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Abstract
AIM: To assess the distribution of proteins coded by genes reported as relevant for the molecular classification of hepatocellular carcinoma (HCC).
METHODS: In this retrospective cross-sectional study, the following clinicopathological data were analyzed in 80 autopsied HCC patients: sex, age, ethnicity, alcohol intake, infection with hepatitis B and/or C virus, infection with human immunodeficiency virus, prior treatment, basic and immediate causes of death, liver weight, presence of cirrhosis, number and size of nodules, gross pattern, histological grade and variants, architectural pattern, invasion of large veins, and presence and location of extrahepatic metastases. The protein products of genes known to be involved in molecular pathogenesis of HCC, including epidermal growth factor receptor (EGFR), MET, keratin 19 (K19), vimentin, beta-catenin, mechanistic target of rapamycin (mTOR), extracellular signaling-related kinase (ERK)1, ERK2, Ki67, cyclin D1, caspase 3 and p53, were detected by immunohistochemistry on tissue microarrays. The expression levels were scored and statistically assessed for correlation with HCC parameters. 
RESULTS: Infection with hepatitis C virus was identified in 49% of the 80 autopsy patients, cirrhosis in 90%, advanced tumors in 95%, and extrahepatic metastases in 38%. Expression of K19, p53 and ERK1 correlated to high-grade lesions. Expression of ERK1, nuclear beta-catenin, cyclin D1 and ERK2 correlated to higher rates of cell proliferation as determined by Ki67. Expression of MET, EGFR (> 0) and caspase 3 correlated with lower histological grades. Expression of EGFR correlated to that of caspase 3, and overexpression of EGFR (≥ 200/300) was observed in low-grade tumors more frequently (grades 1 and 2: 67% vs grade 3: 27% and grade 4: 30%). Expression of ERK1 was associated with that of K19 and vimentin, whereas expression of ERK2 was associated with that of cyclin D1, MET and membrane beta-catenin. Expression of vimentin was strongly correlated with that of K19. 
CONCLUSION: Expression of K19, p53, ERK1, ERK2, vimentin and nuclear beta-catenin was related to higher-grade markers, as opposed to expression/overexpression of EGFR, MET and caspase 3.
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Core tip: This study assessed the immunohistochemistry-detected expression of several protein products of genes known to be involved in the molecular pathogenesis of hepatocellular carcinoma (HCC) in a retrospective autopsy cohort of patients with HCC. The data showed that expression profiles of these markers may be related to different pathways underlying HCC progression and metastasis, and that the Edmondson-Steiner’s tumor grade may reflect currently recognized molecular subclasses of HCC. This cross-sectional analysis supports the strategy of translating genomic data into panels of immunohistochemical markers for risk evaluation in HCC and also reinforces the paramount importance of histological grade in this context.
INTRODUCTION
Hepatocellular carcinoma (HCC) has a high incidence in East Asia and Africa, where the rate of infection with hepatitis B virus (HBV) and intake of aflatoxin are more prevalent. Recent years have seen increasing rates of HCC incidence and mortality in western countries, including Brazil, where cirrhosis-related infection with the hepatitis C virus (HCV) predominates[1,2].

The recent revival of interest in autopsy studies for advanced neoplasms derives from the unique opportunity a corpse presents to assess morphological and molecular aspects of the progression and dissemination patterns of both primary and metastatic tumors[3-5]. 

Gene expression studies have proven useful for grouping HCC according to molecular profiles[6-8]. A meta-analysis of genetic studies by Hoshida et al[9] defined at least two groups of HCC. Subsequent analysis characterized more aggressive types of HCC (Hoshida’s S1/S2 subclasses) by the expression of keratin 19 (K19), p53 mutation, and/or regulation by the MET receptor[10]; moreover, this high-proliferation HCC group also appeared to be related to a stem-cell phenotype. A less aggressive type of HCC (Hoshida’s S3 subclass) retains the hepatocyte-like phenotype and includes the molecular categories featuring chromosome 7 polysomy [wherein the epidermal growth factor receptor (EGFR) gene and MET oncogene are located] and CTNNB1-mediated activation of the Wnt pathway[11,12]. Two other molecular categories feature activation of the interferon pathway and amplification of the VEGFA gene[13]. 

In the present study, we assessed the expression of protein products of genes that have been reported as relevant for the molecular classification of HCC using an autopsy cohort of patients with HCC. 

MATERIALS AND METHODS

Autopsies and tissue microarrays

Among the total 5836 medical autopsies performed in the Pathology Department of the University of Sao Paulo School of Medicine Hospital between the years of 2003 and 2009, 188 presented primary liver tumors. Excluding tumors that were determined to be cholangiocarcinomas (n = 65), combined hepatocellular-cholangiocarcinoma (n = 1), epithelioid hemangioendothelioma (n = 1) and other malignant non-HCC neoplasms and poorly preserved specimens (n = 13), 108 cases were confirmed as HCC. These cases, and all related data, were recorded consecutively in the paper files and electronic database of the Hospital das Clínicas of the University of Sao Paulo School Of Medicine, Brazil’s largest academic hospital, and were accessed for study in accordance with the investigative protocols of the hospital’s Ethics Committee for Research Project Analysis (CAPPesq). Archived pathological slides were reviewed for each case, and sufficient preserved tumor tissue and cli​nicopathological data was available for 80 of the 108 HCC cases reviewed. 

