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Abstract

We have characterized herein the heterogeneity of the CD90+ population at each stage of 

hepatocarcinogenesis using a computer-assisted immunohistochemical staining evaluation method 

for quantitative analysis on tissue microarrays. We found that CD90 in Hepatocellular carcinoma 

(HCC) tissues, which has been shown to be a marker for cancer stem cells, is expressed on tumor 

cells, in the stroma or on endothelial cells. Sub-classification of the CD90+ population was based 

on morphology and co-expression with known markers including CD45 and CD31. Multiple linear 

regression suggested that the percentage of CD90+ cancer cells/hepatocyte (p<0.0001), level of 

overall CD90 expression (p<0.0014), and level of CD90 expression in tumor islands (p<0.0001) 

increased significantly in each stage of liver disease progression, while the level of stromal CD90 

expression (p=0.1129) did not change significantly. Additionally, only the CD90+ cancer cells 

were positive for other cancer stem cell (CSC) markers including CD24, CD44 and CD133 

whereas the other CD90+ cells were negative for these markers. CD90 expression in cirrhosis was 

observed in hepatocytes, the portal tract area and fibrous septa while CD90 expression in normal 

liver was limited only to the portal tract area. This study demonstrates the heterogeneity of the 

CD90+ population in HCC where a small population of the CD90+ cells that expressed other CSC 

markers are CSCs and are associated with advanced stages of hepatocarcinogenesis. This 

heterogeneity should be emphasized in further studies where other methods may not be able to 

discriminate these distinct types of CD90+ cells.
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Introduction

Liver cancer is the third leading cause of cancer-related death around the world [1,2]. 

Annually, 780,000 cases are newly diagnosed and 750,000 people die from this deadly 

disease [1]. Although regular surveillance of patients is performed by a combination of 

imaging and serum α-fetoprotein level, a large number of patients are diagnosed at an 

advanced stage [3]. Even after surgical resection, the long-term prognosis remains poor due 

to a high recurrence rate [4-6]. The treatment strategy for non-resectable or advanced HCC 

is palliative by using local regional therapies such as transarterial chemoembolization 

(TACE) or systemic chemotherapeutic agents. However, these approaches have limited 

efficacy [3]. Hence, novel therapeutic strategies and early detection are needed.

Hepatocellular carcinoma (HCC) is the most common primary liver cancer. It has been 

reported that the development of HCC is strongly related to cirrhosis of various etiologies, 

especially chronic hepatitis B and C infection, high alcohol consumption and nonalcoholic 

fatty liver disease (NAFLD) [7]. Recently, molecular pathways associated with HCC were 

identified, and novel therapeutic molecules have been developed [8,9]. However, the 

molecular and cellular basis of the disease progression is not fully understood.

The concept of cancer stem cells (CSCs) has been shown to provide an alternative 

explanation of disease progression, recurrence, and chemoresistance. Conceptually, CSCs 

are a subpopulation of cancer cells which can initiate and regenerate the tumor [10]. 

Recently, several groups of cells in HCC containing CD24+ [11], CD44, CD90+ [12] and 

CD133+ [13-15] markers, were shown to be CSCs by xenograft transplant in 

immunodeficient mice (in vivo) and/or by performing sphere culture (in vitro). In particular, 

CD90 is considered as a candidate marker for several types of cancer including esophageal 

squamous cell carcinoma [16], lung cancer [17,18], gastric cancer [19], and glioma [20]. 

Moreover, CD90+ cells in HCC were recently demonstrated to have CSC properties [12]. It 

has also been shown that overexpression of CD90 is associated with early recurrence, and 

poor survival in HCC [21,22]. However, CD90 expression has also been observed in stromal 

cells (e.g. mesenchymal stem cells (MSC), cancer-associated fibroblasts (CAF), and 

endothelium) of various cancers, and plays an important role in disease progression [23-27].

