MRI. For MR examination and catheterization, mice were anesthesized by 

inhalation of a mixture of isofluorane (1.5%), N2O (35%), and O2 (60%). The tail 

vein was catheterized using a 30-guage needle connected to a 10-cm-long PE 10 

polyethlene catheter (Portex, Medic-Eschmann, Germany) filled with 10 l of 0.9% 

NaCl. The distal end of the catheter was connected to a 30-cm-long PE 50 

polyethylene catheter (Portex) and a 1-l Hamilton syringe, both containing the 

contrast agent. All images were obtained in the transverse plane using a transverse 
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T2-weighted turbo spin-echo sequence (4930/128 [repetition time ms/echo time ms]; 

echo train length, 25; one signal acquired; matrix, 114 × 192) applied with a section 

thickness of 1.0 mm, an intersection gap of 1.12 mm, and a flip angle of 160°. The 

field of view was 35 × 60 mm2, which included the tumor in its entirety (20 

sections), with a resultant voxel size of 0.3 × 0.3 × 1.0 mm3.  

Dynamic contrast-enhanced MRI included two precontrast T1-weighted 

measurements (3D VIBE, 8.3/2.3 [repetition time ms/echo time ms], 20 axial slices 

[slice thickness, 1.04 mm], field of view 50 × 50 mm, matrix 90 × 128) with 

different flip angles (2°, 15°) to determine the T1 relaxation time in the blood and 

tissue on a pixel-by-pixel basis before arrival of contrast agent. This was followed 

by a dynamic contrast enhanced series using a time-resolved angiography with 

interleaved stochas (TWIST) sequence (5.8/2.4 [repetition time ms/echo time ms]; 

flip angle, 12°; all other parameters the same as for the precontrast image). For the 

entire volume of 20 sections, the acquisition time for a single signal was 6.2 s. This 

sequence was applied continuously for 60 measurements (total time, 60 × 6.2 s = 

372 s). After the first five measurements, an intravenous bolus of gadopentetate 

dimeglumine (Magnevist; Schering, Erlangen, Germany) at a concentration of 0.05 

mmol/mL was administered via manual injection at a dose of 0.3 mmol/kg over a 

maximum period of 5 s. Gadolinium diethylenetriaminepentaacetic acid (Gd-DTPA; 

Magnevist Schering, Berlin, Germany) was diluted 1:5 in 0.9% NaCl. After the first 

five measurements, 36 L of this solution (0.4 mmol/kg Gd-DTPA) was injected 

manually as a bolus within 5 s into the tail vein of each nude mouse. 

Upon completion of the study, the data were transferred to an image processing 

workstation (Leonardo, Siemens Healthcare) and analyzed using Tissue4D software 

(Siemens Healthcare), which automatically provides and applies a calculated value 

of arterial input function. To verify the applicability of the programmed arterial 

input function, we also analyzed the enhancement patterns of the normal thigh 

muscles opposite the tumor. All mice showed similar patterns of enhancement in 

muscle regions of interest (ROIs) with minimal variation among animals. Tumor 
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ROIs were drawn at the midpoint along the z-axis of the mass by a third-year 

resident under the supervision of a senior radiologist. ROIs covering the entire 

transection of the tumor were drawn for each mouse. Dynamic data from ROIs were 

fitted pixel by pixel to the pharmacokinetic model described by Tofts, and the 

quantitative parameters Ktrans and iAUC (integrated area under the curve) were 

calculated. 

 

10. Histopathological analysis  

Mice were killed 24 h after receiving the last treatment (day 29), and tumors from 

variously treated mice were collected. Tumors from each mouse were cut in half; 

one half was fixed in formalin for histopathological analysis, and the other half was 

fixed in zinc fixative (BD Biosciences) for 24 h for immunohistochemical 

examination.  

Samples were embedded in paraffin, and cut into 5-m sections using a rotation 

microtome (Microm HM335; Walldorf, Germany). Sections were prepared at each 

sample step. One slide was stained with hematoxylin and eosin (H&E) and the 

adjacent slide was immunostained for CD31. For CD31 immunostaining, the 

sections were deparaffinized. After incubating in a solution containing 240 mL 

methanol and 8 mL H2O2 (30%) for 10 min to quench endogenous peroxidase, 

slides were incubated with a primary antibody against mouse CD31/PECAM-1 

(platelet endothelial cell adhesion molecule-1, BD PharMingen, USA) for 90 min at 

room temperature. An HRP-conjugated goat anti-rat specific polyclonal IgG 

(Jackson ImmunoResearch) was used as a secondary antibody. Immunoreactive 

proteins were visualized chromogenically using diaminobenzidine as a substrate. 

