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Although researched for many years, the prognostic value of tu-
mor angiogenesis reflected by microvessel density (MVD) is still
controversial, and there have been no previous reports regarding
the correlation with 18F-FDG uptake in lung adenocarcinomas.
Therefore, in the present study, we investigated the correlation
between MVD determined with different endothelial cell anti-
bodies and 18F-FDG uptake and compared the prognostic
impact of those factors in lung adenocarcinomas. Methods:
Forty-four patients with 45 lung adenocarcinomas underwent
18F-FDG PET before surgery. Consecutive paraffin-embedded
sections obtained from each resected tumor were immuno-
stained for CD31 (a panendothelial cell marker), CD105 (a prolif-
eration-related endothelial cell marker), and CD34/a-SMA (for
double labeling of endothelial cells and mural cells). Four high-
power fields in the area with the highest MVD were selected for
analysis. Computer-assisted image analysis was used to assess
MVD. Results: MVD staining results for panendothelial cell
markers can be classified into 3 microvessel patterns: diffuse,
alveolar, andmixed. Thehighly ordered alveolar pattern isbelieved
to represent preexisting alveolar vessels trapped in lung ade-
nocarcinomas and may have no significant meaning for the ag-
gressiveness of tumors. Preexisting alveolar cells also do not
contribute to 18F-FDG uptake. CD105 staining of MVD (CD105-
MVD) showed a significantly positive correlation with 18F-FDG
uptake (P , 0.0001), whereas CD31 staining of MVD (CD31-
MVD) showed a marginally negative correlation with it (P 5

0.057). AlthoughCD105-MVD correlated negatively with progno-
sis, patients with low CD105-MVD, compared with those with
high or moderate CD105-MVD, had a much better prognosis in
both disease-free and overall survival analyses (P 5 0.017 and
P 5 0.013, respectively). Patients with low CD31-MVD had the
worst prognosis (P 5 0.032 for disease-free survival analysis
and P 5 0.179 for overall survival analysis). Conclusion: There
is no positive correlation between 18F-FDG uptake and MVD de-
termined with panendothelial cell markers (CD31 and CD34); in

contrast, there is a marginally negative correlation between
them. MVD determined with CD105, which is a proliferation-
related endothelial cell marker, reflects active angiogenesis, cor-
relates positively with 18F-FDGuptake, and is a better indicator of
prognosis in lung adenocarcinomas.
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Lung cancer is the leading reason for cancer-related

deaths in Japan and most Western countries. Surgery is the
main method of therapy and also can be combined with
radiotherapy and chemotherapy. However, the mortality of
lung cancer is still very high; the 5-y survival expectation is
only 70%–80%, even in the very early stages (1,2). Adeno-
carcinoma is the most common histologic type of lung
cancer and accounts, to a great extent, for the increasing in-
cidence of lung cancer in recent years (3). The established
prognostic criteria for patients with non–small cell lung
carcinoma (NSCLC), such as pathologic stage, can serve as
a good indicator of a patient’s outcome; however, this
staging system does not determine accurately an individual
patient’s prognosis. Therefore, there is an urgent need to
identify and validate new molecular markers and imaging
techniques to better identify patients at risk for recurrent
disease and metastatic disease, so that patients who might
benefit from adjuvant therapy after surgery can be selected.

Tumor angiogenesis is an essential requirement for the

development, progression, and metastasis of malignant

tumors (4). Immunohistochemical staining measurements

of angiogenesis with antibodies to factor VIII, CD31,

CD34, or CD105 can be used to determine microvessel

density (MVD), an important prognostic factor that is

independent of other known prognostic variables in several
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cancer types (5), including lung cancer (6–12). However,
whereas some reports have found that MVD is an important
prognostic factor in lung cancer (6,7,10,12), some reports
have failed to do so (8,9,11). Therefore, although MVD
estimation has promising prognostic prospects, a consensus
as to whether MVD is a prognostic marker in lung cancer
has yet to be reached.