Immunohistochemistry (IHC) is a widely used technique for studying expression of a 

particular protein. Traditionally, pathologists have visually scored IHC data by using a 

product of the percentage of stained cells times the estimated staining intensity (e.g., 1, 2, or 

3; where 0 is no staining, 1 is weak staining, 2 is moderate staining and 3 is strong staining) 

[28]. Therefore, this method is semi-quantitative in nature. Additionally, it is fraught with 

problems due to subjectivity in interpretation. A computer-assisted method is therefore 

employed in this study. In order to obtain truly quantitative data, we used the software to 

Thakolwiboon et al. Page 2

J Proteomics Bioinform. Author manuscript; available in PMC 2015 September 12.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



analyze the optical density (OD) of stained pixels since OD has a linear relationship with 

stain concentration [29].

In this work, CD90 expression was observed on various cell types. This finding was 

confirmed by double immunofluorescence (IF) staining with antibodies of known cellular 

markers including CD31 (endothelial cells) and CD45 (leukocytes) as well as other CSC 

markers (CD24, CD44 and CD133). To avoid the effect of cellular heterogeneity of the 

CD90+ population where CD90+ cancer cells were only a few percent of the total, we 

separately analyzed the expression of CD90 in each subpopulation, using a computer-

assisted method with IHC-stained tissue microarrays (TMAs) which allows us to 

quantitatively observe the changes of CD90 in different stages of hepatocarcinogenesis in a 

large sample set and obtain quantitative data for further statistical analysis. The CD90+ 

cancer cells/hepatocytes and the amount of CD90 on the tumor region increased markedly 

from normal or cirrhosis samples to early-stage HCC while the expression on stroma did not 

change in the same trend. This phenomenon might otherwise have been missed in whole 

tissue studies or flow sorting which do not distinguish the different types of CD90 cells.

Materials and Methods

Tissue specimens

The formalin-fixed paraffin-embedded tissue microarrays (TMAs), Cat no. T032, BC03117, 

and BC03119, were purchased from US Biomax Inc. (Rockville, MD). Tissue samples on 

these TMAs include 149 HCC, 22 intrahepatic cholangiocarcinoma, 1 hepatic malignant 

fibrohistocytoma (MFH), 1 hepatic angiosarcoma, 22 cirrhosis, and 17 normal liver tissue 

spots.

In addition to TMAs, 5 formalin-fixed paraffin-embedded HCC and paired adjacent normal 

tissue sections were obtained. The tissue sections were 2×2 cm and 5 μm in thickness. All 

cases had no previous treatment.

Antibodies

Primary antibodies were rabbit monoclonal anti-human CD90 IgG, mouse monoclonal anti-

human CD24 IgG, mouse monoclonal anti-human CD31 IgG, mouse monoclonal anti-

human CD44 IgG, mouse monoclonal anti-human CD45 IgG (Cat no. ab92574, ab76514, 

ab6124, ab9498, and ab8216, abcam, Cambridge, MA), and mouse monoclonal anti-human 

CD133 IgG antibodies (Cat no. MAB4399, Milipore, Temecula, CA). These antibodies have 

been validated by western blot and IHC staining. All antibodies are recommended for IHC 

or IF according to the manufacturer's data sheets.

For IHC staining, goat polyclonal anti-rabbit IgG H and L or goat polyclonal anti-mouse 

IgG H and L (Cat no. ab6721 and ab6789, abcam, Cambridge, MA) was used as secondary 

antibody. These antibodies were conjugated with horseradish peroxidase (HRP). For 

immunofluorescence (IF) staining, secondary antibodies were DyLight®488 Goat anti-rabbit 

IgG antibody and DyLight®549 Horse anti-mouse IgG antibody (Cat no. DI-1488 and 

DI-2549, Vector laboratories, Burlingame, CA).
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These antibodies were diluted prior to use by 2% Bovine serum albumin (BSA). The 

information and dilution ratio of antibodies is shown in Table S1.