The sections were counterstained with Carrazi hematoxylin. Isotype-matched 

irrelevant antibodies were used as negative controls. On the CD31-immunostained 

section, the number of blood vessels per 0.20 mm2 field was counted on a light 

microscope (Jenamed2; Zeiss, Jena, Germany) using a microscope eyepiece 

graticule (×10 ocular and ×20 objective). All sections were scored independently by 
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two individuals. The coefficient of variation of intraobserver MVD was quantified 

as the number of CD31+ microvessels, defined as the number of distinct lumen 

containing vascular structures per high power field at ×200 (Leitz Wetzlar GmbH). 

For each section, three fields with the highest density of vessels were counted and 

the average of the two highest scores was reported. Sinusoidal CD31+ structures 

were avoided.  

  

11. Patients and samples 

Twenty-four patients (median age, 55 years; range, 36–72 years) were enrolled in 

this study between January 2009 and January 2010 in the Division of Oncology of 

Yonsei Cancer Center. Before treatment, peripheral blood was collected in EDTA-

containing tubes for FACS analysis. The peripheral blood from seven healthy 

volunteers (median age, 28 years; range, 25–37 years) was also collected for use as 

controls. The research ethics committee of our hospital approved the protocol, and 

informed consent was obtained from all participants. 

 

12. Statistical analyses 

Changes in biomarkers from baseline were expressed as ratios and tested using 

the exact paired Wilcoxon test. Results are expressed as means ± SEs, unless 

otherwise indicated. Populations were compared using Student’s t-test with no 

assumption of equal variance, unless otherwise noted. All statistical evaluations 

were performed with the statistical program SPSS for Windows (version 13.0). 

Differences in normalized tumor volumes and dynamic parameters of treated and 

untreated tumors were compared using two-sided nonparametric Wilcoxon two-

sample tests. All in vitro and in vivo experiments were performed as least twice. 

Student’s t-tests and analysis of variance were used to calculate the statistical 

significance of the experimental results. P-values < 0.05 were considered 

statistically significant. 
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III. RESULTS 

 

1. VEGF secretion in colon cancer cell lines  

Baseline in vitro VEGF secretion (of cells maintained in serum free medium and 

corrected for cell number) of the cell lines was 3218.5 pg/ml for DLD-1, 2438.0 

pg/ml for Colo205, 2871.5 for HT29, 3097.5 for HCT116 and 3109.5 for HUTU80. 

DLD-1 cell lines secreted the highest VEGF among them so that we selected it for 

further experiments (Figure 1).  

 

 

 

Figure 1. ELISA analysis of secreted VEGF protein concentrations in the 

conditioned media of colon cancer cell lines. The results in doublets are depicted.   

 

2. Characteristics of DLD-1 colon cancer cell in vitro 

To assess the antiproliferative effects of bevacizumab against colon cancer cells, 

we performed MTT assays on DLD-1 cells stimulated with VEGF and treated with 

different concentration of bevacizumab (0–10 ng/ml). DLD-1 cell growth was 

unaffected by VEGF or increasing concentrations of bevacizumab in the presence or 

absence of VEGF (Figure 2), indicating that the VEGFR signaling-independent 

growth of DLD-1 cancer cells is insensitive to bevacizumab.  
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Figure 2. The effect of bevacizumab on the in vitro proliferation of the colon cancer 

cells determined by MTT assay. The proliferation of the DLD-1 colon cancer cells 

were not stimulated by VEGF and not inhibited by bevacizumab. MTT assay was 

done in the presence and absence of bevacizumab.  

 

To determine whether DLD-1 colon cancer cells express VEGFR2 and exhibit 

functional VEGF-mediated signaling, we investigated the effects of VEGF on the 

phosphorylation of VEGFR2 and its downstream signaling components, Akt and 

ERK, by Western blotting using antibodies specific for phosphorylated and 

unphosphorylated forms of each protein. As shown in Figure 3, DLD-1 cancer cells 

expressed unphosphorylated, but not phosphorylated, VEGFR2. In addition, neither 

VEGF nor bevacizumab affected the phosphorylation status of VEGFR2, Akt or 

ERK, suggesting that DLD-1 cancer cells are not dependent on VEGFR2 signaling. 
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Figure 3. The effect of stimulator of VEGFR2 (VEGF) and an inhibitor of VEGF 

(bevacizumab) on phosphorylation of VEGFR2 and down signaling in DLD-1 colon 

cancer cells. VEGFR2 was expressed, but phosphorylated VEGFR2 was not 

detected. VEGF did not induce phosphorylation of VEGFR2, Akt or ERK, and the 

phosphorylation status of these proteins was not affected by bevacizumab treatment. 

