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Abstract 

Intratumoral heterogeneity (IH) has been recently described as an important contributor to tumor 
growth through a branched rather than a linear pattern of tumor evolution for renal cell carcinoma. As to 
whether the miRNA profiling of the different and heterogeneous areas is the same or not, it is not known. 
This study analyzed the differences and similarities of the miRNA profiles in histologically distinct regions 
within several RCC tumors. The observed differences may have great implications for the development 
of predictive biomarkers and the identification of druggable targets with improvement of combinatorial 
therapeutic approaches for the effective treatment of kidney cancer, as well as for the identification of 
circulating malignant cells that can be useful to detect tumor recurrences. 
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Introduction 
Renal cell carcinoma (RCC) represents the most 

common epithelial kidney tumor and the seventh 
most common cancer, accounting for about 3% of all 
adult malignancies [1]. In 2014, approximately 270,000 
patients worldwide were diagnosed with RCC and 
120,000 patients died from the disease [2]. RCC is a 
heterogeneous neoplasm consisting of a number of 
different types of cancer that have been characterized 
by histopathologic presentation and are associated 
with different genetic and molecular backgrounds [3]. 
The study and characterization of renal cell carcinoma 
is a remarkable story of accomplishments in oncology 
research, since the discovery of the genetic basis of the 
disease has greatly advanced the way patients with 
advance disease are treated [4]. The classification of 
RCC based on a combination of histopathology, 
genetic analysis and molecular markers has been 
extremely important in predicting patient outcomes 
and in the selection of better, more targeted 
therapeutic options [4-6]. Further improvements to 
the current characterization and classification of RCC 

tumors should help to refine both prognosis and 
treatment. 

The recent discovery of intratumor heterogeneity 
within the most common form of RCC, clear cell renal 
cell carcinoma (ccRCC), has had a major impact on the 
characterization of ccRCC. The majority of ccRCC 
tumors demonstrate the same main driving feature of 
loss of VHL function that is present throughout the 
tumor [7, 8]. Further mutation studies have 
demonstrated that, although VHL loss remained 
constant, the acquisition of additional somatic 
changes can vary between different regions of a 
ccRCC tumor [7, 8]. It is important to recognize that 
different regions of a tumor may exhibit different 
additional genetic or molecular alterations that may 
need different types of therapeutic intervention as 
well as identifying features that are universal to the 
tumor and potentially present as a therapeutic target 
for the entire tumor. Current research has 
demonstrated that different regions of a ccRCC tumor 
may contain varying mutational spectrums, but these 
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regions may also demonstrate differing mRNA or 
miRNA profiles. In addition, ccRCC tumors can 
present with multiple histopathologic patterns that 
define morphologically different regions of a tumor 
that may reflect different mutation or RNA profiles.  

Several previous studies have characterized the 
expression profiles of specific miRNAs in the 
pathophysiology of renal cell carcinoma [9, 10]. 
Increased expression of miR-210 and miR-21 are 
associated with ccRCC and correlate with adverse 
outcome [11]. Furthermore, increased expression, due 
to decreased promoter methylation, of miR-21 may 
contribute to the glycolytic shift observed in ccRCC 
and the activation of the PI3K/AKT pathway and this 
increased expression was correlated with decreased 
overall survival [12]. Growing numbers of studies are 
demonstrating the importance of miRNAs in the 
control of physiologic cellular processes and their role 
in the etiology of human diseases [13, 14]. MicroRNA 
expression signatures are now being used to classify 
several types of tumor at the molecular level [15-17]. 

 This study investigated the differences between 
miRNA expression profiles from 
histopathologically-defined, morphologically 
different regions within ccRCC tumors. This study 
demonstrated that it was possible to characterize each 
different morphologic region of ccRCC tumors based 
uniquely on their miRNA profiles. These finding 
further emphasize that the heterogeneity observed 
within ccRCC tumors is present at the molecular level 
and may be associated with histologic pattern, which 
may have important prognostic and predictive value 
for therapeutic intervention. 