Immunohistochemical (IHC) study

The tissue slides were deparaffinized in xylene, and rehydrated in a series of descending 

concentration of ethanol (100% twice, 95%, and 75%, 5 minutes each). Antigen retrieval 

was performed using citrate buffer solution pH6.0 (Cat no. Q2446, Teknova, Hollister, CA) 

heated to 92-98°C for 15 min and then cooled to room temperature. Endogenous peroxidase 

activity was blocked by incubating the slides in 3% Hydrogen peroxide. The slides were 

blocked with 2% BSA for 1 h at room temperature and incubated with the diluted primary 

antibody overnight at 4°C. Then the HRP-conjugated secondary antibody was diluted and 

incubated with the slides for an hour. Immunoreactions were detected by diaminobenzidine 

(ImmPACT™ DAB Substrate kit, catalog no. SK-4105, Vector laboratories, Burlingame, 

CA). Hematoxylin counterstaining was performed for nucleus visualization. The slides were 

then soaked in 1% HCl for a few seconds in order to remove non-specific Hematoxylin 

staining. Between each step, the slides were washed with PBST for 5 min 3 times. Finally, 

the slides were dehydrated in ethanol and xylene, and then covered by a cover glass and 

mounting medium (CC/Mount™, catalog no. C9368, Sigma-Aldrich, MO) before further 

analysis. Blank and isotype control were performed as the negative control experiments.

Double immunofluorescence (IF) study

After deparaffinization, rehydration, and antigen retrieval, the tissue slides were blocked 

with 2% BSA for 1 h at room temperature. The mixture of desired diluted primary 

antibodies was incubated with the slides overnight at 4°C. After overnight incubation, 

secondary antibodies were diluted, mixed and incubated with the slides for an hour. Nuclei 

visualization was done by incubating the specimens in the dark with DAPI. Tissue slides 

were washed with PBST 3 times between each step. The slides were dehydrated in ethanol 

and xylene prior to being covered with cover glasses and mounting medium.

Evaluation of CD90 immunohistochemical staining on tissue microarray

The IHC-stained TMAs were examined using a Nikon Eclipse Ti-U microscope (Nikon, 

Melville, NY) and a software called “NIS elements AR 4.13.00 (64 bit)”. Three pictures of 

each tissue spot were captured at the resolution of 0.34 μm/pixel. Since the light passing 

through the microscope is unpredictably modified before image analysis, white balance was 

accomplished by the software mentioned above in order to make colors in the capture 

images consistent with colors observed by human eyes. Tumor and stromal regions were 

identified manually based on morphology. Necrotic areas were excluded. The threshold for 

positive staining was set and validated at R 95-172, G 65-152, B 28-107. The baseline value 

was obtained from the negative control slides which were not incubated by primary 

antibody. Since the OD has a linear relationship with stain concentration [29], the ratio 

between summation of the individual OD of each pixel and analyzed area (OD/ area) was 

used for quantification of the level of CD90 expression. A percentage of CD90+ cancer 

cells/hepatocytes was manually counted in 3 non-overlapping, randomly selected 200x fields 

containing at least 1,000 cancer cells/hepatocytes in total.
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Evaluation of double immunofluorescence staining

The double IF-stained TMAs were examined under 200× and 400× fields by Nikon Eclipse 

Ti-U microscope (Nikon, Melville, NY). Co-expressions of CD90 with other cellular 

markers (CD24, CD31, CD45, and CD133) were observed. CD31 and CD45 were used for 

identification of endothelia and leukocytes respectively while CD24 and CD133 served as 

CSC markers. Additionally, percentages of CD90+ cancer cells which expressed CD24 or 

CD133 were manually counted in 3 non-overlapping, randomly selected 200x fields 

containing at least 1,000 cancer cells in total.

