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Abstract

AlM: To study the difference of microvessel density (MVD)
between malignant and benign hepatic lesions and study
the relationship between MVD and dynamic enhanced
magnetic resonance imaging (MRI) for evaluation of
microvessels within malignant and benign hepatic lesions.

METHODS: A total of 265 specimens of hepatocellular
carcinoma (HCC), 122 cirrhosis tissues and 22 hepatic benign
lesions were enrolled for MVD by immunohistochemistry
on tissue microarray, of which 49 underwent MRI
examination before surgery, then contrast-to-noise ratios
(CNR) and enhancement index (EI) in all the phases were
calculated. Pearson correlation was performed for correlation
analysis between CNR, El and MVD.

RESULTS: MVD of HCC was 22.7+15.8 (mean+SD), which
was obviously higher than that of cirrhosis tissue (8.317.6,
P<0.01), but was not statistically different from that of benign
lesions (31.3+22.7, P>0.05). Among HCC, MVD of gradesl-
Il was 29.9+18.6, which was much higher than those of
grade 11l (22.2+18.2, P<0.01) and gradelV (22.9+19.0,
P<0.01). MVD of HCC (P=0.018) and of benign lesions
(P=0.014) were both correlative with CNR in arterial phase.

CONCLUSION: Neoangiogenesis is an important feature
for malignant tumor, and MVD may act as a biological
marker in differentiating malignant from benign hepatic
lesions. Dynamic enhanced MRI, especially image in arterial
phase, may act as an MVD evaluation criterion for malignant
and benign hepatic lesions.

Lu JP, Wang J, Wang T, Wang Y, Wu WQ, Gao L. Microvessel
density of malignant and benign hepatic lesions and MRI
evaluation. World J Gastroenterol 2004; 10(12): 1730-1734

http://www.wjgnet.com/1007-9327/10/1730.asp

INTRODUCTION

It iswell known that hepatocellular carcinoma (HCC) isatype
of hypervascular lesion!®, but there were seldom reports on

difference of microvessel density (MVD) between HCC and
benign hepatic lesions. The tissue microarray, which has been
developed recently as a high-throughput technique for rapid
scanning hundreds or thousands of samples at the same time,
can be applied in analyzing expression of some DNA, RNA or
proteini?. Inthisresearch, differencesof MV D of alarge number
of hepatic malignant and benign lesionswere studied with tissue
microarray, which further demonstrated somebiological features
of HCC.

Recent advancesin magnetic resonanceimaging (MRI) have
led to the establishment of fast scan techniques, which, combined
with bolusinjection of contrast material, allows the acquisition
of dynamic enhanced MRI for higher confident detection of
HCC!®¥, There have been reports on correl ation among digital
subtraction angiography (DSA), ultrasound angiography
(USAG), computed tomography during arterial portography
(CTAP) and immunohistochemical findings'®, but the
relationship between MV D and dynamic MRI has been seldom
reported. In this research, correlation between MVD and
dynamic enhanced MRI of hepatic malignant and benign
lesionswas studied in order to establish atheoretical foundation
for microvessels evaluation within these lesions with MRI
images, which will give more referencesto clinical diagnosisor
HCC therapy.

MATERIALS AND METHODS

Tissue specimens

Tissue specimens were obtained at surgery from Eastern
Hepatobiliary Surgery Institute, including 265 of HCC, 122
of cirrhosistissue adjacent to carcinoma, 5 of hepatocellular
adenoma and 17 of focal nodular hyperplasia (FNH). The
265 specimens of HCC included 45 of small HCC (tumor
diameter<3 cm). All the case of HCC were graded by
Edmondson-Steiner’ spathological criteriainto 3 groups: grades
I-11 (37 cases), gradel ] (218 cases) and grade |V (10 cases). All
the specimens were fixed in 10% formalin and embedded in
paraffin. All the pathologic diagnoses were confirmed by two
the pathologists.

Constructing tissue microarray

For tissuemicroarray congtruction, ahematoxylinand eosin (H& E)-
stained section was made from each block to define representative
regions. With a tissue-microarray-constructor (Beecher
Instruments, Silver Spring, MD), a hole (diameter=6 mm) was
punched into arecipient paraffin block, and then a cylindrical
core sample (diameter=6 mm), which had been punched from
the donor tissue block, was deposited into the hole. This
process was repeated till all the samples were deposited into
therecipient block. After finishing the recipient block, multiple
sections were cut from the block with amicrotome.