Material and Methods 
Tissue samples and microdissection: Four cases 

of ccRCC were selected based on H&E staining 
analysis demonstrating distinct morphologic tumor 
heterogeneity. Ten micron-thick unstained slides 
were obtained from formalin fixed paraffin embedded 
(FFPE) tumors. Tissue was procured by 
microdissection from different areas of the slide that 
represented the different morphological regions. 
These regions were classified for each tumor as 
described in the Results section and were designated 
by a number related to the patient case ID number. A 
region of normal renal parenchyma was 
micro-dissected from one of the four cases (Patient 3) 
where material sufficiently distant from the tumor 
was available. 

RNA isolation: Total RNA was extracted using 
RecoverAll™ Total Nucleic Acid Isolation Kit 
(Ambion, Austin, TX, USA) according to 
manufacturer’s instructions. The total RNA was 
treated with DNase (Ambion, Austin, TX, USA) and 

the RNA concentration was evaluated by 
spectrophotometry using a NanoDrop ND-1000 
(Thermo Scientific, Waltham, MA, USA). 

MicroRNA array profiling and analysis: 
MicroRNA expression profile for the total RNAs 
extracted from the different morphological regions 
and the normal control were evaluated using 
nCounter Human v2 miRNA Expression Assay 
(NanoString Technologies, Seattle, WA, USA ). The 
raw data was analyzed using nSolver Analysis 
Software (V.1.1) and tabulated in Excel. Background 
correction was performed by calculation the average 
background signal produced by the negative controls 
and then subtracting this value from the raw signal. 
All background corrected values that were negative 
were converted to zero and represented no detectable 
expression of the miRNA. The background corrected 
values were normalized across samples using the 
averaged mRNA expression values for three 
housekeeping genes, ACTB, RPL19, and RPLP0. The 
relative expression of these three housekeeping genes 
within each of the tumor regions was compared to 
their expression level within the normal kidney 
parenchyma sample (considered to have a value of 
1.00). The average of the relative expression values for 
these three genes within each tumor region was then 
used to normalize all the miRNA expression values 
within each tumor. Once normalized, a relative 
miRNA expression value was calculated for each 
miRNA in each tumor region in comparison to the 
normal kidney parenchyma miRNA expression. 
MicroRNAs that demonstrated 2-fold or greater up- 
or down-regulation were considered to be 
significantly altered relative to normal kidney 
parenchyma. MicroRNAs that were expressed in the 
tumor but not in the normal or expressed in the 
normal but lost in the tumor were designated as 
“Only in Tum.” or “Lost in Tum.” respectively and 
were considered significant. Venn diagrams were 
created using software available from the Whitehead 
Institute for Biomedical Research (http://jura.wi 
.mit.edu/bioc/tools/). 

Cluster analysis: To perform cluster analysis 
between all the different morphological regions, the 
average normalized miRNA expression values were 
calculated across the tumor regions. The relative 
tumor miRNA expression for each miRNA for each 
tumor region was calculated in comparison to the 
average miRNA expression across the tumors. Cluster 
analysis was performed on this data using the Gene 
Cluster 3.0 software (http://bonsai.hgc.jp/ 
~mdehoon/software/cluster/software.htm) to 
evaluate hierarchical Euclidean clustering with 
average linkage and this was visualized using 
TreeView (http://jtreeview.sourceforge.net/).  
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Results 
Heterogeneous histopathologic morphologies 
within clear cell renal cell carcinomas. 