18F-FDG PET has been applied in many kinds of tumors
and is regarded as a good imaging technique for predicting
prognosis in some tumors (13,14), especially lung cancer
(15–19). In previous studies, it was demonstrated that 18F-
FDG uptake is a significant prognostic factor in patients
with NSCLC or adenocarcinoma (16,19)—and is even
better than pathologic stage (16 ). Furthermore, some stud-
ies showed that there is a significant correlation between
18F-FDG uptake and blood flow in breast cancer (20).
However, although tumor angiogenesis showed a correla-
tion with blood flow, the 2 factors are still quite different
from each other. To date, there has been no report regarding
the correlation between MVD and 18F-FDG uptake in lung
adenocarcinoma. Therefore, in the present study, we inves-
tigated not only whether tumor angiogenesis reflected by
MVD determined with CD31 or CD105 is a good prog-
nostic factor but also whether there is any correlation
between MVD and 18F-FDG uptake in patients with lung
adenocarcinoma.

MATERIALS AND METHODS

Patients
Forty-four patients (20 men and 24 women; age range, 47–82 y;

mean age, 65 y) with 45 lung adenocarcinomas were included in
this study. Twelve patients had bronchioloalveolar carcinoma
(BAC), 12 had well-differentiated adenocarcinoma, 14 had mod-
erately differentiated adenocarcinoma, 5 had poorly differentiated
adenocarcinoma, and 1 had 2 types of cancer (moderately differ-
entiated adenocarcinoma and poorly differentiated adenocarci-
noma). All patients underwent a thoracotomy within 4 wk after
their 18F-FDG PET study. No patient had received neoadjuvant
chemotherapy or radiotherapy before surgery. Final diagnoses
were established histologically (via the thoracotomy) in all
patients, and the pathologic stage of each tumor was recorded
with the TNM staging system. The sizes of the tumors were
determined from the resected specimens and ranged in diameter
from 1.2 to 5.5 cm. None of the patients had insulin-dependent
diabetes, and the serum glucose levels in all patients just before
18F-FDG injection were less than 120 mg/dL. Informed consent
was obtained from all patients participating in this study.

18F-FDG PET Imaging
18F-FDG PET was performed by use of a PET camera (Head-

tome IV; Shimadzu) with a 10-cm axial field of view. The
Headtome IV has 4 detector rings with 768 bismuth germanate
crystals per ring. It uses direct and cross-plane coincidence
detection to generate 14 slices per bed position. For the thorax,
2 bed positions (28 slices at 6.5-mm intervals) were obtained.
Reconstruction in a 128 · 128 matrix with a Hann filter (0.5
cutoff) yielded 5-mm intrinsic resolution at the center. Transmis-
sion scans were obtained in all subjects before 18F-FDG admin-

istration for attenuation correction with a 68Ge ring source. x-Ray
fluoroscopy was used to ascertain the location of the pulmonary
nodule, and marks were made on the skin to aid in positioning the
patient for the transmission scan. A transmission scan was
acquired for 10–20 min in each bed position, depending on the
specific radioactivity of the ring sources at the time of the study,
for at least 2 million counts per slice. During the transmission
scan, marks were made on the patient’s skin to aid in repositioning
for the emission scan. However, because of the limitation of the
available equipment, we could not perform respiratory gating to
avoid respiratory motion, which may affect the standardized
uptake value (SUV) to some degree. Blood (1 mL) was drawn
for baseline blood glucose estimation, and the data were recorded.
Immediately after the transmission scan, 18F-FDG was adminis-
tered intravenously. The average injected dose of 18F-FDG was
185 MBq. After a 40-min uptake period, the patient was repo-
sitioned in the scanner. An emission scan was acquired for 10 min
in each bed position; the process took a total of 20 min.

For semiquantitative analysis of 18F-FDG uptake, regions of
interest (ROIs) were manually defined on the transaxial tomo-
grams that showed the highest uptake to be in the middle of the
tumor. The ROIs placed on the lesions encompassed all pixels
within lesions that had uptake values of greater than 90% the
maximum uptake in that slice, and the average count rate in each
ROI was calculated. In patients in whom no nodules were de-
tectable by PET, the ROIs were extrapolated from chest CT scans.
After correction for radioactive decay, we analyzed the ROIs by
computing the SUVs as follows: PET counts per pixel per second
times calibration factor per injected dose (MBq) per kilogram of
body weight, where the calibration factor was (MBq/mL)/(counts/
pixel/s).