 

3. Characteristics of HUVECs in vitro 

 Under the experimental conditions used, HUVEC proliferation was stimulated by 

the addition of VEGF (50 ng/ml). Importantly, pretreatment with bevacizumab 

effectively inhibited the growth of HUVECs in a dose-dependent manner (Figure 4). 

The concentration of bevacizumab required to cause a 50% inhibition of VEGF-

stimulated cell growth (IC50) was determined to be 0.1 ng/L; maximal inhibition of 

proliferation (69%) was achieved at 10 ng/ml of bevacizumab. 
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Figure 4. The effect of bevacizumab on the in vitro proliferation of HUVEC 

determined by MTT assay. Bevacizumab inhibited the proliferation of VEGF-

stimulated endothelial cells in a dose-dependent manner.  

 

Western blot analyses revealed low levels of pAkt and pERK in HUVECs under 

serum-free conditions. However, incubation with VEGF for 15 min induced an 

increase in the phosphorylation of VEGFR2, Akt, and ERK, an effect that was 

inhibited by pretreatment with bevacizumab (100 ng/ml). In the case of Akt and 

ERK activation, the inhibitory effect of bevacizumab was concentration dependent.  
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Figure 5. The effect of bevacizumab on phosphorylation of VEGFR2 and 

downstream signaling components in HUVECs. Under serum-free conditions, pAkt 

and pERK levels in HUVECs were low. Incubation with VEGF for 15 min resulted 

in the phosphorylation of VEGFR-2, Akt and ERK; these effects were inhibited by 

bevacizumab. 

 

4. Immunofluorescence analysis of VEGF and bevacizumab effects on 

HUVECs  

In vitro immunocytochemical assays for activated ERK and Akt in HUVECs and 

DLD-1 cancer cells yielded results that were consistent with those obtained by 

Western blotting. In HUVECs, the low levels of pAkt and pERK noted under 

control conditions were increased by stimulation with VEGF (visualized as brighter 

red and green). Bevacizumab alone (i.e., in the absence of VEGF) had no effect on 

the basal levels of pAkt or pERK; however, in the presence of VEGF, bevacizumab 

induced a concentration-dependent decrease in pAkt and pERK levels (Figure 6). 

We did observe some minor heterogeneity in cellular signaling in more confluent 
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and higher passage cultures. This is likely attributable to stress in cells grown to 

confluence, because endothelial cells are highly sensitive to changes in in vitro 

conditions. However, in DLD-1 cancer cells, there were clearly no prominent 

changes in Akt or ERK phosphorylation in response to VEGF stimulation or 

bevacizumab treatment (Figure 7).  

 

 

 

Figure 6. The effects of bevacizumab on VEGF-induced Akt and ERK 

phosphorylation in HUVECs. Images were obtained using a confocal imaging and 

quantification system as described in Materials and Methods. Bright yellow 

indicates colocalization of pAkt (red) and pERK (green). 
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Figure 7. The effects of bevacizumab on VEGF-induced Akt and ERK 

phosphorylation in DLD-1 colon cancer cells. Images were obtained and quantified 

as described in Materials and Methods. The levels of pAkt and pERK were not 

affected by VEGF stimulation or bevacizumab treatment.  

 

5. Therapeutic effect of bevacizumab on colon cancer xenografts 

Six mice were analyzed starting at the point of tumor inoculation in the flank of 

mice. Bevacizumab or PBS (control) was administered twice weekly for 2 weeks 

beginning 7 d after tumor cell inoculation. At this time (7 d), DLD-1 cells had 

progressed to form a primary tumor greater than 2 mm. Four weeks later, mice were 

killed and tumors were evaluated. Treatment with PBS had no inhibitory effect on 

colon tumors, whereas treatment with bevacizumab (200 g/mouse) significantly 

inhibited the growth of colon tumors (Figure 8). Moreover, an evaluation of adverse 

effects showed no changes in body weight loss, morbidity, or death in any 

experimental groups, indicating that all treatments were well tolerated.  
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Figure 8. Efficacy of bevacizumab in treating human DLD-1 colorectal cancer 

tumor xenografts. Bevacizumab (200 g/mouse) or PBS control was administrated 

intraperitoneally twice weekly. (*P < 0.05, between treatment and control group; n 

= 6). Data points represent mean tumor volumes ± SE (bar). Tumors for each 

treatment group are shown in the panels below. 

 

6. Histopathological analysis and imaging studies of colon cancer xenografts 

To further investigate the mechanism for the observed enhancement of antitumor 

activity by bevacizumab, we subjected tumors from mice receiving bevacizumab or 

PBS to histopathological and imaging analyses.  