The laboratory of pathology at the National 
Cancer Institute has a vast collection of clear cell renal 
cell carcinomas from which four tumors from four 
individual patients were selected that demonstrated 
heterogeneous histopathologic morphologies. In each 
case, at least two separate morphologically different 
regions of the tumor were identified and materials 
from these regions could be acquired. Six different 
histopathologic morphologies were identified 
consisting of four different types of clear cell-like 
patterns that were designated as either large, solid 
small, dense eosinophilic nodule, or diffuse and two 
further patterns that were designated as sarcomatoid 
and high grade (Table 1). In comparison to the 
conventional clear cell histologic presentation that has 
a classic alveolar pattern and clear cytoplasm, the 
large clear cell (LCC) morphology has abundant 
granular cytoplasm (Figure 1- upper panel, upper 
portion), the solid small clear cell (SSCC) has a more 
compact architecture made of smaller cells (Figure 1 – 
upper panel, lower portion), the clear cell with dense 
eosinophilic nodule (CCDE) has granular eosinophilic 
cytoplasm (Figure 1 – lower panel, right) and the clear 
cell diffuse (CCD) has a clear cell cytoplasm but not 
alveolar growth pattern (less thin walled blood 
vessels) (Figure 1 – lower panel, left). The sarcomatoid 
pattern (SARC) is a highly cellular lesion with 
spindle-like cells and no epithelial component (Figure 
1 – middle panel, left), while the high grade pattern 
(HG) has nuclear pleomorphism, often with 
multi-lobed nuclei and heavy chromatin clumps 
(Figure 1 – middle panel, right). 

In this cohort, the three tumors from patients 1, 
2, and 4 demonstrated two different morphologies 
and the tumor from patient 3 demonstrated three 
separate morphologies with the LCC morphology 
representing the most commonly observed 
morphology (Table 1). Patients had an average age of 
61.5 years at diagnosis and consisted of three male 
patients and one female patient (Table 1). Notably, the 
tumors were relatively large with an average greatest 
dimension of 6.95 cm and demonstrated a tendency 
towards having a higher nuclear grade (Table 1). 

Characterization of miRNA expression 
profiles in different histopathologic 
morphologies. 

All the different histopathologic morphological 
patterns were separately isolated by macro-dissection 
and evaluated for miRNA expression. Initially, 6 
miRNAs known to be up-regulated in ccRCC 

(hsa-miR-210, hsa-miR-34a-5p, hsa-miR-155-5p, 
hsa-miR-21-5p, hsa-miR-142-3p, and hsa-miR-185-5p) 
and 6 miRNAs known to be down-regulated in ccRCC 
(hsa-miR-200c-3p, hsa-miR-200a-3p, hsa-miR-135-5p, 
hsa-miR-200b-3p, hsa-miR-141-3p, and hsa-miR- 
204-5p) were selected and compared between the 
different histopathologic morphologic regions and the 
normal renal parenchyma (Figure 2 and 3) [18]. This 
demonstrated distinct differences between the 
different morphologic regions within the same tumor 
as well as some patterns that correlated with specific 
morphologies (Figure 2 and 3, Supplementary Table 
1). Hsa-miR-210 expression is known to be 
up-regulated by the activation of the HIF1α mediated 
hypoxia signaling pathway that is a hallmark of 
ccRCC and was undetectable in the normal 
parenchyma, but expressed to varying degrees in all 
morphologic regions of all the tumors (Figure 2) [19]. 
Within tumors, different morphologic regions 
demonstrated different expression profiles for the 
majority of the selected up-regulated miRNAs. In 
tumor 1, the SARC region consistently demonstrated 
increased expression of the up-regulated miRNAs in 
comparison to the LCC region (Figure 2). In tumor 2, 
the SSCC region demonstrated slightly increased 
expression for the majority of the up-regulated 
miRNAs compared to the LCC region, except for 
hsa-miR-21-5p that was more highly expressed in the 
LCC region (Figure 2). In tumor 3, all three regions 
showed similar expression of hsa-miR-210, while the 
SSCC region showed the highest expression of 
hsa-miR34a-5p and the HG region demonstrated 
significantly higher expression of the remaining four 
up-regulated miRNAs in comparison to the other two 
regions (Figure 2). In tumor 4, the CCD region 
consistently demonstrated greatly increased 
expression of the up-regulated miRNAs in 
comparison to the CCDE region, similar to the pattern 
observed in tumor 1 (Figure 2). Two of the 
down-regulated miRNAs (hsa-miR-200c-3p, hsa-miR- 
135a-5p, and hsa-miR-141-3p) demonstrated almost 
universal loss of expression in all region of all tumors 
with only the SSCC region of tumor 3 expressing 
hsa-miR-135a-5p (Figure 3). Has-miR-141-3p loss 
expression in most regions but only had reduced 
expression in the SARC region of tumor 1 and the HG 
region of tumor 3 (Figure 3). The remaining three 
selected down-regulated miRNAs demonstrated the 
same patterns of heterogeneity within each tumor. In 
tumor 1, the SARC region consistently demonstrated 
increased down-regulation of hsa-miR-200a-3p, 
hsa-miR-200b-3p, and hsa-miR-204-5p in comparison 
to the LCC region (Figure 3). While in tumors 2 and 3, 
the LCC regions demonstrated lower expression 
levels of these miRNAs than the SSCC regions and for 
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hsa-miR-200a-3p and hsa-miR-204-5p the SSCC 
regions demonstrated little or no down-regulation 
(Figure 3). In tumor 4, the CCD region consistently 
demonstrated increased or normal expression of the 