Statistical analysis

Patient characteristics (age, gender, onset of hepatitis, and histological grade) in each disease 

category were compared using Chi-square test for categorical variables and analysis of 

variance (ANOVA) for continuous variables to identify potential confounders. Both 

unadjusted analyses using ANOVA and adjusted analyses controlling for factors which are 

significantly different among disease categories were then performed to study changes 

during hepatocarcinogenesis in the percentage of CD90+ cancer cells/hepatocytes and level 

of CD90 expression. Specifically, in adjusted analyses, potential confounders are included 

as covariates in multiple linear regression, where disease categories are modeled as a 

categorical variable similar to ANOVA, often referred to as an “analysis of covariance” 

(ANCOVA) model, or alternatively as ordinal (Normal, Cirrhosis, Early-stage HCC and 

Late-stage HCC are coded as 1 to 4) in order to study the trend of CD90 expression with the 

progression of disease. For simplicity, we refer to the latter as multiple linear regression and 

the former as ANCOVA. P-value<0.05 was accepted as statistically significant. The reason 

we treated the group as both categorical (in ANCOVA) and ordinal ( in the linear 

regression) is that, by treating the group as categorical, we can only test whether outcomes 

are different by groups but cannot test the trend (namely, we do not know how they are 

different). However, by treating the group as ordinal, we can also test whether the outcome 

is increasing with the severity of the disease (normal, cirrhosis, early-stage HCC, late-stage 

HCC).

Results

CD90 expression in non-cancerous liver tissue

In normal liver, CD90 expression was limited to the portal tract area. CD90+ mature 

hepatocyte was not detected (Figure 1A). In cirrhosis, the majority of expression was found 

in the portal zone and fibrous septa. Many inflammatory cells in fibrous septa also expressed 

CD90. Interestingly, the expression of CD90 was observed in the cytoplasm of hepatocytes 

in 14/21 (66.7%) cirrhotic tissues as well (Figure 1B).

CD90 expression in liver cancers

In HCC tissues, CD90 expression was observed in cancer cells, in the stroma, and on 

endothelia (Figure 1C). The majority of CD90 expression was in stroma. On the tumor 

islands of HCC, the mean (S.E.) for the percentage of CD90+cancer cell population was 5.93 

Thakolwiboon et al. Page 5

J Proteomics Bioinform. Author manuscript; available in PMC 2015 September 12.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



(0.32)% of cancer cells. In HCC cancer cells, CD90 is localized to the cell membrane and 

cytoplasm (Figure 2).

In intrahepatic cholangiocarcinoma, CD90 expression was observed only in stroma and 

endothelium, not on cancer cells (Figure S1A). The high cytoplasmic CD90 expression was 

observed in a few cancer cells of hepatic MFH, a rare malignant mesenchymal tumor, while 

the vast majority showed low CD90 expression (Figure S1B). CD90 was expressed only in 

the perivascular area of hepatic angiosarcoma. In other areas, no CD90 expression was 

detected (Figure S1C).

As a consequence of an immune response against tumor, leukocytes are recruited to the 

tumor stroma. Importantly, CD90 expression on the subpopulation of leukocytes has been 

reported [30,31]. Hence, the exclusion of leukocytes is necessary in order to identify the real 

CD90+ stromal population. In this study, CD45 was used as a marker to identify the 

leukocyte population. Double IF staining of CD45 and CD90 showed CD45−/CD90+ cells, 

indicating the presence of a non-leukocyte CD90+ population in stroma (Figure 3A). The co-

expressions of CD31 with CD90 in HCC, cholangiocarcinoma, and MFH were observed by 

double IF staining (Figure 3B). This confirmed that CD90 also is expressed on the tumor 

endothelium of these aforementioned tumors. In angiosarcoma, the sarcoma with vascular 

origin, co-expression was also observed only in the perivascular area.

Changes of CD90 expression in stages of hepatocarcinogenesis

CD90 expression was quantified by 2 variables, the percentage of CD90+ cancer cells/

hepatocytes and the level of expression (OD/area). Since this work is focused on CD90 

expression during hepatocarcinogenesis, non-HCC liver cancers were excluded from the 

analysis. Early- and late-stage HCC were defined by stage I-II, and stage III-IV according to 

the AJCC system [32]. Patient characteristics are described in Table 1. Age and gender were 

significantly different among disease categories; compared with other groups, the normal 

group is younger and has more females. Therefore, age and gender are adjusted in the 

adjusted analyses (ANCOVA and multiple linear regression).

