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Abstract

Background: Magnetic resonance imaging (MRI) can provide a reference for tumor treatment and its quantitative parameters can
serve as imaging indicators that reflect tumor angiogenesis and vascularity. Kanglaite (KLT) has therapeutic effects on cancers. In
this study, DCE-MRI was used to investigate its application in evaluating KLT anti-colorectal cancer.
Objectives: Evaluating the efficacy of Kanglaite (KLT) injection for treatment of colorectal cancer with dynamic contrast-enhanced
MRI (DCE-MRI) parameters.
Methods: This study was an experimental study. The 20 successfully modeled nude mice were randomly assigned to 2 groups:
blank control group (n = 10) and the KLT injection group (n = 10). The research protocol was approved by the ethics committee of
the second affiliated hospital of Xinjiang medical university (protocol NO: 20140216-12) in 2015. A subcutaneous xenograft colorectal
tumor model was subjected to KLT treatment. DCE-MRI obtain the parameters including Ktrans, Ve, Kep, Vp, immunohistochemical
staining measure microvascular density (MVD), levels of vascular endothelial growth factor (VEGF), and proliferating cell nuclear
antigen (PCNA).
Results: Compared to the blank control, the volume of tumor in the KLT group markedly reduced by 49%. 48 hours after, compared
to the blank control, the Ktrans (0.028± 0.009 vs 0.012± 0.006), Ve (0.312± 0.089 vs 0.287± 0.037), and Kep values (0.321± 0.056
vs 0.577 ± 0.033) decreased in KLT group (P < 0.05). In contrast, the Vp value (0.094 ± 0.037 vs 0.043 ± 0.017) was significantly
elevated in the KLT group (P < 0.05). There is a correlation between Ktrans, Kep and VEGF score, MVD count, and PCNA score.
Conclusions: The parameters of DCE-MRI may be used as imaging biomarkers for assessing the status of tumor-bearing vasculatures
and provide a basis for evaluating the efficacy of anti-tumor drugs.
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1. Background

Numerous studies have shown that the Chinese
medicine Kanglaite (KLT) has therapeutic effects on ad-
vanced lung, liver, and colorectal cancers, as well as other
effects in regulating cell proliferation and the immune
system (1). With the gradual integration of modern
medicine and traditional Chinese medicine, many tra-
ditional Chinese medicines with anti-tumor properties
could be developed to benefit cancer patients. Therefore,
continuous real-time monitoring of the therapeutic ef-
ficacy against tumors is paramount to the development
of anti-tumor drugs and the study of their mechanisms.
Pathological examination is the current gold standard for
diagnosing malignant tumors and has been widely used
in the clinical setting. However, the extraction of pathol-
ogy samples is traumatic for patients, hence, it cannot be
repeatedly obtained. Meanwhile, the determination of a

drug’s optimal duration of activity, concentration, ther-
apeutic efficacy, and side effects during anti-tumor drug
development as well as clinical trials requires effective
real-time monitoring of tumor changes, which cannot
be done with pathological examination alone (2, 3). Mag-
netic resonance imaging (MRI) can provide a reference
for tumor diagnosis, treatment, and prognosis, and its
quantitative parameters can serve as imaging indicators
that reflect tumor angiogenesis and vascularity (4, 5). In
this study, DCE-MRI was used to investigate its application
in evaluating the anti-colorectal cancer efficacy of KLT
treatment.
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2. Methods

2.1. Ethics Statement

The research protocol was approved by the ethics com-
mittee of the second affiliated hospital of Xinjiang medical
university (protocol NO: 20140216-12) in 2015. All the ani-
mals were provided appropriate informed consent.

2.2. Animals and Groups

This study was an experimental study. BALB/c-nu mice
(n = 20) were injected subcutaneously with the human col-
orectal cancer HT-29 cells. A significant bulge with a vol-
ume of 300 mm3 was observed at the graft site after 15
days. The tumor had a hard texture, low flexibility, and
was closely bound to the skin. The 20 successfully modeled
nude mice were randomly assigned to 2 groups: 10 mice in
the blank control group and the other 10 in the KLT injec-
tion group. Animals were provided by the SPF animal lab-
oratory of the Shanghai institutes for biological sciences.
All animals were healthy and handled with standard con-
ditions of temperature, humidity, 12 hours light/dark cy-
cle, free access to food as well as water, and without any
intended stress stimuli. All experimental procedures were
approved by the animal ethics committee of the second af-
filiated hospital of Xinjiang medical university. The study
was performed during February 2014 to February 2016 in
Urumqi city, Xinjiang, China.

