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Abstract: Purpose: To explore the connections between Tiam1 and Rac1 expression in renal cell carcinoma (RCC), 
and its pathological type, grading, invasion and metastasis. Methods: Tiam1 and Rac1 expression was measured in 
60 specimens of RCC (including 42 clear cell cases, 12 papillary cases, and 6 chromophobe cases) and a 10-speci-
men control group using quantum dots IHC labeling, complete with clinical and pathological records, dated 2008 
to 2014, were taken from the archives of the Department of Pathology, People’s Hospital of Wuhan University. The 
expressions of Tiam1 and Rac1 proteins in specimens were measured using immunohistochemical (IHC) and quan-
tum dots-labeling methods to examine their relationships to the clinical and pathological characteristics of RCC. The 
HIPAS-1000 software was used to quantitatively analyze on the results to obtain absorbance and positive area ratio 
(PAR) values, and SPSS 15.0 was used to perform single-factor analysis of variance and q verification. Spearman’s 
rank correlation test is used to verify the correlation between absorbance and PAR of the two proteins. Results: 1. 
QDs IHC staining. Tiam1 and Rac1 expression is high in RCC, and low in surrounding tissues (P<0.05). 2. Expres-
sion levels of both proteins show no correlation with patient sex, age, or tumor size (P>0.05), yet correlate with the 
differentiation, stage, and lymphatic metastasis of tumors (P<0.05). Spearman’s test shows a positive correlation 
between the expression levels of Tiam1 and Rac1 in RCC tissues (r=0.425, P<0.05). Conclusion: 1. Abnormal Tiam1 
and Rac1 expression may be an early molecular event in RCC, suggesting they are carcinogens related to proto-
oncogenes. 2. Tiam1 and Rac1 expression levels correlate with the differentiation, stage, and lymphatic metastasis 
of RCC, suggesting they play important roles in its invasion and metastasis. 3. The expression levels of Tiam1 and 
Rac1 are positively correlated within RCC, suggesting a synergy between the two in controlling its pathogenesis and 
development.
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Introduction

Renal cell carcinoma (RCC) is one of the most 
common malignant tumors of the urinary sys-
tem. Originating from the endothelial systems 
of uriniferous tubules in the renal parenchyma, 
it accounts for 80~90% of malignant tumors in 
kidneys [1], and has a still-rising occurrence 
rate only second to bladder cancer among 
tumors of the urinary system, The mechanism 
behind RCC’s genesis is still poorly understood; 
since immune-, chemo-, and radiation thera-
pies have not been effective, surgery remains 
the most important approach to its treatment. 
However, middle-to-late stage RCC has shown 
high rates of postoperative recurrence and dis-
tant metastasis [2]. Due to its insensitivity to 

radio- and chemotherapy, research on RCC has 
focused on early diagnosis, timely and appro-
priate intervention, suppression of invasion and 
metastasis, and raising survival rates.

Tiam1 was first discovered by Habets et al. 
(1994) during in vitro selection of invasive 
T-lymphoma cells [3]. They named it “T-cell lym-
phoma invasion and metastasis-inducing pro-
tein 1” (TIAM1) due to its ability to enhance 
invasiveness in T-lymphoma cells. It is a specif-
ic guanine nucleotide exchange factor (GEF) for 
Ras-related C3 botulinum toxin substrate 1 
(RAC1), a member of the Rho family of small G 
proteins. When stimulated by extracellular sig-
nals, Tiam1 can promote Rac1 to transform 
from an inactive GDP-bound state to an active 
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ch other and roles in its genesis, development, 
invasion and metastasis, in hope of providing 
new evidences to clinical exploration into the 
biological behavior of RCC, and lay the theoreti-
cal basis for its targeted therapy.

Materials and methods

Materials

60 paraffin-embedded specimens of RCC (com-
prising 42 clear cell cases, 12 papillary cases, 
and 6 chromophobe cases), and 10 specimens 
of surrounding kidney tissues, dated 2008 to 
2014, complete with clinical and pathological 
records, were taken from the archives of the 
Department of Pathology, People’s Hospital of 
Wuhan University. Of the specimens, 36 cases 
were males, and 24 were females, with patient 
age ranging from 28 to 86, for an average of 
56.63 years. All specimens were first occur-
rences, without any chemo- or other therapies 
before surgery, and pathologically diagnosed to 
be RCC post-surgery. Clinical Robson staging 
divided them into 13 in Stage I, 24 in Stage II, 
12 in Stage III, and 11 in Stage IV, and histo-
pathological staging graded them into 14 in  
G1, 27 in G2, and 19 in G3. 15 specimens of 
kidney tissues 2.5 cm away from tumors were 
selected as the normal control group. 