Histopatholgical analyses involved H&E staining to assess tumor infiltration and 

immunohistochemical detection of CD31 and DCE-MRI as indicators of vascular 

permeability (Figures 9 and 10). These analyses revealed different patterns of tumor 

infiltration between control and treatment groups. Bevacizumab treatment resulted 

in extensive central necrosis with smaller regions of viable tissue toward the 
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periphery, whereas PBS treatment resulted in central necrosis with larger regions of 

viable tissue in the periphery. There was a clear boundary between the necrotic core 

and the viable tumor rim in the bevacizumab-treated group. CD31 

immunohistochemical staining showed a typical blood vessel distribution pattern, 

with prominent vascularization in the peripheral rim and only a few vessels within 

the central necrotic portion of the tumor. Thus, the counted “hot spots” were located 

on the peripheral rim of tumors in both control and treatment groups. In the 

bevacizumab-treated group, microvessels in tumor-infiltrated areas were smaller, 

with slit-like lumens, and immunostained more intensely for CD31. These results 

show that the antitumor activity of bevacizumab in tumor-bearing mice was 

associated with potent inhibition of tumor angiogenesis. As shown in Figure 11, the 

median MVD, which increased in parallel with tumor growth, was significantly 

decreased in the bevacizumab-treated group compared with the control group 

(P = 0.0457).  

Visual inspection of T2-weighted MRI scans revealed a broadly homogenous 

signal across the tumor mass in the bevacizumab-treated, whereas a heterogeneous 

signal was observed in the control group. To determine the effects of bevacizumab 

on vascular permeability, we subjected a cohort of DLD-1 tumor-bearing mice 

treated with bevacizumab or PBS to DCE-MRI. Parametric maps from DCE-MRI 

studies showed no alterations in vascular permeability, highlighting the difficulty of 

identifying alterations in tumor vasculature characteristics using single-point, 

imaging-based biomarkers (Figure 12).  
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Figure 9. Staining and images of DLD-1 tumors on day 21 after initiation of 

bevacizumab. (A, B) Viable (V) and necrotic (N) tissue in tumor sections visualized 

by H&E staining. (C) Blood vessels visualized by immunohistochemical (IHC) 

staining for CD31. (D) T2-weighted (T2W) tumor images. (E) DCE-MRI of DLD-1 

tumors. Pseudocolor maps were generated based on the uptake and concentration of 

gadolinium in the tissue, with blue corresponding to the lowest concentration values 

and red corresponding to the highest values. The color-coding in the tumors is 

shown for Ktrans.   
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Figure 10. Staining and images of DLD-1 tumors on day 21 after PBS treatment. (A, 

B) Viable (V) and necrotic (N) tissue in tumor sections visualized by H&E staining. 

(C) Blood vessels visualized by immunohistochemical (IHC) staining for CD31. (D) 

T2-weighted (T2W) tumor images. (E) DCE-MRI of DLD-1 tumors. Pseudocolor 

maps were generated based on the uptake and concentration of gadolinium in the 

tissue, with blue corresponding to the lowest concentration values and red 

corresponding to the highest values. The color-coding in the tumors is shown for 

Ktrans. 
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Figure 11. Quantitative analysis of MVD. Bevacizumab make a significant change 

in the MVD. Mean count compared with control was lower for bevacizumab treated 

group (P=0.0457). MVD: microvessel density. 

 

 

Figure 12. Comparison of DCE-MRI parameters for vascular permeability in DLD-

1 tumor xenografts. There were no differences in Ktrans or iAUC between 

bevacizumab and control groups.  

 

 

 



25 

 

7. Determination of VEGFR2 signaling in HUVCEs using Phospho-flow 

cytometry   

For phospho-flow staining, fluorescently labeled phospho-specific antibodies are 

added to HUVECs after HUVECs have been fixed and permeabilized. A phospho-

flow analysis of VEGFR2 signaling in HUVECs demonstrated that Akt and ERK 

phosphorylation were induced by treatment of VEGF, whereas the level of VEGFR2 

phosphorylation was decreased, a pattern similar to that obtained by Western 

blotting. Adding bevacizumab before stimulation prevented induction of Akt and 

ERK phosphorylation, as evidenced by a decrease in the levels of pAkt and pERK 

(Figure 13, 14). The inhibitory effects of bevacizumab on VEGF-induced 

autophosphorylation of Akt in VEGFR2+ cells were evident at 100 g/ml. These 

techniques and assays demonstrate novel possibilities as biomarkers for 

antiangiogenic agents. 
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Figure 13. Representative phosphor-flow cytometry analysis of HUVECs according 