We analyzed the differences in the percentage of CD90+ cancer cells/hepatocytes, level 

(OD/area) of overall CD90 expression as well as the level of expression in the tumor and 

stromal areas separately among disease categories of hepatocarcinogenesis. Boxplots of 

CD90 expression, as well as p-values, are displayed in Figure 4. An abrupt increase of the 

percentages of CD90+ cancer cells/hepatocytes (Figure 4A) and CD90 expression in the 

tumor region (Figure 4B) were observed between cirrhosis and early-stage HCC while the 

changes between early- and late-stage HCC were relatively small. ANOVA and ANCOVA 

adjusted for age and gender show that there are statistically significant differences in CD90 

expression, namely, percentage of CD90+ cancer cells/hepatocytes, the level of overall 

CD90 expression, the level of expression in tumor cells during development of HCC, and 

the level of CD90 expression in the stroma, among disease categories. Besides Boxplot 

values of raw means and medians are also shown in Tables S2A-D for each disease 

category. Since differences in raw group-specific means are possibly due to differences in 

confounders, Tables S2A-D further show least square means controlling for differences in 

age and gender among groups, estimated from ANCOVA, and specifically the least square 
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means are the estimated mean for each group fixing age and gender proportion at the overall 

average. In addition, multiple linear regression treating the disease category as an ordinal 

variable revealed a significant increase in the percentage of CD90+ cancer cells/hepatocytes, 

the level of overall CD90 expression, and the level of expression in tumor cells during 

development of HCC. Interestingly although CD90+ stromal cells are the majority of CD90+ 

population, the increase in the level of CD90 expression in the stroma as the disease 

progresses was not statistically significant, although differences among disease categories 

were found. We also tested group difference for various outcomes using the nonparametric 

Kruskal-Wallis Test, and the results were qualitatively the same as those using ANOVA but 

more statistically significant.

Co-expression between CD90 and other cancer stem cell markers

IHC staining to recognize the expression pattern of CD24, CD44 and CD133 was also 

performed. The immunoreactivities of CD24, CD44 and CD133 were observed 

predominantly in the cytoplasm of cancer cells (Figure S2). In order to examine the co-

expression between CD90 and other cancer stem cell markers, double IF studies were 

conducted. The mean (S.E.) for CD90+ cancer cells that expressed CD133 was only 5.11 

(1.8)%, while CD24 and CD44 were expressed by the majority 88.9 (4.4)% and 92.7 (4.6)% 

of CD90+ cancer cells, respectively (Figure 5). No co-expression of CD90 and CD24, CD44 

or CD133 was observed in the stromal population as well as normal liver or normal adjacent 

tissue.

Discussion

CD90 is a 25-37 kDa GPI-anchored protein that maps to human chromosome 11q22.3. 

Expression of CD90 has been observed in various cell types and diseases. For each cell type 

and disease, it has different functions and is involved in various signaling pathways [33]. 

CD90+ cells from HCC cell lines, tumor specimens, and blood samples have been 

functionally proven to be enriched for CSCs [12]. However, subsequent studies in cell lines 

and patient's specimens using CD90+ cells from fluorescent-activated cell sorting (FACS) 

exhibited mesenchymal phenotypes, and its role in tumorigenicity was not consistently 

demonstrated in different cell lines [34,35].

This study has demonstrated the heterogeneity of the CD90+ population in HCC where 

CD90 was found on the tumor, stromal or endothelial cells, and the majority of CD90+ cells 

are in stroma. However, the significant increase of CD90 expression in advanced stages of 

hepatocarcinogenesis was found in the tumor component, not the stroma as shown in Figure 

4. This may explain the inconsistency of tumor initiation capacity in different cell lines 

where CD90+ phenotype was described as mesenchymal cells when using FACS for cell 

isolation as mentioned above. While the majority of CD90+ cells were stromal cells, a small 

fraction were cancer cells, and some endothelia also expressed CD90.