Sample size formula: N = 2 × [(1.96 + 1.282) × S/X]2. S:
standard deviation; X: mean difference

2.3. MRI Detection Time and Equipment

MRI scans were performed 15 days after modeling with
the 3.0 T Tim Avanto MRI scanner (Siemens, Germany) and
the 25 mm RF coil dedicated for experimental animal use
(developed by Shanghai Chenguang medical technologies
Co, LTD.; patent #: ZL201020236347.3). The MRI scan se-
quences and parameters are as follows: T1WI-TSE sequence:
TR = 280, TE = 18, slice thickness = 2 mm, inter-slice dis-
tance = 0.0 mm, slices = 10, FOV = 70, number of signal
averages (NSA) = 3, and matrix = 256 × 256. T2WI-TSE se-
quence: TR = 3000, TE = 82, slice thickness = 2 mm, inter-
slice distance = 0.0 mm, slices = 10, FOV = 70, NSA = 3,
and matrix = 512 × 512. DCE scan parameters: TR = 9.0,
TE = 1.28, slice thickness = 2 mm, inter-slice distance = 0.4
mm, slices = 16 - 20, FOV = 62, NSA = 1, matrix = 128 ×
94, arterial phase numbers = 100, and 15 dynamic time
phases in baseline scans. Gadopentetate dimeglumine-
diethylenetriaminepentaacetic acid (Gd-DTPA) was used as
the contrast agent for MRI with a concentration of 0.06
mmol/mL, injected into the tail vein at a speed of 0.30
mmol/kg.

2.4. Immunohistochemical Staining

2.4.1. Determination of Microvascular Density

CD34 antibody (purchased from Xinjiang Urumqi
Baoxin biological reagent Co. Ltd.) was used for stain-
ing. The criterion was the internationally used Weidner
method with some modifications: first scan the entire slide
at lower power (× 100), identify the “hot spot” of highest
microvessel density, and then observe and count the mi-
crovessels at higher power (× 200). Any individual cell
or cell aggregate that was stained brown by the antibody,
regardless of whether they formed the lumen of a vessel
and as long as they showed a distinct separation from the
surrounding microvessels, tumor, and connective tissues,
was considered to be 1 countable vessel. Microvessels in
hardened areas of the tumor and at the boundary between
the tumor and soft tissue were not counted. Vessels with
a thick, smooth muscle or a lumen cross-sectional area
larger than the diameter of 8 red blood cells were also ex-
cluded. The number of microvessels from 5 microscopic
fields was recorded according to this standard, and the av-
erage was the MVD count.

2.4.2. Detection of Vascular Endothelial Growth Factor

VEGF monoclonal antibody (purchased from Xinjiang
Urumqi Baoxin biological reagent Co. Ltd.) was used for
staining. Scoring criteria was based on both the staining
intensity and the percentage of VEGF-positive cells. Given
that non-specific staining was excluded, scoring of stain-
ing intensity was performed first: 0 was colorless, 1 point
for light yellow, 2 points for brownish-yellow, and 3 points
for brown. Then scoring was done for the percentage of
positive cells: 0 points for negative, 1 point for < 10% posi-
tive, 2 points for 11% - 50% positive, 3 points for 51% - 75% pos-
itive, and 4 points for > 75% positive. Product of staining
intensity and percentage of positive cells > 3 was consid-
ered to be positive immunoreactivity. The product scores
were ranked into 4 categories: - (0, 1, 2 points), + (3 - 5
points), ++ (6 - 8 points), +++ (9 - 12 points).

2.5. Statistical Methods

All data were recorded into the database in tabular
form and were expressed as mean± SD. Measurement data
were compared between the 2 groups using independent
sample t-test, the comparison between the 3 groups were
analyzed by ANOVA or non-parametric tests depending on
the homogeneity of variance. Count data were analyzed
by the Chi-square test. The diagnostic test and correlation
analysis were used to analyze the correspondence between
imaging indicators at different stages of pathology and the
pathological results. Measurement data were analyzed by
multiple linear regression and ranked data were analyzed
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by logistic regression. All data were analyzed using the
SPSS 21.0 software and P < 0.05 was considered to be sta-
tistically significant.