to VEGF stimulation and bevacizumab treatment. The percentage of 

VEGFR2+pAKT+ cells increased from 24.2% without VEGF stimulation to 44.7% 

with VEGF stimulation. Bevacizumab decreased VEGFR2+pAKT+ cells to 23.5% 

at 300 ng/ml and had no additional effect at ≥500 ng/ml.   
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Figure 14. The Effects of bevacizumab on VEGF induced phosphorylation of Akt 

and ERK in HUVEC determined using phosphor-flow cytometry. In serum-free 

medium in the absence of VEGF, Akt and ERK phosphorylation remained at low 

basal levels. Incubation of HUVECs with VEGF (50 ng/ml) for 15 min stimulated 

Akt and ERK phosphorylation. Akt phosphorylation was inhibited by pretreating 

cells with increasing concentrations of bevacizumab, whereas ERK phosphorylation 

was not inhibited. 
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8. Circulating VEGFR2+pAkt+ and VEGFR2+pERK+ cells in mCRC 

patients treated with bevacizumab-based chemotherapy. c 

Patient characteristics are presented in Table 1. In healthy controls (n = 7), the 

median percentages of VEGFR2+pAkt+ and VEGFR2+pERK+ cells were 6.83% 

(range, 0.38%–13.13%) and 0.12% (range, 0.03%–0.41%), respectively. The 

percentage of VEGFR2+pAkt+ cells in one female control was higher (13.13%) 

than in other controls, reflecting the fact that she was evaluated during the 

menstrual period, which is associated with physiologically active angiogenesis.  

In 24 colorectal cancer patients, the median percentages of VEGFR2+pAkt+ and 

VEGFR2+pERK+ cells were 23.44% and 0.35%, representing a 3-fold increase in 

both cell populations (P < 0.001 and P < 0.004, respectively, vs. control) (Figures 15 

and 16). To address the question of whether VEGFR2 signaling in circulating 

endothelial cells could be modulated by bevacizumab treatment (5 mg/kg every 2 

weeks), we monitored colorectal cancer patients for the levels of VEGFR2+pAkt+ 

endothelial cells in the blood on days 3 and 15 after bevacizumab treatment. 

Notably, bevacizumab treatment decreased the percentage of VEGFR2+pAkt+ cells 

in 18 of 24 patients on day 3. The number of VEGFR2+pAkt+ cells rebounded on 

day 15 and remained at elevated levels. In contrast to VEGFR2+pAkt+ cells, the 

levels of VEGFR2+pERK+ cells increased modestly on day 3 and then deceased on 

day 15 day, although it should be noted that VEGFR2+pERK+ cells were present in 

the circulation at very low numbers, and were difficult to quantify by flow 

cytometry.  

A total of 17 (70.8%) patients were diagnosed with hypertension greater than grade 

1 (grade 1, n = 11; grade 2, n = 4; grade 3, n = 2) on day 3 during bevacizumab 

treatment, whereas the other seven patients remained normotensive (grade 0; Figure 

9). Eight (47%) hypertension patients (grade 1) were normotensive at baseline and 

4 (23.5%) became normotensive on day 15 without antihypertensives. The median 

values of systolic and diastolic blood pressure before and during bevacizumab-

based treatment are presented in Figure 17.  
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Table 1. Patients characteristics  

Characteristic  No.  % 

Healthy volunteer  (n=7)    

   Median (range)  28 (25-37)   

   Male/Female  5/2 71.4/28.6 

Patients (n=24)    

   Median (range)  55 (36-72)   

   Male/Female  12/12 50/50 

Chemotherapy regimen    

   Beva. + FOLFIRI  15  62.5  

   Beva. + FOLFOX  5  20.8  

   Beva. + Fluoropyrimidine  4  16.7  
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Figure 15. Representative phosphor-flow cytometry analysis from a patient with 

colorectal cancer. Enumeration of endothelial cells and VEGFR2 signaling were 

performed using phosphor-flow at baseline and on day 3 and 15.  
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Figure 16. Levels of circulating VEGFR2+pAkt+cells in mCRC patients treated 

with bevacizumab-based chemotherapy compared with healthy volunteers. In 

healthy controls (n = 7), the percentage of VEGFR2+pAkt+ cells was 6.8% at 

baseline and was increased ~3-fold (to 23.4%) in cancer patients. Bevacizumab 
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treatment resulted in a decrease in the percentage of VEGFR2+pAkt+ cells in 18 of 

24 patients on day 3. The percentage of these cells was increased on day 15 

compared to day 3. 