Immunohistochemical Analysis
Immunohistochemical Analysis with a Panendothelial Cell

Marker. Monoclonal antibody (mAb) JC70 (Dako), recognizing
panendothelial cell antigen CD31 (platelet/endothelial cell adhe-
sion molecule), was used for microvessel staining of 5-mm
paraffin-embedded sections. Sections were dewaxed, rehydrated,
and microwaved (3 times for 4 min each time) for antigen
retrieval. Endogenous peroxidase activity was blocked by incuba-
tion in 0.3% hydrogen peroxide in methanol. Nonspecific protein
binding was inhibited by treatment with 10% normal serum for 10
min at 37�C. The specimens then were incubated with mAb JC70
overnight at 4�C. The slides were preincubated and rinsed in
phosphate-buffered saline and then treated with the biotinylated
secondary antibody and peroxidase-conjugated streptavidin. The
final reaction product was revealed by exposure to 0.03%
diaminobenzidine, and the nuclei were counterstained with Mayer
hematoxylin. As a negative control, appropriately diluted nonim-
mune sera were applied instead of the primary antibody.

Immunohistochemical Analysis with a Proliferation-Related
Endothelial Cell Marker. CD105 was stained with mAb SN6 h
(1:100; Dako) (21) by use of a sensitive immunohistochemical
staining system (CSA System; Dako). All of the procedures were
performed in accordance with the manufacturer’s protocol. Sec-
tions were incubated with the anti-CD105 mAb diluted 1:100 for
1 h at room temperature. Normal mouse IgG was used instead of
the primary antibody as a negative control.

Double-Labeling Immunohistochemical Technique for CD34
and a-SMA. A double-labeling immunohistochemical technique
with a specific double-labeling kit (Envision1 System; Dako) was
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used to simultaneously stain endothelial cells (CD34) and mural
cells (a-SMA) (22) to quantitatively assess the pericyte coverage
of microvessels. Peroxidase activity was blocked in deparaffinized
and rehydrated tissue sections, and the sections were trypsinized,
incubated with blocking serum, and then doubly stained for CD34
to label endothelial cells and for a-SMA to detect pericytes and
smooth muscle cell expression. For CD34 staining, sections were
incubated with a mouse mAb (clone BI-3C5, 1:50 dilution; Zymed)
overnight at 4�C. A biotinylated secondary antibody, streptavidin–
alkaline phosphatase complex, and diaminobenzidine as a substrate
were used to visualize binding of the CD34 antibody. For subse-
quent staining of a-SMA, sections were incubated with a mouse
anti–human a-SMA mAb (clone 1A4, 1:50 dilution; Sigma) for 2 h
at room temperature. The color was developed by 20 min of
incubation with new fuchsin solution.

Assessment of MVD
Assessment of MVD was performed by computer-assisted

image analysis as suggested previously but with some modifica-
tions (23,24). Vessels with a clearly defined lumen or well-defined
linear vessel shape but not single endothelial cells were considered
for microvessel assessment. The areas with the highest vascular-
ization were scanned and chosen at low power (·100), and 4
chosen ·200 fields with the highest vascularization were recorded
with a digital camera. The captured images were 24 bit and had a
resolution of 2,272 · 1,704 pixels. Adobe Photoshop (version 6.0;
Adobe Systems Inc.) was used to outline microvessels and convert
the images into binary, black-and-white images; the converted
images were imported into the image analysis package NIH image
1.62 (http://rsb.info.nih.gov/nih-image/) to calculate the percent-
age of stained microvessel area corresponding to the total section
area. The average MVDs of the 4 selected areas were grouped into
3 grade categories. For CD31 staining of MVD (CD31-MVD), the
categories were as follows: low, 0%–4%; moderate, 4%–8%; and
high, .8%. For CD105 staining of MVD (CD105-MVD), the
categories were as follows: low, 0%–0.8%; moderate, 0.8%–1.6%;
and high, .1.6%.

Statistical Methods
All data are reported as the mean 6 1 SD. All statistical anal-

yses were performed with SPSS for Windows (version 12.0;
SPSS Inc.). The x-square test was used to compare the distribu-
tions of values across categoric variables. Differences between
continuous variables and dichotomous variables were tested by
1-way ANOVA. Overall and disease-free survival probabilities
were calculated with the Kaplan–Meier life table method. Differ-
ences between survival probabilities were analyzed by the log-
rank test. Probability values of less than 0.05 were considered
statistically significant.