3. Results

3.1. KLT Significantly Inhibited the Growth of the Subcutaneous
Xenograft Tumor in Nude Mice

15 days following subcutaneous inoculation of human
colorectal cancer HT-29 cells in nude mice, a significant
bulge of volume 300 mm3 was observed at the site of inoc-
ulation. The tumor had a hard texture, low flexibility, and
was closely bound to the skin. At 48 hours after KLT injec-
tion, the volume of the subcutaneous xenograft tumor sig-
nificantly decreased by 49% compared to the blank control
(Figure 1).

3.2. DCE-MRI Results of KLT Group and Control Group

Compared with the blank control group, Ktrans and
Kep value decreased significantly in the Kanglaite group,
the difference was statistically significant (P < 0.05); the
Ve value increased slightly, there was no statistically signif-
icant difference (P > 0.05); Vp increased significantly in the
injection group, the difference was statistically significant
(P < 0.05). See Table 1 and Figures 2 and 3.

3.3. Pathological Immunohistochemical Staining

The MVD counts and CD34-positive neovasculatures
significantly decreased in the KLT group, and neovascular-
ization was only found at the edge of the tumor. The ratio
of PCNA-positive cells markedly decreased in the KLT group
(Table 2 and Figure 4).

3.4. Correlation Analysis of Immunohistochemical Staining Re-
sults and DCE-MRI Parameters After KLT Treatment

DCE-MRI Ktrans value, Kep and VEGF score, MVD count
and PCNA score have positive correlation, the difference
was statistically significant (P < 0.05). A signifivant linear
correlation (P > 0.05) does not exist in the results of Ve and
Vp as well as immunohistochemical. See Table 3.

4. Discussion

Although surgery is the preferred treatment for cancer,
some patients with advanced tumors are unable to with-
stand surgical trauma and can only turn to other treat-
ments such as chemotherapy or radiotherapy. Chemother-
apy refers to the use of chemical drugs to inhibit tumor
cell proliferation, invasion, and metastasis (6). Chemother-
apy damages normal cells greatly while also killing tumor

cells, resulting in side effects and adverse reactions. Tra-
ditional Chinese medicine is a unique medical practice of
China, and it has made tremendous contributions to the
world’s healthcare and the comprehensive treatment of
tumors (7, 8). Studies have shown that KLT has certain ther-
apeutic effects on advanced lung, liver, and colorectal can-
cers, and it can also regulate the immune system and en-
hance the tumor-killing effects of chemotherapy (9, 10).

Due to the fact that DCE-MRI can show the blood per-
fusion in tumor microcircul ation, the technique has been
widely used in clinical therapeutic efficacy evaluations of
chemotherapy and targeted therapies for treating tumors
(11, 12). In this study, DCE-MRI was used as an assessment
of the anti-tumor efficacy of KLT injection for the purpose
of evaluating the therapeutic efficacy of an anti-tumor Chi-
nese medicine. Results indicated that at 48 hours post-
KLT treatment, the DCE-MRI parameters that showed rel-
atively strong positive correlations with VEGF score and
MVD counts included the Ktrans, MSI, and Kep. These indi-
cators showing high correlations were statistically signifi-
cant, indicating that KLT can effectively inhibit the growth
of tumors by inhibiting tumor microcirculation. Mean-
while, Ktrans, Kep, and PCNA score also showed good pos-
itive correlations with each other, which could be due to
two reasons. First, KLT treatment induced the reduction
of blood perfusion, leading to lower nutrient and oxygen
supplies for the tumor, which ultimately resulted in a de-
crease in the proliferation rate of tumor cells as indicated
by the proportion of PCNA-positive cells. Second, our in
vitro results demonstrated that KLT treatment could in-
hibit the proliferation and promote the apoptosis of col-
orectal cancer cells, which directly resulted in a reduced
ratio of PCNA-positive cells. Many studies have confirmed
that Ktrans and Kep are very effective parameters for eval-
uating the efficacy of anti-tumor angiogenesis drugs such
as bevacizumab (13, 14). Results from this study have added
additional support for this conclusion as we demonstrated
that DCE-MRI, especially the parameters Ktrans and Kep,
have great potential for assessing and predicting the ther-
apeutic efficacy of anti-tumor Chinese medicines.