 

 

Figure 17. Systolic and diastolic blood pressure during bevacizumab treatment. A 

total of 70% patients were diagnosed with HTN on days 3 during bevacizumab 

treatment. 47% of patients with higher than grade 1 HTN on days 3 were 

normotensive at baseline and among them 24% became normotensive on days 15 

without antihypertensives drugs. 
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IV. DISCUSSION  

Angiogenesis has been strongly suggested to play a critical role in the growth and 

progression of various solid tumors, as cells within the expanding mass of the tumor 

are frequently deprived of oxygen because of their great distance from the nearest 

blood vessels. Key to this angiogenic response is VEGF, which binds with high 

affinity to two VEGF receptor tyrosine kinases, VEGFR1 (Flt-1) and VEGFR2 (Flk-

1/KDR), on endothelial cells, inducing receptor dimerization, autophosphorylation, 

and signal transduction through Akt and ERK. Antiangiogenic therapies targeting 

the VEGF pathway, such as monoclonal antibodies directed against VEGF or its 

receptors, and small-molecule tyrosine kinase inhibitors, have shown promising 

antitumor effects.17 Bevacizumab, a humanized, monoclonal, neutralizing anti-

VEGF antibody, blocks the binding of VEGF to its receptor and neutralizes all 

isoforms of human VEGF.18 Preclinical and clinical trials have demonstrated 

synergistic effects of bevacizumab and chemotherapy in various malignancies, 

including lung, colorectal, prostate, and renal cell cancer.19-21 

Primary HUVECs are a useful model system for the molecular analysis of 

VEGFR2 signaling pathway activation mechanisms.22 In our study, MTT assays 

demonstrated that treatment of HUVECs with bevacizumab markedly inhibited 

endothelial cell proliferation in VEGF-stimulated, but not unstimulated, HUVECs, 

suggesting that the inhibitory effect of bevacizumab was dependent on VEGF 

signaling. Further confirmation of this was provided by Western blotting 

experiments, which showed that phosphorylated (activated) forms of VEGFR2 and 

Akt/ERK, downstream targets of VEGFR signaling, were reduced by bevacizumab 

in VEGF-stimulated HUVECs. Exposure of HUVECs to bevacizumab 

concentrations as low as 100 ng/ml for 30 min was sufficient to markedly inhibit 

phosphorylation of Akt and ERK. Considered in light of the role of Akt and ERK in 

regulating the cell cycle, proliferation, survival, and migration of endothelial cells, 

these observations are consistent with the potent antiproliferative activity of 

bevacizumab in vitro MTT assays. These findings were also supported by double-
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label immunocytochemical experiments, which showed increased intracellular 

staining for pAkt and pERK in VEGF-treated HUVECs and a decrease in staining 

with bevacizumab treatment. 

Our in vitro results showing inhibition of VEGF-VEGFR2-mediated signaling 

suggested that bevacizumab might also exhibit a tumor-inhibitory effect in vivo. 

This supposition was confirmed in tumor xenograft studies, which showed that 

bevacizumab alone slowed tumor growth in mice bearing DLD-1 tumor xenografts. 

Importantly, this antitumor effect of bevacizumab was not accompanied by a 

decrease in body weight or morbidity, indicating that bevacizumab treatment is 

tolerated. A dose-titration study demonstrated that bevacizumab at 100 g was not 

cytotoxic to colon cancer cells for up to 4 days, whereas doses of 1000 g and 

2000 g were cytotoxic.23 Furthermore, the dose range of bevacizumab that has 

been approved by the FDA for treatment of patients is 5–15 mg/kg, which 

corresponds to a mean plasma concentration value of 0.1 to 0.5 mg/ml. On the basis 

of these observations, we used bevacizumab at a concentration of 200 g in the 

current in vivo study. At this concentration, bevacizumab blocked cellular VEGF 

signaling. 

In this study, we also assessed whether markers of intracellular endothelial 

signaling could be used to measure the effectiveness of antiangiogenic therapy 

targeting the VEGF system. First, we theorized that VEGF-directed antiangiogenic 

therapies would block important endothelial cell signaling cascades, and that these 

effects would serve as early surrogate markers of their effectiveness. To test this 

hypothesis, we employed a phospho-flow cytometry methodology in in vitro and in 

vivo models. Using this approach, we showed that the levels of VEGFR2+pAkt+ 

and VEGFR2+pERK+ cells among circulating endothelial cells in the peripheral 

blood were increased in patients with cancer compared with healthy volunteers. We 

further showed that bevacizumab-based chemotherapy decreased the elevated levels 

of these cells on day 3, albeit not to the same level as in healthy controls. A 

multitude of growth factors regulate physiological and pathological angiogenesis, 
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but VEGF activation of VEGFR2 and downstream signaling cascades is believed to 

lead to endothelial cell proliferation and survival as well as mobilization of bone-

marrow-derived endothelial precursors. In addition, we demonstrated that phospho-

flow cytometry could detect intracellular signaling of VEGFR2+ cells in the blood 

of patients with mCRC, and showed that bevacizumab treatment was associated 

with changes in activated proteins. These results thus suggest that serial monitoring 

of VEGFR2+ cells could be used to predict disease outcome.  