Immunohistochemical staining and evaluation criteria

Avidin-biotin-peroxidase complex (ABC) method was used for
immunohistochemical staining with monoclonal antibody CD-
34 (Antibody DignogticInc., U.SA.). After staining, thetubular,
sSnusoidal, cystiform or vacuolar structures shaped by endothelial
cells or immature endothelia cells, which were stained yellow
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or brown by CD34, were considered as positive microvessels.
In high power microscopic views, all the positive microvessels
were counted for MVD.

MRI technique

Forty-eight patients with 49 of the lesions underwent MRI

examination before surgery, including 33 HCC (only one
belonged to grade |V, and the others belonged to grade 111 and
all diameters were<3 cm) and 16 benign lesions. MRI was
performed with a 1.5 T system (Symphony, Siemens) and a
phased array coil was used. All the patients underwent axial T1
weighted (fast low angle shot, FLASH, TR=123ms, TE=4.8ms),

T2 weighted (half-fourier acquisition single-shot turbo spin
echo, HASTE, TR=1200 ms, TE=57 ms) and multiphasedynamic
gadolinium-DTPA enhanced (the same sequence as T1 weighted)

imaging. The section thicknesswas 8 mm, with an intersection
gap of 0.5-2mm. Thecontrast materid dosewas0.2 mmol/kgb.w.

and was administered as a rapid bolus. Arterial phase images
were obtained in 15-20 s after the start of bolus administration.

Portal venous and equilibrium phase images were obtained in
the 45 sand 90 s, respectively.

Image analyses

Indl theimages, sgnd intendtiesof lesons(S)), liver parenchyma
(Sl,) and background noise (S,) were evaluated, respectively.
Signal-to-noiseratios (SNR) of lesions and parenchymawere
both calculated as SNR=Sl,,,/Sl .. Contrast-to-noiseratios (CNR)
in all the phases were calculated as CNR=SNR-SNR,.
Enhancement indexes (El) of lesionsin all the phases were
CaICUIataj as EI = (SN Rcontrasled'SN Runcontrased)/ SN Runcontrased-

Statistical analyses

All datawere analyzed by SPSS 9.0. Analysis of variance was
used to determine significant differences of MV D among HCC,
cirrhosis and benign lesion, of MVD of HCC among different
pathological grades and tumor diameters, and of CNR between
HCC and benign lesion among nonenhanced, arterial, portal
venous and equilibrium phases. Pearson correlation was
performed for correlation anaysisamong CNRs, Elsand MVD
in arterial, portal venous and equilibrium phases of HCC or

benign lesion, respectively.

RESULTS

Outcome of tissue microarray constructing, immunohistochemical
staining and MR

Overview of apiece of tissue microarray isshown in Figure 1.
Microvessel density stained by immunohistochemistry and
dynamic MR images of HCC, hepatocd lular adenomaand FNH
areshownin Figures 2, 3 and 4, respectively.

LA S |

Figure 1 Overview of a piece of tissue microarray including
234 samples (HE staining).

Table 1 MVD of malignant and benign liver lesions

Number MVD (meanzSD)
HCC 265 22.7+15.8°
Cirrhosis 122 8.3+7.6
Benign lesion 22 31.3+22.7

bP<0.01 vs cirrhosis.

MVD of hepatic benign and malignant lesions

MVD of HCC was significantly higher than that of cirrhosis,
but there was no significant difference between those of HCC
and of benign lesions (Table 1).

Figure 2 HCC in right lobar of liver. A: Microvessel density, stained by CD34 (Original magnification: x200); B: MR image, T1
weighted, nonenhanced, CNR=-1.50; C: MR image, arterial phase, CNR=11.00; D: MR image, portal venous phase, CNR=10.50;

E: MR image, equilibrium phase, CNR=-6.00.
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Figure 3 Hepatocellular adenoma in right lobar of liver. A: Microvessel density, stained by CD34 (Original magnification: x200); B:
MR image, T1 weighted, nonenhanced, CNR=-0.10; C: MR image, arterial phase, CNR=16.93; D: MR image, portal venous phase,

CNR=9.42; E: MR image, equilibrium phase, CNR=6.42.