KLT can significantly inhibit the growth of subcuta-
neously grafted tumors in nude mice through the possible
mechanisms of promoting apoptosis and inhibiting prolif-
eration in the tumor. However, further studies are required
to elucidate which of the 2 mechanisms plays the dom-
inant role in the anti-tumor effect of KLT. It was demon-
strated in this study that KLT injection therapy can inhibit
the angiogenesis and proliferative activity of tumor cells,
with a relatively good correlation with pathological test
results. In particular, parameters such as Ktrans and Kep
have satisfactory clinical and research value as they can
serve as effective indicators for assessing the efficacy of
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Figure 1. The Volume of Xenograft Tumor Following Intraperitoneal Injection of KLT (left) Significantly Decreased Compared to the Control (right).

Table 1. Statistics of DCE-MRI Measurements in Each Group After Treatmenta

Treatment Cases Ktrans Ve Vp Kep

Control 10 0.028 ± 0.009 0.312 ± 0.089 0.321 ± 0.056 0.094 ± 0.037

KLT 10 0.012 ± 0.006 0.287 ± 0.037 0.377 ± 0.033 0.043 ± 0.017

F value 34.450 1.659 7.365 29.448

P value < 0.001 0.196 0.001 < 0.001

aCompared to the blank control, the Ktrans and Kep values in the KLT group were significantly reduced (P < 0.05); Ve value slightly increased, but was not statistically
significant (P > 0.05); Vp markedly increased in the KLT group (P < 0.05).

Table 2. Statistical Analysis of IHC Staining Results of Each Group After Treatmenta

Treatment Case MVD Counts VEGF Score Percentage of PCNA-Positive Cells (%)

Control 10 11.7 ± 2.52 4.43 ± 1.07 91.23 ± 8.23

KLT 10 4.96 ± 1.96b 2.23 ± 1.03b 49.62 ± 4.36b

F value 4.96 6.12 10.29

P value 0.023 0.009 < 0.001

aThe MVD counts, VEGF score, and percentage of PCNA-positive cells significantly decreased in the KLT group (P < 0.05).
bP < 0.05.
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Figure 2. Measurement of Quantitative DCE-MRI Parameters in Blank Control Group

Figure 3. Measurement of Quantitative DCE-MRI Parameters in KLT Group

Table 3. Correlation Analysis of Immunohistochemical Staining Results and Various DCE-MRI Parametersa

IHC Ktrans Ve Vp Kep

MVD counts
r value 0.879b 0.203 0.251 0.596b

P value < 0.001 0.175 0.163 < 0.001

VEGF score
r value 0.796b 0.163 0.212 0.586b

P value < 0.001 0.302 0.201 < 0.001

PCNA score
r value 0.661b 0.176 0.296 0.496b

P value < 0.001 0.323 0.151 0.001

aKtrans and Kep values of DCE-MRI have a relatively strong positive correlation with VEGF score, MVD counts, and PCNA score (P < 0.05); Ve and Vp showed no significant
linear correlation with the IHC results (P > 0.05).
bIndicates P < 0.05.

anti-tumor Chinese medicines.

Iran Red Crescent Med J. 2017; 19(9):e59940. 5

http://ircmj.com


Wang Y et al.

Figure 4. CD34 Immunostaining of Xenograft Tumor Tissue

A, blank control group: positive staining of vascular endothelial cells can be found in tumor stroma. MVD indicates the high density area (IHC× 200×) in the control group;
B, KLT group: vascular endothelial cells can only be found scattered at the margins of the tumor as shown by the yellowish-brown staining. MVD indicates the low density area
(IHC × 200 ×) after KLT treatment.

4.1. Weak and Strong Points of Study

Strong points: This study evaluated treatment of
KLT injection for colorectal cancer by DCE-MRI parame-
ters combined with the immunohistochemical staining
method.

Weak points: The study did not establish a positive con-
trol group.

4.2. The Novelty of Study

DCE-MRI evaluation of traditional Chinese medicine
Kanglaite Injection for treating colorectal cancer by quan-
tifying tumor angiogenesis and tumor vascular imaging.
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