RESULTS

Vascular Architecture in Lung Adenocarcinomas

On the basis of the immunohistochemical staining results
obtained with antibody against CD31, the vascular archi-
tecture in lung adenocarcinomas usually can be classified
into 3 kinds of patterns: diffuse, alveolar, and mixed. The
diffuse pattern is an angiogenic pattern. Normal lung archi-
tecture is replaced diffusely. Vessels and stroma are scattered
randomly throughout the tumor (Fig. 1A). The alveolar
pattern is a nonangiogenic pattern. Tumor cells fill up the

alveoli, exploiting the existing alveolar vessels instead of
destroying them (Fig. 1B). The mixed pattern consists of
both diffuse and alveolar patterns.

Comparison Between CD34/a-SMA and CD105

For serial sections of lung adenocarcinomas, we com-
pared immunohistochemical staining by mAbs against
CD34 (Fig. 2A) and CD105 (Fig. 2B). For CD34 staining,
we used a double-labeling technique, staining CD34-
positive vessels and vascular pericytes simultaneously. Be-
cause the mAb against a-SMA is targeted specifically to
pericytes and smooth muscle cells (22), vessels with a-SMA
expression are mature vessels, and vessels without a-SMA
expression are newly formed immature vessels. The total
vessel number is usually much higher with CD34 staining
and lower with CD105 staining in the same sample;
however, as shown in Figure 2, CD34 staining was seen
for both mature and immature vessels, whereas CD105
staining was seen mainly for immature vessels. Staining by
a mAb against CD31 showed results similar to those for
CD34; both mature and immature vessels were stained in
the tumors.

Correlation Between MVD and Clinicopathologic
Parameters

Table 1 shows the results of a comparison of CD31-
MVD and CD105-MVD with clinicopathologic parameters.
CD31-MVD showed a correlation with patient age (P 5

0.042), sex (P 5 0.049), and histologic findings (P 5

0.017), whereas CD105-MVD showed a correlation with
stage (P 5 0.004), tumor size (P 5 0.031), and histologic
findings (P 5 0.007). Our data showed that solitary BAC, a

FIGURE 1. (A) Adenocarcinoma with diffuse pattern stained
by mAb to CD31. Normal structure was destroyed, and vessels
were randomly and diffusely distributed throughout tumor. (B)
Adenocarcinoma with alveolar pattern stained by mAb to CD31.
Vessels (arrows) in alveolar pattern area were in original
distribution; tumor cells filled up alveoli instead of destroying
them. (C) Normal alveoli. (D) Consecutive section of same tumor
as in B stained by mAb to CD105. Trapped vessels showed
negative staining (arrows).
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subcategory of lung adenocarcinoma with a good prognosis
and an MVD that is different from those of other types of
adenocarcinoma, had moderate or high CD31-MVD and
CD34-MVD but low CD105-MVD.

Correlation Between MVD and 18F-FDG Uptake

Figure 3 shows the correlation of CD31-MVD and CD105-
MVD with 18F-FDG uptake. 18F-FDG uptake showed a mar-
ginally negative correlation with CD31-MVD (P 5 0.057),
whereas it showed a significantly positive correlation with
CD105-MVD (P , 0.0001).

Correlation Between MVD and Postoperative Prognosis

Using the Kaplan–Meier method, we analyzed the prog-
nostic impact of CD31-MVD and CD105-MVD in lung
adenocarcinomas (Fig. 4). Patients with moderate CD31-
MVD had the best disease-free and overall survival prob-
abilities, and patients with low CD31-MVD had the worst

prognosis (P 5 0.032 for disease-free survival analysis and
P 5 0.179 for overall analysis). CD105-MVD correlated
negatively with prognosis; patients with low CD105-MVD
had the best disease-free and overall survival probabilities
(P 5 0.017 and P 5 0.013, respectively).

Figures 5 and 6 show 2 representative cases in this study.

DISCUSSION

The present study demonstrated that there is no positive
correlation between 18F-FDG uptake and MVD determined
with panendothelial cell markers (CD31 and CD34); in
contrast, there is a marginally negative correlation between
them. Furthermore, MVD determined with CD105, which
is a proliferation-related endothelial cell marker, reflects
active angiogenesis, correlates positively with 18F-FDG
uptake, and is a better indicator of prognosis in lung
adenocarcinomas.