Thoenes’ system of pathology grading

G1 (well-differentiated): normal-sized round nu- 
clei; delicate or condensed chromatins; gener-
ally one normal-sized nucleolus in or slightly off 
the center of each nucleus; no mitotic figure.

G2 (differentiated): intermediately enlarged ro- 
und or oval nuclei, frequently with ruffles; deli-
cate, coarse, or dense chromatins; a saliently 
enlarged nucleolus in or slightly off the center 
of each nucleus; some mitotic figures.

G3 (low- or undifferentiated): saliently enlarged 
nuclei, often irregular in shape; thick and irregu-
lar chromatins; one or more nucleoli in each 
nucleus; frequent pathological mitotic figures. 

Main reagents

1. Instant-use rabbit anti-human polyclonal an- 
tibodies for Tiam1 and Rac1; 2. Instant hyper-
sensitive streptavidin-peroxidase (SP) IHC kit; 
3. DAB coloration kit and poly-lysine; 4. QDs 
hypersensitive fluorescent reagent kit, provid-
ed by Wuhan Jiayuan Quantum Dots Co, Ltd.

Figure 1. Expression of detecting Tiam1 and Rac1 in 
renal cell carcinoma tissues by using Quantum-dots 
staining. A: Tiam1 expression in renal cell carcinoma 
tissues. Positive Tiam1 expression was mainly dis-
covered in cell plasm or cell membrane. The plasm 
or cell membrane of renal cell carcinoma tissues 
cells exhibited a strong red fluorescence, indicating 
a high expression of Tiam1 (black arrow); B: Rac1 
expression in renal cell carcinoma tissues. Positive 
Rac1 expression was mainly discovered in cell plasm 
or cell membrane. The plasm or cell membrane of 
renal cell carcinoma tissues cells exhibited a strong 
red fluorescence, indicating a high expression of 
Rac1 (black arrow).

GTP-bound state [4, 5]. The activated Rac1-GTP 
can interact with various downstream effector 
molecules to influence events related to inva-
sion and metastasis, including reconstruction 
of cellular skeletons, cell-cell adhesion, expres-
sion and regulation of genes, cellular move-
ments, and cellular apoptosis [6].

This study sets out to measure the expression 
levels of Tiam1 and Rac1 in RCC and surro- 
unding tissues using quantum dots (QDs) and  
IHC technologies, analyze the relationships be- 
tween their expressions and the clinical and 
pathological features of RCC, and present a 
preliminary analysis of their relationship to ea- 
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were swashed with TBS-T for 3×3 min, sealed 
with buffer solution, and incubated in wet cha- 
mber at 37°C for 10 min; sections were dripped 
with QDs-SA diluted with buffer solution (1: 
100), and incubated in wet chamber at 37°C 
for 30~60 min; sections were swashed with 
TBS-T for 3×3 min, dripped with 50% glycerin, 
and packed into microarrays; a fluorescence 
microscope was used to observe the arrays, 
and incite Qd602 with various wavelengths. 
Positive signals from Tiam1 and Rac1 were 
observed. The appearance of orange-red fluo-
rescent particles is considered positive; protein 
expression is considered positive when the 
positive area ratio is equal to or above 25%. A 
negative control group was similarly prepared, 
with TBS buffer solution replacing the primary 
antibodies. 

The entire test process does not require protec-
tion from light.

Result determination 

For QDs-SA staining, the reaction was consid-
ered positive when a significant amount of red 
fluorescence was observed in the cell mem-
brane or cytoplasm. No such reaction is sup-
posed to occur in the negative control group.

The HPIAS-1000 high-resolution image analy-
sis and reporting system developed by Tongji 
Qianping Imaging Engineering Co. was used to 
perform the quantitative analysis. From each 
section, five random, intact and non-overlap-
ping views were taken at ×400 magnification. 
For each view, measurements were made for 
the total area of cells, to compute the mean 
absorbance, the total area of regions with posi-
tive reactions, and the final positive area ratio 
(PAR). The averages of mean absorbance and 
PAR from five views in each section were used 
as its results. (PAR = total area of positive reac-
tions in unit area/total area of cells in unit area 
×100%).

Statistical methods

The SPSS 15.0 software is used for statistical 
analysis, which include single-factor analysis 
and q verification on the mean absorbance  
and PAR values, with α=0.05. Spearman’s rank  
correlation is used to analyze correlations 
between results, with P<0.05 indicating statis-
tical significance.