Figure 4 FNH in left inner lobar of liver. A: Microvessel density, stained by CD34 (Original magnification: x200); B: MR image, T1
weighted, nonenhanced, CNR=-3.48; C: MR image, arterial phase, CNR=15.43; D: MR image, portal venous phase, CNR=5.81;
E: MR image, equilibrium phase, CNR=2.97.

MVD of HCC among different pathological grades and tumor sizes
MV D of grades|-Il was29.9+18.6 (mean+SD), which wasmuch
higher than those of grade Il (22.2+18.2, P<0.01) and grade 1V
(22.9+19.0, P<0.01). Therewasno significant differenceinMVD
between smal HCC (26.1+115.3) and thoseHCC whosediameters
weremorethan 3cm (22.1+15.8).

CNR of HCC and benign lesion in all the phases
CNRsof HCC and benign lesion in T1 weighted nonenhanced,
arterial, portal venous and equilibrium phases are shown in

Table 2. There was significant difference among al the phases
(F=9.761, P<0.001), but no significant difference among
nonenhanced, portal venous and equilibrium phases (P=0.279)
or between HCC and benign lesion (F=0.380, P=0.539).

Correlation between MVD and CNRs

Forty-eight patients with 49 of the lesions underwent MRI
examination before surgery, including 33 HCC (only one
belonged to grade |V, and the others belonged to grade 111 and
al the diameters were<<3 cm) and 16 benign lesions. Pearson



Lu JP et al. Microvessel density of hepatic lesions and MRI

1733

Corréation coefficientsamongMVD and CNRsof HCCinarterid,
portal venous and equilibrium phaseswere 0.409 (P=0.018),
0.264 (P=0.138) and 0.212 (P=0.236), respectively, whilePearson
Correlation coefficients between MVD and CNRs of benign
lesionsin arterial, portal venous and equilibrium phases were
0.599(P=0.014),0.581 (P=0.018) and 0.540 (P=0.031), respectively.

Table 2 CNR of HCC and benign lesion (meanzSD)

Nonenhanced  Arterial  Portal venous  Equilibrium
phase phase phases
HCC
(n=33) -2.86+2.94 3.8845.63  -1.43+8.39 -1.08+2.80
Benign lesion
(n=16) -2.91+2.79 2.1249.08 -2.05+8.56 -0.92+6.59

Correlation between MVD and Els

Pearson Correlation coefficients between MVD and Els of the
33 specimensof HCC in arterial, portal venous and equilibrium
phaseswere0.155(P=0.389), 0.072 (P=0.692) and-0.122 (P=0.497),
respectively, while Pearson Correlation coefficients between
MVD and Els of the 16 specimens of benign lesions in
arterial, portal venous and equilibrium phases were 0.077
(P=0.776), 0.180 (P=0.506) and-0.062 (P=0.821), respectively.

DISCUSSION

Utilization of tissue microarray technique in detecting nucleic
acid and protein has recently made great progress in basic
research of tumor. A large number of samplesin one section of
tissue microarray can be stained under the same pre-treatment
condition, the same antibody titer and the same detection
systems. And reproducibility of the staining reaction, as well
as the speed and reliability of the interpretation, isimproved,
since all the samples are on the same dide’8. Then, quickly
and efficiently scanning agreat number of specimenswith tissue
microarray can reduce mistakes not only from sample selecting
and statistical analysis but also from tumor heterogeneity. In
MVD counting, utilization of tissue microarray can standardize
sample areas and overcome manual deviation. In this research,
tissuemicroarray technigue, combined withimmunohistochemistry,
was used to study difference of MV D between malignant and
benign hepatic lesions in order to further demonstrate some
biological features of these lesions.