down-regulated miRNAs in comparison to the 
normal renal parenchyma, while the CCDE region 
showed some down-regulation of these miRNAs 
(Figure 3). 

 

Table 1. Clinicopathologic characteristic of the patients and relative samples used for miRNA profiling. 

Case ID Age of Diag. Gender Histologic Type Morphologic Patterns Size (cm) Nuclear Grade Laterality Tumor Focality 
Patient 1 64 M Clear Cell RCC Sarcomatoid, Large Clear Cell 10x8x5 4 Left Multifocal 
Patient 2 49 M Clear Cell RCC Large Clear Cell, Solid Small Clear Cell 6.5x5x5 3 Right Unifocal 
Patient 3 68 M Clear Cell RCC Large Clear Cell, Solid Small Clear Cell, High Grade 7.5x6x3 4 Right Unifocal 
Patient 4 65 M Clear Cell RCC Clear Cell Dense Eosinophilic, Clear Cell Diffuse 3.8x2.5x1.2 2, 3 Left Multifocal 

 

 
Figure 1: Histopathologic evaluation of morphological heterogeneity with ccRCC. Microscopic features of the different morphological pattern of clear cell renal cell 
carcinoma. Normal=N; Sarcomatoid = SARC; Large clear cell = LCC; Solid small clear cell = SSCC; High grade = HG; Clear cell dense eosinophilic nodule = CCDE; Clear cell 
diffuse = CCD. 
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Figure 2: Evaluation of miRNAs known to be up-regulated in ccRCC. The expression levels of 6 miRNAs known to be up-regulated in ccRCC were compared across 
all morphologic regions of the tumors and with the normal tissue. Tumors were coded blue for tumor 1, red for tumor 2, green for tumor 3, and yellow for tumor 4 and the 
normal was colored gray.  

 
Further evaluation of the miRNA expression 

profiles was performed by comparing the expression 
levels of all the miRNAs between the different 
histopathologic morphologic regions and the normal 
renal parenchyma with a 2-fold up- or 
down-regulation considered significant (Supple-
mentary Table 1). This produced a list of up- and 
down regulated genes for each different morphologic 

region that could be compared within each tumor 
(Supplementary Table 2). In tumors 1 and 2 the 
different morphologic regions shared a significant 
number of down-regulated miRNAs (50.5% and 
51.3% respectively), but each had a more divergent 
pattern of miRNA up-regulation (Figure 4). Tumor 3 
demonstrated a similar pattern with all three different 
morphologic regions sharing 23.5% of the 
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down-regulated miRNAs and only 4.7% of the 
up-regulated miRNAs and with at least 2 different 
regions sharing 58.5% of the down-regulated miRNAs 
(Figure 4). Interestingly, the SARC region of tumor 1 
and the HG region of tumor 3 both demonstrated a 
large number of specific miRNA up-regulations, but 
few specific miRNA down-regulations. Tumor 4 
demonstrated similar levels of shared up- and 
down-regulated miRNAs with the CCD region 
demonstrating a larger number of miRNA 
up-regulations and the CCDE region demonstrating a 

larger number of miRNA up-regulations (Figure 4). 
Comparison of the LCC regions in tumors 1, 2, and 3 
and the SSCC regions in tumors 2 and 3 demonstrated 
very few miRNA alterations were shared by the 
histologically similar regions (Supplementary Table 
3). The large clear cell (LCC) regions had one miRNA 
commonly up-regulated, hsa-miR-572, and two 
miRNA commonly down-regulated, hsa-miR-24-3p 
and hsa-miR-1180. While the solid small clear cell 
(SSCC) regions pattern only had one miRNA 
commonly up-regulated, hsa-miR-646. 