As a result of host response to the tumor, lymphocytes that may express cell surface protein 

CD90 are recruited to tumor stroma. An anti-CD45 antibody that reacts with all isoforms in 

all nucleated cells of the haemopoietic linage [36] was used to demonstrate the existence of 

CD45−/CD90+ stromal cells. These CD45−/CD90+ cells, as detected in the stroma of HCC 
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were identified as the genuine stromal cells. This subpopulation may include CAFs and 

MSCs as demonstrated in prostate cancer [37,38].

Similar to an earlier report [39], we did not detect CD90 expression on quiescent 

endothelium. Only some endothelia in cirrhosis, and HCC expressed CD90. Under non-

physiological conditions, CD90 expression on endothelium is associated with pathological 

angiogenesis, involving the interaction with proinflammatory or cancer cells, and is related 

to cancer metastasis [39-42].

CD90 expression in cirrhosis was observed in a small percentage of hepatocytes, and fibrous 

septa. The characteristics of CD90+ hepatocytes in cirrhosis have not been explored. 

According to a model of CSC evolution [10], these cells could possibly be pre-malignant 

neoplastic stem cells. Interestingly, CAF properties were found in multipotent adult stem 

cells, which also express CD90, from both HCC, and cirrhosis [43]. These findings suggest 

that the CD90 molecule in cirrhosis plays a crucial role in oncogenesis of HCC. In normal 

liver, we found CD90+ cells in the portal tract area. This population is known to include 

hepatic progenitor cells [44].

In order to quantify the expression of CD90 in various components of tissue, we used a 

computer-assisted strategy to evaluate the IHC staining on TMAs. The level of expression 

was measured by the OD/ area ratio. Since OD has a linear relationship with stain 

concentration [29], the OD/area ratio represented the amount of CD90 in a particular area or 

CD90 expression density. This approach can quantitatively compare the expression of a 

protein of interest which is expressed in different regions of the tissue without the need to 

isolate the population of interest or perform protein extraction. This allows us to avoid 

erroneous results from mixed populations which is a common pitfall in proteomic studies.

Our results demonstrate the increase in overall CD90 expression in advanced stages of 

hepatocarcinogenesis which is consistent with the finding from an mRNA study of whole 

tissues [26]. However, this study did not study CD90 expression in different cell types. 

Because CD90 is expressed on various cell types, it is crucially important to identify the 

specific subpopulation that has a significant impact on disease. Hence, we explored CD90 

expression by separately analyzing the expression on tumor and stromal components. While 

the CD90 expression on stroma did not increase significantly, significant overexpression on 

the tumor islands and an increase in percentage of CD90+ cancer cells/ hepatocytes were 

observed in later stages of hepatocarcinogenesis. These results indicate that only CD90+ 

cancer cells are involved in tumor initiation. Also, the co-expression of CD90 with other 

CSC markers, CD24 and CD133, was only observed on cancer cells, not on other CD90+ 

cell types. These findings suggest that only CD90+ cancer cells serve as CSCs in HCC.

Although the percentage of CD90+ cancer cells in our study showed a considerable 

difference when compared with a previous report using FACS [12], evidence from another 

IHC study [22] has indicated a result consistent with our work. This difference can be 

explained by the morphological heterogeneity of the CD90+ population, which FACS is not 

able to distinguish.
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Our results indicate that the co-expression of CD90 and CD133 in cancer cells was rare 

while most of CD90+ cancer cells expressed CD44. This fact supports the hypothesis that 

CD44+ and CD90+ share the same cellular origin and CD133+ CSCs originate from the 

pluripotent stem cells which have different origins from CD44+ and CD90+ [45]. We also 

found that the overlap between CD24 and CD90 was very high and specific to cancer cells. 

Since the CSC properties of the CD24+ [11], CD44+ and CD90+ [12] population have been 

demonstrated in previous studies, the combination of CD90 with CD24 or CD44 could be 

used to enrich the CSC population in HCC.

A study in a mouse model demonstrated that CD24+ cells in normal adult mouse liver were 

able to differentiate into hepatocytes [46]. This suggests that CD24+ hepatic progenitor cells 

which were differentiated from CD90+ pluripotent stem cells may be the origin of CD24+/

CD90+CSCs. However, the biological connection of CD24 and CD90 in humans still 

requires further studies.