Angiogenesis is essential for neoplastic proliferation,
progression, invasion, and metastasis because solid tumors
cannot grow beyond 1–2 mm in diameter without angio-
genesis (25). MVD is assumed to reflect the intensity of
tumor angiogenesis; indeed, it has been established as a
good indicator of prognosis in several cancer types (5).
However, conflicting results on the prognostic impact of
MVD in lung cancer make it difficult to determine the
prognostic importance of tumor angiogenesis in lung can-
cer (6–12). Variations in survival results among studies
could be explained by the heterogeneity in methodologies
used to stain and count microvessels in tumors in addition
to variations in patient populations. Differences in reactiv-
ity between anti–endothelial cell antibodies used to high-
light intratumoral microvessels represent a major bias that
should be considered. Although antibodies to CD31 and

FIGURE 2. Comparison between CD34/a-SMA double label-
ing and CD105 in serial sections. (A) Double labeling of CD34
(arrow) and a-SMA (arrowheads). Left vessel was immature
vessel showing staining only with CD34. Right vessel was
mature vessel showing staining with both CD34 and a-SMA. (B)
CD105 staining. Only left, immature vessel was positive for
CD105 (arrow). Right, mature vessel was negative for CD105
(double arrows).

TABLE 1
Relationship of Clinicopathologic Parameters to MVD

Parameter

CD31-MVD*

P

CD105-MVD*

PLow Moderate High Low Moderate High

Age 0.042 0.254
#65 10 9 3 11 5 6

.65 4 9 10 6 8 9

Sex 0.049 0.376
Male 10 5 6 6 6 9

Female 4 13 7 11 7 6

Stage 0.223 0.004

I 11 13 7 16 9 6
II, III 3 2 5 0 3 7

Size 0.234 0.031

#3 cm 8 14 11 16 9 8

.3 cm 6 4 2 1 4 7
Histologic findings 0.017 0.007

BAC 0 8 4 9 2 1

Non-BAC 14 10 9 8 11 14

*Data are reported as number of tumors.

Non-BAC 5 well-differentiated adenocarcinoma, moderately differentiated adenocarcinoma, and poorly differentiated adenocarcinoma.
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CD34 are recommended as standard antibodies for assess-
ing MVD in solid tumors (26,27 ), the variations among
studies with these antibodies imply their limitations in lung
cancer.

Endothelium in healthy adults is considered quiescent
because the turnover of endothelial cells is very low (28).
However, endothelial cells of tumor-associated neovascu-
lature proliferate 20–2,000 times more rapidly than do
endothelial cells of normal tissues (29). CD105 (endoglin)
is a homodimeric cell membrane glycoprotein expressed on
endothelial cells and is thought to be a proliferation-
associated marker of endothelial cells (30,31). In fact, a
correlation has been found between levels of CD105
expression and markers of cell proliferation (i.e., cyclin A
and Ki-67) in tumor endothelia (32), and some studies have
indicated that a greater intensity of staining for CD105 is
detectable in blood vessel endothelia within neoplastic
tissues than in those within normal tissues (31,33). Consis-
tent with these findings, CD105 has been shown to repre-
sent an ideal marker for quantifying tumor angiogenesis
and to be an independent indicator of prognosis in some
tumors (34,35), including lung cancer (21).

In the present study, by comparing staining results for
CD105 and CD34/a-SMA in serial sections of lung ade-
nocarcinomas, we found that CD105 was expressed spe-
cifically in immature vessels but not in mature vessels. In
areas with an alveolar pattern, we could see clearly the
difference between CD31 expression and CD105 expres-
sion. The trapped vessels were in the same distribution as in
normal alveoli; however, these kinds of vessels were CD31
positive but CD105 negative. Taken together, these findings
indicated the following. First, there may be a different mech-
anism of tumor angiogenesis in lung adenocarcinomas—
involving tumor cells filling the alveolar spaces and
entrapping, but not destroying, the alveolar septa and

co-opting the preexisting blood vessels. Second, because
of the presence of the alveolar pattern, comparing the
proliferation-related endothelial cell marker CD105 with
panendothelial cell markers, such as factor VIII, CD31, and
CD34, may not reflect exactly the tumor-associated neo-
vasculature; this may be one of the explanations for the
conflicting results regarding MVD studies in lung cancer.
Third, although there is a marginally significant correlation
between CD31-MVD and prognosis, CD105-MVD has a
much more significant prognostic impact than does CD31-
MVD; therefore, CD105-MVD is a much better indicator of
prognosis in lung adenocarcinomas.