Figure 2. Expression of detecting Tiam1 and Rac1 in 
cancer side tissue by using Quantum-dots staining. 
A: Tiam1 expression in cancer side tissue. Positive 
Tiam1 expression was mainly in cell plasm or cell 
membrane. The plasm or cell membrane of cancer 
side tissue exhibited a weak or no red fluorescence, 
Tiam1 was lowly expressed in cancer side tissue 
(black arrow). B: Rac1 expression in cancer side 
tissue. Positive Rac1 expression was mainly in cell 
plasm or cell membrane. The plasm or cell mem-
brane of cancer side tissue exhibited a weak or no 
red fluorescence, Tiam1 was lowly expressed in can-
cer side tissue (black arrow).

Measuring Tiam1 and Rac1 expression with 
QDs-SA

RCC tissue sections (thickness, 4 µm) were 
dewaxed and hydrated, and underwent micro-
wave antigen retrieval; sections were swashed 
with TBS, sealed with buffer solution, and incu-
bated in wet chamber at 37°C for 30 min; sec-
tions were dripped with Tiam1 and Rac1 anti-
bodies, and incubated at 37°C for 2 h; sections 
were swashed with TBS-T for 3×3 min, sealed 
with buffer solution, and incubate in wet cham-
ber at 37°C for 10 min; sections were dripped 
with biotin goat anti-mouse IgG, and incubated 
in wet chamber at 37°C for 30 min; sections 
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Table 1. Mean optical density (MOD) and positive area 
ratio (PAR) for Tiam1 proteins expressions in Renal cell 
carcinoma and cancer side tissue (

_
x±s)

Group No. of 
cases

Average optical 
density

Positive rate of 
area

RCC 60 0.2839±0.0075* 0.2978±0.0077*

Cancer side tissue 10 0. 0874±0.0030 0.0790±0.0029
*RCC vs. cancer side tissue, P<0.05.

Table 2. Mean optical density (MOD) and positive area 
ratio (PAR) for Rac1 proteins expressions in Renal cell 
carcinoma and cancer side tissue (

_
x±s)

Group No. of 
cases

Average optical 
density

Positive rate of 
area

RCC 60 0.3005±0.0078* 0.2990±0.0078*

Cancer side tissue 10 0.0867±0.0031 0.0787±0.0028
*RCC vs. cancer side tissue, P<0.05.

Results

QDs-SA staining

Under the excitation of UV, blue and green li- 
ghts from the fluorescence microscope, certain 
areas in the QDs-marked RCC and surrounding 
tissues could be clearly seen to emit red-oran- 
ge lights, indicating the presence of Tiam1 and 
Rac1. The clean backgrounds suggest absence 
of any nonspecific binding. The areas of posi-
tive Tiam1 and Rac1 expression were located 
in the cytoplasm or cell membranes. The red 
fluorescence was particularly strong in the cy- 
toplasm and cell membranes of cancerous tis-
sues, pointing to high expression of target pro-
teins (Figure 1A and 1B); Very small amounts  
of such fluorescence can be seen in the cyto-
plasm and cell membranes of surrounding tis-
sues, indicating weak or nonexistent expres-
sion (Figure 2A and 2B). Table 1 shows the 
results of analysis. The q test indicates signifi-
cant differences (P<0.05) between cancerous 
and surrounding tissues in mean absorbance 
and PAR (Tables 1, 2).

Correlations between Tiam1/Rac1 protein 
expressions and pathological type, tumor size, 
sexes, age groups of RCC

The expression levels of Tiam1 and Rac1 have 
been shown to be related to differentiation, 
clinical staging and lymphatic metastasis (P< 
0.05) (Tables 3, 4), but unrelated to patient 

tumor sizes, age and sex (P>0.05) (Ta- 
ble 5).

Correlations between Tiam1 and Rac1 
expressions in RCC tissues

Spearman’s rank correlation analysis 
shows the expressions of Tiam1 and 
Rac1 are positively correlated (r=0.425, 
P<0.05).