Conclusion

This is the first study that points out the heterogeneity of CD90+ population and their 

changes in different stages of hepatocarcinogenesis. By quantitative analysis using 

computer-assisted IHC evaluation, we discovered that only the CD90 expression on the 

tumor islands or liver parenchymal, instead of the stroma, undergoes a significant increase 

during disease progression. Additionally, only CD90+ cancer cells expressed other CSC 

markers while other CD90+ populations did not express these markers. This heterogeneity in 

the CD90+ population should be emphasized in CSC isolation in future studies since the 

results can be confounded by a mixed population.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. CD90 expression in liver disease spectrum
(A) Normal liver. Arrows indicate CD90 expression in portal area. Mature hepatocytes do 

not express CD90 protein.

(B) Chronic hepatitis with cirrhosis. Red arrows indicated CD90+ population in fibrous septa 

which was infiltrated by inflammatory cells. Blue arrows indicated CD90+ hepatocytes.

(C) Hepatocellular carcinoma. Red arrows indicated CD90 expression in tumor stroma. 

CD90+ neoplastic cells were indicated by blue arrows. Green arrows indicate CD90+ 

endothelium.
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Figure 2. Expression pattern of CD90 in neoplastic cells of hepatocellular carcinoma
Membranous (A) and cytoplasmic (B) expressions in neoplastic cells were demonstrated by 

immunohistochemical staining.
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Figure 3. CD90+ stromal populations in hepatocellular carcinoma
(A) Co-immunofluorescence staining showed the presence of non-leukocyte (CD45−) 

CD90+ stromal population. CD90 (green), CD45 (red), and nucleus (blue). Arrows indicate 

CD45−/CD90+ cells.

(B) The co-expression of CD90 and CD31 (endothelial marker). CD90 (green), CD31 (red), 

and nucleus (blue). Arrows indicate their co-expression on endothelium.
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Figure 4. Boxplots represent changes of CD90 expression during hepatocarcinogenesis
(A) Percentage of CD90 cancer cells/hepatocytes, (B) level of CD90 expression in tumor 

region, and (D) level of overall expression increased significantly during disease 

progression.

(C) Though levels of CD90 expression in stroma were significantly different among 

different disease categories, they did not show an increasing trend during 

heptocarcinogenesis.

(Normal n=15, Cirrhosis n=21, Early-stage HCC n=67, Late-stage HCC n=82)

Inserted table: ‘multiple linear regression’ refers to the analysis where the group is treated as 

an ordinal variable; ‘ANCOVA’ (analysis of covariance) refers to the adjusted analysis 

where the group is treated as categorical variable.
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Figure 5. Co-expression of CD90 and other neoplastic stem cell markers in hepatocellular 
carcinoma
(A, B) Co-expression with CD24 and CD44 was observed in a majority of CD90+ neoplastic 

cells. CD90 (green), CD24 or CD44 (red), and nucleus (blue). White arrows indicated 

examples of CD24+/CD90+ cells. Yellow arrows showed that CD90+ stromal cells did not 

express CD24 or CD44.

(C) The co-expression of CD90 and CD133 was rarely observed. CD90 (green), CD31 (red), 

and nucleus (blue). Arrows indicated their co-expression on neoplastic cells.
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Table 1

Case characteristics
*
.

Normal (n=15) Cirrhosis (n=21) Early-stage HCC (n=67) Late-stage HCC (n=82) p-value

Age (yr) 28.5 ± 14.1 50.7 ± 8.7 51.2 ± 9.2 51.0 ± 12.5
<0.0001

†a

Gender

M 8 19 56 67
0.0289

†b

F 7 2 11 15

Onset of hepatitis (yr) 16.3 ± 11.7 13.1 ± 9.4 16.0 ± 10.8
0.6054

a

Histological grade

Grade 1 6 8
0.0830

b

Grade 2 46 49

Grade 3 8 20

Grade 4 0 0

*
Plus-minus differences are mean ± SD

†
p<0.05

a
p-value by ANOVA

b
p-value by chi-square test
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