Circulating endothelial cells probably originate from three sources: the mature 

blood vessels, the tumor vasculature, and the bone marrow.24 Taken together, our 

findings support the evaluation of intracellular signaling in VEGFR2+ cells as a 

surrogate, noninvasive angiogenesis marker.25 The measurement of these cells by 

phospho-flow cytometry appears to be a useful, noninvasive tool for evaluating the 

efficacy of targeted antiangiogenic drugs in both preclinical models of human 

disease and clinical trials.26 In this context, peripheral blood lymphocytes have been 

used to demonstrate drug effects on selected signaling pathways, and monitoring 

ERK phosphorylation in lymphocytes obtained from sorafenib-treated patients and 

lymphocytes stimulated in vitro with a phorbol ester has been shown to provide 

useful information on the dose necessary to achieve ERK inhibition in vivo.27  

Several randomized studies have shown that bevacizumab prolongs both 

progression-free and overall survival5,6. In all studies, hypertension has been 

recognized as a common adverse event associated with bevacizumab treatment. 

Hypothetically, hypertension itself might be a predictor of inhibitory efficacy, given 

that inhibition of the VEGF signaling pathway eliminates an endothelial cell 

survival signal, leading to apoptosis and capillary rarefaction. Inhibition of VEGF 

signaling also reduces the amount of endothelial cell-derived nitric oxide, causing 

vascular smooth muscle constriction, increased vascular resistance, and elevated 

blood pressure. Recently, bevacizumab-associated hypertension has been suggested 

to predict treatment efficacy in mCRC patients treated with single-agent 

bevacizumab or sunitinib.28 Although hypertension has traditionally been 
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considered a side effect of the treatment, it may represent a measure of efficacy 

rather than toxicity. Our demonstration that the mean systolic blood pressure of 

patients receiving bevacizumab-based chemotherapy increased with exposure to 

these drugs as early as day 3 and returned to baseline 15 days after cessation of 

treatment might provide additional support for this interpretation. Studies by 

Maitland et al. suggested that the wide variability in blood pressure responses to 

VEGF pathway inhibitors reflects pharmacodynamic variability. Limiting this 

variability might entail dose optimization, which would require objective 

measurements of early responses to treatment.29  

Although this study is not without limitations, the overall approach represents a 

systematic implementation of a sound strategy, starting with treatment of HUVECs 

with bevacizumab in vitro, followed by an assessment of bevacizumab efficacy 

against xenografted tumors in mice, and culminating in an ex vivo analysis of 

bevacizumab-treated CRC patients using phospho-flow cytometry to allow 

extrapolation of this biomarker study to the clinic.  

Biomarkers could be defined as variable parameters reflecting functional status of 

a biological system,30 and should be repeatable, reproducible, and measurable 

through minimally invasive procedures. In cancer, pharmacodynamic markers 

represent the effect of a particular drug on the host or the tumor, regardless of 

antitumor effect. Many biomarkers of angiogenesis have been investigated, but none 

has yet been validated for routine clinical practice.7 In contrast to previous studies 

involving paraffin embedding and immunohistochemistry, the phospho-flow 

cytometry assay described here is rapid, sensitive, and capable of quantitatively 

determining the efficacy of a drug in the cell type of interest as well in several other 

cell types simultaneously. Notably, the quantitative nature of phospho-flow 

cytometry can plot dose-response titration curves for multiple pathways and cell 

types, simultaneously.31,32 Owing to its multiparameter and single cell nature, 

phosphospecific flow cytometry could be very useful to the parallel analysis of cell 

subsets within complex populations of cells and their functional status.  
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Future developments of this technique may include the analyses of multiple 

biomarkers using antibodies directly labeled with distinct fluorophores. This 

capability would be valuable in Phase I/II trials, where pharmacodynamic 

biomarkers could be used to validate the proposed biological effects of a drug, and 

define the optimum biological dose and schedule. Our models may thus serve as a 

starting point for future investigations on the influence of different tumor types on 

these biomarkers, and could facilitate simulation-based, trial-design optimization 

for other anti-VEGF drugs.  

 

V. CONCLUSION 

We have shown that antiangiogenic agents suppress the phosphorylation of 

downstream markers of VEGFR2 in vitro and in vivo. In addition, we established a 

pharmacodynamic marker for VEGF inhibition using phospho-flow cytometry. 