Furthermore, we also found that BAC usually has mod-
erate or high CD31-MVD and CD34-MVD but low CD105-
MVD. BAC, as a subcategory of lung adenocarcinoma, has
a fairly good prognosis for surgically treated patients. The
key pathologic feature of BAC is preservation of the
underlying architecture of the lung, with cylindric tumor
cells growing on the walls of preexisting alveoli. Therefore,
because CD31 and CD34 staining was seen for both mature
and immature vessels, it is reasonable to assume that the
moderate or high CD31-MVD and CD34-MVD involved
mainly preexisting vessels; serial sections stained with
CD105 further proved that those vessels were negative for
CD105. Although the pathophysiologic impact of preexist-
ing vessels for tumor progression is still unclear, it seems
that these kinds of vessels make no contribution to 18F-
FDG uptake in lung adenocarcinomas, because most soli-
tary BACs are almost negative in 18F-FDG PET (36 ), even
though these BACs have moderate or high CD31-MVD and
CD34-MVD.

Regarding the correlation between 18F-FDG uptake and
MVD in NSCLC, only 1 previous study mentioned a pos-
itive correlation between 18F-FDG uptake and CD34-MVD
(37). The present study is the first research concentrating

FIGURE 3. (A) CD31-MVD showed negative correlation with 18F-FDG uptake (P 5 0.057). (B) CD105-MVD showed significantly
positive correlation with 18F-FDG uptake (P , 0.0001).
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on the correlation in lung adenocarcinomas. In contrast to
that previous study, our findings suggested that 18F-FDG
uptake shows a marginally negative correlation with
CD31-MVD but a significantly positive correlation with
CD105-MVD. However, the underlying mechanism of this

difference is still unclear, and further study is warranted.
Although the prognostic impact of MVD in NSCLC is
complicated and further study is needed, a new treatment
for malignant tumors (antiangiogenic therapy) recently pro-
vided new hope for cancer therapy (38). Therefore, there is

FIGURE 4. Kaplan–Meier survival
curves based on MVDs in lung adeno-
carcinomas. Patients with low CD31-
MVD had worst disease-free and overall
survival probabilities (A and C), whereas
patients with low CD105-MVD had best
disease-free and overall survival proba-
bilities (B and D).

FIGURE 5. Moderately differentiated adenocarcinoma (2.9
cm) with recurrence in 23 mo. (A) CT scan shows nodule in left
lung. (B) 18F-FDG PET shows intense uptake of 18F-FDG in
tumor (SUV 5 5.76). (C) CD31 immunohistochemical analysis
shows high MVD. (D) CD105 immunohistochemical analysis
also shows high MVD.

FIGURE 6. BAC (2.0 cm) without recurrence in 50 mo. (A) CT
scan shows nodule in right lung. (B) 18F-FDG PET shows
modest uptake of 18F-FDG in tumor (SUV 5 1.32). (C) CD31
immunohistochemical analysis shows moderate MVD. (D)
CD105 immunohistochemical analysis shows low MVD.
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an urgent need for assessing pretreatment angiogenic status
and evaluating the response to this therapy in clinical
studies. In the present study, we found that 18F-FDG uptake
not only can reflect the angiogenic status in lung adeno-
carcinomas but also, and more importantly, can reflect
active angiogenesis in lung adenocarcinomas. These prop-
erties may have further applications in assessing and
monitoring antiangiogenic therapy in the near future.

CONCLUSION

In contrast to CD31-MVD, CD105-MVD reflects active
tumor angiogenesis and is a better indicator of prognosis in
patients with lung adenocarcinomas. 18F-FDG uptake cor-
related significantly with the active angiogenesis deter-
mined by CD105-MVD. This property may have applications
in assessing and monitoring antiangiogenic therapy.
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