 

 
Figure 3: Evaluation of miRNAs known to be down-regulated in ccRCC. The expression levels of 6 miRNAs known to be down-regulated in ccRCC were compared 
across all morphologic regions of the tumors and with the normal tissue. Tumors were coded blue for tumor 1, red for tumor 2, green for tumor 3, and yellow for tumor 4 and 
the normal was colored gray.  
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Figure 4: Intratumoral comparison of miRNA expression profiles. Venn diagrams demonstrate the number of shared and unique up- or down-regulations of miRNAs 
within each region of each tumor. Each tumor was evaluated individually and colored-coded blue for tumor 1, red for tumor 2, green for tumor 3, and yellow for tumor 4. 

 
Each morphologic region demonstrated unique 

miRNA dys-regulations that were not observed in any 
other morphologic region of any other tumor 
(Supplementary Table 4). The majority of these 
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differences involved the up-regulation of miRNAs 
and several morphologic regions demonstrated no 
unique miRNA down-regulations. Notably, 
hsa-miR-95 that is a proliferation-promoting miRNA 
was uniquely up-regulating in the SARC region of 
tumor 1 and hsa-miR-569 that is involved in survival 
of proliferation of tumor cells by downregulating p53 
expression was uniquely up-regulated in the HG 
region of tumor 3 (Supplementary Table 4).  

 

 
Figure 5: Comparative expression of miRNA between tumor regions. 
Unsupervised Euclidean clustering was performed on 495 miRNAs that all 
demonstrated expression in a minimum of one region within any tumor. Red denotes 
increased expression in comparison to the other tumor regions and green denotes 
decreased expression in comparison to the other tumor regions. Each tumor was 
colored-coded blue for tumor 1, red for tumor 2, green for tumor 3, and yellow for 
tumor 4. 

 
 To demonstrate the degree variation between 

both the tumors and the different morphologic 
regions unsupervised hierarchical Euclidean 
clustering of 495 miRNAs expressed in a minimum of 
one tumor was performed (Figure 5, Supplementary 
Table 5). The relative expression of each miRNA for 
each morphologic region was calculated in 
comparison to the average expression value across all 
regions in all tumors. Distinct miRNA profiles were 
observed for all the morphologic regions for every 
tumor. Although the LCC and SSCC regions of 

tumors 2 and 3 did cluster next to each other, the 
SARC region of tumor 1 and the HG region of tumor 3 
clustered away from the other morphologic regions of 
their respective tumors. The CCD and CCDE regions 
of tumor 4 diverged greatly from each other and 
represent the most significantly different miRNA 
profiles seen within one tumor (Figure 5). 

Discussion 
Intratumoral heterogeneity (IH) is an important 

feature of clear cell renal cell carcinoma (ccRCC) and 
may play a very important role in the characterization 
and therapeutic treatment of ccRCC. Several studies 
have demonstrated intratumor heterogeneity within 
the somatic mutational profile of ccRCCs, 
(Supplemental Figure 1) while no studies have been 
performed to demonstrate intratumor heterogeneity 
within the miRNA expression profiles of ccRCC [7, 8]. 
Additionally, the previous studies of mutational 
heterogeneity within a ccRCC tumor selected the 
different regions on a non-specific basis by picking 
region that were simply spatially distinct [7, 8]. This is 
the first study to investigate the miRNA profiles in 
heterogeneous ccRCC and to relate any heterogeneity 
to different regions within a ccRCC tumor defined by 
distinct histopathologic morphology patterns. 