CD34, whichisexpressed in blood stem cells and neovessel
endothelia cdlls, isthemogt digtinctive marker for demonstrating
vessel endothelial cellg*?, especially for demonstrating
sinusoid-like vessels in tumor tissued**4. Angiogenesis is
very common within normal and pathologic tissues and is
regulated by many factors, such as hypoxia-inducible factor
lalpha (HIF-1a), vascular endothelial growth factor (VEGF),
human macrophage metall oelastase (HME), basic fibroblast
growth factor (bFGF) and so on'**9, Vessels, as an important
part of tumorousinterstitial tissue, interact with tumor cellsto
construct microenvironment of tumor. Researches showed that
angiogenesisplaysanimportant rolein tumor invasion™, MVD
isanovel prognostic marker in patients after resection of small
HCC820 and high expression of CD34-positive sinusoidal
endothelial cdlsisarisk factor for HCCin patientswith chronic
liver diseases?!. Sun et al.™® reported that MV D level was not
related to tumor size, capsule status, Edmondson-Steiner’ s
grade, alpha-fetoprotein (AFP) level, associated cirrhosis,
gamma-glutamyltransferase and serum HBsA(Q status.
Yamamoto et al.'*? demonstrated that sinusoidal capillarization
occurringinwell-differentiated HCC isrelated to dedifferentiation
of parenchymal tumor cells, but not to tumor size. But some
reports showed that tumor size, poor differentiation and portal
invasion are significantly related to MV D™23, | n thisresearch,

MVD of HCC was significantly higher than that of cirrhosis,
but there was no significant difference between those of HCC
and of benign lesion, which probably means that microvessels
play an important role not only in occurrence and development
of HCC, but also in some other benign lesions, thus may be
helpful to identify malignant lesions or precancerous lesions
(for example, high-grade dysplastic nodule) from regenerative
nodules or low-grade dysplastic nodules®#!, MVD in grades
I-11 was higher than thosein grade 111 and grade 1V, suggesting
that angiogenesis is more active during the beginning of
hepatocarcinogenesis.

DSA and CTAP have been used for assessing angiogenesis
of HCC, but these examinations are all invasive and expensive
with dangerousnesses of ionized radiation and allergy induced by
iodic contrast material. Shimizu et al .'* used xenon-enhanced
CT to quantitatively measure tissue blood flow in HCC, but
xenon isakind of scarce gas. Compared with DSA, CTAPand
xenon-enhanced CT, MRI isuninvasive, safe, rapid, and cheap.
Gadolinium hasastrong hydrogen-proton spin-latticerelaxation
effect, which will increase the signal intensity of adjacent tissue
on T1 weighted images. The MRI contrast agent, gadolinium-
DTPA, does not penetrate cell membrane and only diffuses
into vascular space and interstitial space, which may reveal
that the signal intensity of tissue on enhanced T1 weighted
imageiscorrelated with thevascularity. There have been reports
on correlation of dynamic contrast enhancement MRI withMVD
in prostate cancer and in breast cancer!?2, With development
of fast scan technique, rapid MRI is available to image the
wholeliver during the arteria phase®. Inthisresearch, CNRin
arterial phase, regardless of malignant or benign lesions, was
correlativewith MVD. SinceMV D of HCCismuch higher than
that of cirrhosis, arterial phaseimages of MRI could be a useful
method to distinguish HCC from regenerative nodules. Some
reports have confirmed thisview!®. In thisresearch, CNR of
HCC in portal venous or equilibrium phase was not correlated
with MV D. This phenomenon probably demonstratesthat CNR
is regulated by many factors besides MVD. Reports have
shown that with small HCC increasing in size and becoming
increasingly dedifferentiated, the number of portal tracts
apparently decreases and intratumoral arteriole devel ops?#,
Because of portal tracts decreasing and intratumoral arteriols
developing, therewas no unified blood supply in HCC nodules,
which would not demonstrate unified relationship between
MVD and CNR in portal venous or equilibrium phase. There
was no change of blood supply in benign nodules, so unified
relationship between MVD and CNR in portal venous or
equilibrium phase was demonstrated. CNR in arterial phaseis
mostly regulated by MV D, whilein portal venousor equilibrium
phase, blood supply playsamoreimportant role. Thishypothesis
should be tested by advanced research.

In conclusion, angiogenesisis secondary to occurrence and
development of benign and malignant tumors. Since dynamic
MRI could evaluate microvessel of lesions, it isavery useful
method to demonstrate HCC.
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