Discussion

RCC refers to a category of tumors 
occurring in endothelial cells of urinifer-
ous tubules. It is the most common 
malignant tumor in the urinary system 
of adults, with an occurrence rate only 
second to bladder cancer among tumors 
of the urinary system, accounting for 
90% of malignant tumors in kidneys in 

adults, and 2~3% of all human malignant tu- 
mors [7]. Often seen in males aged 50 to 60, 
its causes are not fully understood, and may be 
related to smoking [8], obesity [9], prolonged 
hemodialysis, high blood pressures, and anti-
hypertension treatments [10]. The 2004 WHO 
standard of pathological classification divides 
RCC into the clear cell, papillary, chromophobe, 
and unclassified varieties. Clear cell RCC is the 
most common, accounting for 70~80% of all 
occurrences [11, 12]. RCC occurrences display 
significant regional variations, with remarkably 
higher occurrences in developed compared to 
developing countries [13]. In China, urban re- 
gions have significantly higher RCC occurrenc-
es than rural regions, which can be as high as 
43 times that of the latter. RCC tissues first 
appear as local growths in the renal parenchy-
ma, and upon reaching certain sizes may com-
press surrounding tissues and damage the 
renal pelvis and calyces. With further develop-
ment, the tumor may invade and penetrate the 
renal capsule, causing invasion of blood ves-
sels or lymph nodes, or further metastasis to 
other organs. The complex behavior and char-
acteristics of RCC, including mechanisms of its 
genesis, development, invasion and metasta-
sis are not fully understood. Clinically, predic-
tions on its progression, recurrence and prog-
nosis largely depend on its clinical staging and 
pathological grading.

The invasion and metastasis of malignant tu- 
mors are results of complex multistage interac-
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Table 3. Correlations between Tiam1/Rac1 protein expressions and 
Clinical stage and the differentiation degree of RCC

Stage Cases
Tiam1 Rac1

Pos Neg Pos.% Pos Neg. Pos.%
I 13 6 7 46.1% 5 8 38.5%
II 24 19 5 79.1% 18 6 75.0%
III 12 10 2 83.3% 11 1 91.6%
IV 11 11 0 100.0%* 11 0 100.0%*
Degree of Differentiation 
    High 14 5 9 35.7% 6 8 42.8%
    Medium/Low 46 27 19 58.6%* 28 18 60.8%*
*Fisher exact probability tests return P<0.05, indicating the results are significant.

Table 4. Correlations between Tiam1/Rac1 protein expres-
sions and lymphatic metastasis of RCC
Lymph node 
metastasis Cases

Tiam1 Rac1
Pos. Neg. Pos.% Pos. Neg. Pos.%

Yes 18 16 2 88.8% 17 1 94.5%
No 42 18 24 42.8%* 17 25 40.4%*
*Fisher exact probability tests return P<0.05, indicating the results are 
significant.

Table 5. Correlations between Tiam1/Rac1 protein expres-
sions, tumor sizes, age and sexes
Pathological 
features Cases

Tiam1 Rac1
Pos. Neg. Pos.% Pos. Neg. Pos.%

Tumor size (cm)
    ≥4 38 28 10 73.6% 26 12  68.4%
    <4 22 14 8 63.6* 13 9 59.0%*
Age
    ≥65  33 22 11 66.7% 23 10  69.6%
    <65 27 16 11 59.1* 17 10 62.9%*
Sex
    Male  36 23 13 63.8% 22 14 61.1%
    Female 24 14 10 58.3* 14 10 58.3%*
*Fisher exact probability tests return P>0.05, indicating the results are no 
significant.

tions between tumor cells, host stroma, and 
host cells, involving many genes and their prod-
ucts. A tumor cell’s capacity for invasion and 
metastasis is strongly connected to its capacity 
for movement [14] involving processes includ-
ing cell adhesion, cell movement, proliferation, 
degradation of extracellular matrix, genesis of 
tumor vessels, and host immunity. Skeletal 
structures determine the different movement 
capacities of cells, which are one area where 
normal cells differ from tumor cells of vary- 

ing metastasis potentials 
[15]. In addition to main-
taining the shape and 
movement of cells, skele-
tons also serve to trans-
mit extra- and intracellular 
signals, and participate in 
cellular activities such as 
secretion, contact inhibi-
tion, proliferation and ap- 
optosis. Since a specific 
marker has yet to be found 
that can simplify its early 
diagnosis, RCC patients 
are often not discovered 

laminins, the cell displays stronger inter-cellu- 
lar adhesion, and Tiam1 is localized in areas of 
adhesive contact between cells, where adhe-
sive complexes such as E-cadherin are also 
localized. When the substrates consist of Type  
I collagen, the cell displays better movement 
capacity, and Tiam1 is localized in its mem-
brane ruffles and cytoplasm. Therefore the  
substrates can directly or indirectly regulate 
the activities of Rac1 via Tiam1, and determine 
whether a cell is adhesive or mobile. On the 

until later stages [16]. As convention-
al histopathological analysis proves 
ineffective, a molecular biological 
approach may be more helpful in 
understanding the mechanism, cho- 
ice of treatment and prognosis of 
RCC.