This study demonstrated intratumor 
heterogeneity of the miRNA expression profiles 
within the different morphologic regions of all four 
evaluated tumors. Although different morphologic 
regions within a tumor did share some common 
miRNA dysregulations in comparison to normal 
kidney, each region demonstrated unique patterns of 
expression for some miRNAs. In general, 
down-regulation of miRNAs were more commonly 
shared between different morphologic regions, while 
up-regulation of miRNAs demonstrated a greater 
degree of variation between regions. Furthermore, 
unique alterations across all morphologic regions of 
all the studied tumors were observed in each sample 
studied. Comparison of tumors with regions of 
similar histopathologic morphology did not identify 
much overlap in miRNA dysregulation, although the 
down-regulation of hsa-miR-646 that was shared by 
solid small clear cell regions has been previously 
associated with metastasis in ccRCCs [20]. These 
observations are obviously limited by the number of 
tumors and regions that were evaluated. Further 
analysis with increased numbers of samples may 
demonstrate that few dysregulations are truly unique 
to a tumor and that a greater degree of miRNA 
dysregulation is shared by samples with similar 
histopathologic morphology. One caveat to this study 
is that multiple samples were not taken from each of 
the different morphologic regions and so it could not 
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be evaluated if samples from the same morphologic 
region would demonstrate a high degree of 
homogeneity. 

Evaluation of several miRNAs known to be 
associated with ccRCC, such as Hsa-miR-210, also 
demonstrated intratumor heterogeneity [11, 18]. 
Interestingly, miRNAs like Hsa-miR-210 are regulated 
by the hypoxia response pathway, that is commonly 
up-regulated in ccRCCs due to loss of the VHL 
protein complex, and are expected to be 
over-expressed [9, 19, 21]. Hsa-miR-210 expression 
was increased in all regions but the observed 
variation in expression within tumors suggests that 
different regions may be experiencing different levels 
of hypoxia response or that factors other than the 
hypoxia response pathway are regulating this 
miRNA. Notably in all three regions of tumor 3 the 
Hsa-miR-210 expression levels were similar, even in 
the high-grade region, demonstrating that similar 
conditions can occur within all regions of a tumor. 
This study confirmed the up- and down regulation of 
several miRNAs previously associated with ccRCC 
[18]. Notably, hsa-miR-21-5p demonstrated 
significantly increased expression in the sarcomatoid 
region of tumor 1 and the high grade region of tumor 
3 and up-regulation of this miRNA has been 
associated with poor cancer-specific survival [11, 22]. 
This finding may also have implications in the 
response to therapy; indeed, the presence and 
percentage of sarcomatoid dedifferentiation has been 
linked to response to selective targeted therapy [23, 
24]. Nearly all regions of all tumors demonstrated 
down-regulation of hsa-miR-200c-3p, a suppressor of 
the CDK2 cell-cycle progression regulator, 
hsa-miR-135a-5p, a suppressor of the MYC oncogene, 
and hsa-miR-141-3p, a regulator of proliferation and 
metastasis in ccRCC [25-27]. Down-regulation of 
hsa-miR-200c-3p and hsa-miR-141-3p have been 
associated with poor cancer-specific survival and 
knowledge of their targets could add in designing 
therapeutic regimes [11]. 

As observed in the studies on somatic mutation 
intratumor heterogeneity, these patients presented 
with relatively large tumors with an average largest 
dimension of ~7 cm. The large size of these tumors is 
likely to correlate with a long time period of growth 
and development before diagnosis and thus provide 
the opportunity for the development of different 
morphologically distinct regions and intratumor 
heterogeneity. Further studies of small tumors may 
demonstrate lower rates of intratumor heterogeneity, 
but it is the larger tumors that are more likely to 
metastasize and require systematic therapeutic 
intervention.  

The recognition that different morphological 

patterns (IH) inside the same tumor are associated 
with distinct miRNA signatures may have great 
implications for the development of predictive 
biomarkers and provides additional evidence for the 
importance of multiple sampling in the 
characterization of tumors. MicroRNA signatures 
could be useful in supporting the diagnostic 
algorithm of kidney cancer, by offering an ancillary 
molecular study which can help to support the 
morphological diagnosis. Furthermore, specific 
miRNA alterations could be associated with specific 
druggable targets leading to improvement of 
combinatorial therapeutic approaches for a more 
effective treatment of kidney cancer. 
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Supplementary tables.  
http://www.jcancer.org/v12p5375s1.xlsx  
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