Eventually, this approach could provide information important for determining a 

minimally active dose or dose range, which could define the dose escalation process 

and determine the optimum biological dose in early clinical trials.  
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<ABSTACT (IN KOREAN)> 

혈관 생성 억제제 치료를 받는 전이성 대장암 환자에서 기능성 약력학 

표지자로써 순환 VEGFR2+pAkt+ 세포 연구 

<지도교수 정현철> 

연세대학교 대학교 내과 

신상준 

악성종양의 성장과 전이에 혈관신생은 매우 중요한 역할을 하며, VEGF

는 혈관신생의 중요한 인자로, 과다 생성시 암의 진행 및 나쁜 예후와 관

련이 있다. Bevacizumab 은 VEGF 에 대한 단클론 항체로 임상적으로 항

암약제와 병용하였을 때 종양의 성장을 억제할 수 있는 것으로 잘 알려

진 신생 혈관 억제제이다. Bevacizumab 은 진행성 대장암, 비소세포폐암 

및 많은 고형암에서 높은 치료효과의 보여주며 많은 관심을 받고 있다. 

하지만 이런 약제의 효과를 검증과 더불어 Bevacizumab 에 반응하는 환

자군의 규명, 생물학적 적정 투여 용량 결정, 투여 주기를 결정하기 위한 

효과적인 생물학적 표지자 연구가 필요하다.   

본 연구에서는, in vitro MTT 모델을 사용해서 Bevacizumab 이 VEGF 

투여에 따른 혈관내피세포주 (HUVEC)의 성장을 농도 의존적으로 

억제한다는 것을 증명하였다. 혈관내피세포주는 무 혈청 조건에서 Akt 와 

ERK 의 인산화 정도가 낮았지만 VEGF 로 활성화시 VEGFR-2, Akt, 

ERK 의 인산화 높아지는 것을 Western blot 으로 증명하였다. 100ng/ml 

농도의 Bevacizumab 처리는 VEGFR-2, Akt 와 ERK 의 인산화를 

억제하였으며 농도에 따라 억제 정도가 늘어난다는 것을 증명하였다. 
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또한, DLD-1 대장암 세포주를 이용한 피하 동물모델에서 

bevacizumab 를 투여 한 군이 PBS 를 투여한 대조군에 비해 유의하게 

종양성장을 억제하였다.  

생물학적 표지자 발굴을 위한 실험으로 혈관내피세포주에서 VEGF 의 

자극에 따른 VEGFR2 양성세포 내의 신호전달을 분석 하였다. VEGF 의 

처리로 VEGFR2 하위 신호전달 단백질인 Akt 와 ERK 인산화 유도되는 

것을 확인 할 수 있었으며 bevacizumab 투여에 따른 Akt 와 pERK 의 

인산화가 농도의존적으로 억제된다는 것으로 증명하였다. 이러한 기술과 

측정은 신생혈관 생성 억제제에 대한 새로운 생물학적 표지자 발굴의 

가능성을 제시하였다.   

이러한 측정 기술을 통해, 7 명의 건강한 지원자와 24 명의 전이성 

대장암 환자에서 말초단핵세포 내 VEGFR2+pAkt+세포수를 인산화 

유세포 측정기를 통해 분석하였다. 암환자에 있어서 

VEGFR2+pAkt+세포의 수와 VEGFR-2+pERK+세포수의 중간 값은 

각각 두 세포군에서 세 배 높은 23.44% 와 0.35%를 차지하였다 (P< 

0.001 and P<0.004 vs control). 대장암 환자에게서 Bevacizumab 투여 

후 3 일만에 24 명의 환자 중 18 명의 환자에서 VEGFR-2+pAkt+ 

세포의 수가 급격히 줄어들어 드는 것을 확인하였으며 투여 후 

15 일에는 VEGFR-2+pERK+cells 의 수가 다시 증가되는 것을 

확인하였다. Bevacizumab 투여 환자에서 투여 후 3 일만에 측정한 

혈압이 70.8%에서 상승하는 것을 보여 줌으로 유세포 측정기를 통해 

측정 한 VEGFR2+pAkt+ 세포의 변화 양상과 유사 한 것을 보여 

주었다.  
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결론적으로 항암 약물 요법과 병행된 Bevacizumab 투여는 VEGFR-2 

신호전달의 억제를 야기 하며 이는 혈액 내에 VEGFR-2+pAkt+cells 의 

수적 감소를 야기하는 것을 확인하였다. 따라서, VEGFR-2+pAkt+cells 

의 수치를 측정하는 것은 신생혈관 억제제의 약제 투여효과, 투여 용량 

및 투여주기의 결정에 도움을 줄 수 있는 우수한 생물학적 표지자가 될 

것으로 기대된다.  
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