The T-cell lymphoma invasion and 
metastasis-inducing protein 1, or Ti- 
am1 was found by Habets et al. dur-
ing in vitro selection of invasive 
T-lymphoma cells. It partakes in pro-
cesses like reconstruction of cell 
skeletons, cellular polarization, cell 
movement and migration, gene ex- 
pressions, proliferation and apopto-
sis [17-19]. The expression of Tia- 
m1 is strongly connected to the  
genesis and development of tu- 
mors. As a specific GEF for Rac1, it 
regulates biological processes by 
causing the latter to transform from 
the inactive Rac1-GDP to Rac1-GTP 
[20, 21]. The influence of the Tiam1-
Rac1 signal on cells is cell-specific 
and matrix-specific. When a cell’s 
substrates consist of fibronectin and 
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other hand, the alternation between adhesion 
and migratory movement is essential to the 
invasion and metastasis of tumor cells; it is 
therefore likely that Tiam1-Rac1 regulation 
plays a part in these processes [22].

In 1998, Alivisatos and Nie reported on the sa- 
me issue of Science about their foundational 
work in using QDs for biological marking and 
cell imaging, presenting the earliest solutions 
to the target-specificity and biocompatibility of 
QDs as a biological probe [23]. QDs have shown 
great potential in biomedical analysis due to 
possessing properties that far surpass conven-
tional fluorescent labelers [24, 25]. By binding 
to large molecules, QDs can label different 
parts or components of cells with different col-
ors, and enable nonspecific detection and qu- 
antitative analysis of proteins through fluores-
cence resonance energy transfer. 

Many conventional biomedical methods face 
limitations in applications demanded by the 
advancement of imaging technologies, such  
as direct real-time analysis of interactions be- 
tween biological molecules. QDs have very 
good photophysical properties including: 1) 
wide excitation spectra that can be continu-
ously adjusted; 2) large Stokes displacements, 
low spectral overlap, and high sensitivity; 3) 
strong resistance to photobleaching and lon-
gevity; 4) high photostability. They are also hi- 
ghly biocompatible, with no effect on normal 
physiological cellular activities including gro- 
wth, development, migration and signal trans-
mission [26, 27]. These advantages mean that 
QDs can be widely adopted for biomedical pur-
poses including cellular, molecular and in vivo 
imaging in areas such as multicolor imaging of 
cellular structures, tracing of cell migration and 
differentiation, and imaging of labeled cells or 
lymph node and vessel systems [28]. They have 
particularly good prospects as an ideal marker 
in the study of tumors after certain modifica-
tions. Advancement of imaging technologies 
and QDs marking have enabled the real-time 
monitoring of biological activities on a molecu-
lar level, and brought new innovations to biolu-
minescent labeling, histological imaging, parti-
cle-based tracing, in vivo molecular positioning 
in animal and plant bodies, genomics and bio-
chip development [29, 30].

In this study, we utilized a QDs IHC approach to 
measure Tiam1 and Rac1 expression in RCC 

tissues to examine their relationships to its 
genesis and development. The results show 
that both proteins have significantly higher 
expression levels in RCC than noncancerous 
renal tissues, and may be closely connected to 
the cancer’s development. We speculate that 
Tiam1 can activate Rac1 by stimulating the 
release of GDP and the binding with GTP, and 
the signal is transmitted by kinases to activate 
downstream molecules, thus performing func-
tions including regulating skeletal reconstruc-
tion and cellular polarization, encouraging mo- 
vement and migration, and participating in pro-
liferation and apoptosis.

The expression levels of Tiam1 and Rac1 have 
been shown to be unrelated to patient sex, age 
and tumor size (P>0.05), but related to diffe- 
rentiation, clinical staging and lymphatic me- 
tastasis (P<0.05). This indicates their expres-
sion levels can be correlated to the clinical 
stages of RCC, being higher in later stages, and 
correlated to lymphatic metastasis processes. 
The study also shows that the two proteins 
have positively correlated expression levels, 
suggesting they are directly related in their 
functions in RCC, and the Tiam1-Rac1 signal 
route may play a part in the invasion and metas-
tasis of RCC through the regulation of mole-
cules related to cellular adhesion. The detec-
tion of the two proteins can also be used in the 
diagnosis of RCC and determining methods of 
treatment.

The formation of a tumor is due to a combi- 
nation of multiple genes, processes and other 
factors. As we continue to explore the mecha-
nism behind the lymphatic metastasis of RCC, 
it is hoped the study may serve to improve the 
determination, prediction and intervention of 
lymphatic metastasis in RCC patients.
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