All corpses had been preserved by routine refri​geration. Standard immunostaining practices were used for detection of vimentin expression. Normal (non-cancerous) tissues were also obtained from the HCC patients for use as internal controls and examined to provide evidence of adequate tissue preservation prior to continuing with further immunohistochemistry procedures. Detailed pathological data were recorded. Clinical and demographic data were retrieved from medical records and autopsy reports. The primary objective of the histological review was to define the major architectural patterns and histological grading (1-4) according to the system set forth by Edmond​son and Steiner[14]. Tumors showing heterogeneous histological grades were classified as the highest gra​de shown[15]. HCC nodules < 2 cm were considered incidental. Presence of multiple intrahepatic nodules (≥ 4)-regardless of either massive or diffuse type-prompted analysis of primary HCC and intrahepatic metastases as intrahepatic tumors. Paraffin-embedded tissue blocks of primary HCC, extrahepatic metastases and non-neoplastic liver were selected for use in construction of tissue microarray (TMA) and immunohistochemistry (IHC). Liver fibrosis was classified using a standard 0-4 system, wherein F0 indicated no fibrosis, F1 indicated portal fibrosis without septa, F2 indicated portal fibrosis with few septa, F3 indicated numerous septa without cirrhosis, and F4 indicated cirrhosis. 

TMAs
TMAs are produced by extracting the tissue cores from many paraffin-donor blocks and then re-embedding into a single recipient block at defined array coordinates. For this study, two or three 1.0 mm cores of each original sampled tissue-primary HCC, extrahepatic metastases, and non-neoplastic liver-were selected for TMA. Cores of the primary HCC and extrahepatic metastases samples were used to construct two (duplicate) TMAs each, and the cores of the non-neoplastic samples were used to construct one TMA. For heterogeneous tumors, different areas were cored separately. When more than one primary HCC was present in a single case, all tumors were sampled, but data were computed for the largest one. Available non-neoplastic liver samples were selected as far from the tumor border as possible, usually from a different paraffin block. All available extrahepatic metastases and large vein invasion samples were cored.

IHC and case categorization

Table 1 summarizes the protocols of the IHC procedures and respective antibodies used in this study.

In brief, the slide-mounted sections of the paraffin-embedded tissues were deparaffinized and rehydrated. Antigen retrieval consisted of submerging the slides in 10 mM citrate buffer (pH 6) and steam heating for 40 min. After washing with distilled water, blocking of endogenous peroxidase was carried out by incubating with 6% hydrogen peroxide solution in methanol at room temperature for 10 min and repeating twice. Universal protein blocking was carried out by incubating CASBlock™ solution (Invitrogen, United States) at 37 ℃ for 10 min. Antigen detection with the primary antibody was carried out by incubating first at 37 ℃ for 30 min and then at 4 ℃ for 18 h. With the exception of EGFR PharmDx, all signal amplifications were achieved by application of the Novolink™ polymer system (Novocastra, United States) with incubation at 37 ℃ for 30 min. The immunoreactive signal was visualized by first incubating with chromogen 3-3′-diaminobenzidine (60 mg/dL in a phosphate buffer pH 7.4) at 37 ℃ for 5 min, followed by washes with distilled water, counterstaining with Harris’ hematoxylin by incubation at room temperature for 1 min, dehydration in a progressive alcohol series, clearing in xylene, and mounting with Entellan™ (Merck, United States).

Assessment of EGFR was carried out by applying the EGFR PharmDx Kit (Dako, United States) according to the manufacturer’s instructions. EGFR membrane expression was classified according to staining intensity, with scoring from 0 to 3+, and according to distribution among the HCC cells (0% to 100%). A score from 0 (no staining) to 300 (100% strong staining) was assigned to each spot by two independent pathologists. For spots where the two pathologists gave differing scores, a consensus score was reached with the two working in tandem on a two-observing microscope. For each case, a final score was calculated as the arithmetical average of all spots for that sample. The score for metastatic disease was calculated as the arithmetical average of the available metastases. Cases or samples were classified as EGFR-expressing when the score was > 0 and subclassified as “EGFR-overexpressing” when the final score was ≥ 200. 

Membrane beta-catenin, mechanistic target of rapamycin (mTOR), MET, caspase 3, vimentin, extra​cellular signaling-related kinase (ERK)1 and ERK2 were analyzed using a scoring system similar to that described for EGFR, with both intensity and distribution of immunostaining being considered to obtain a score between 0 and 300. The cut-off values for expression and overexpression were set at 100 (of 300) and 200 (of 300), respectively, for membrane beta-catenin, mTOR, MET, ERK1 and ERK2. Any expression of vimentin in tumor cells was considered abnormal, with the cut-off being 0 (of 300). For caspase 3, an expression score < 10 (of 300) was considered to indicate a “loss of expression”. 

Nuclear staining of Ki67, cyclin D1 and p53 was calculated for each spot by cell counting, with the result expressed as a percentage of the labeled cells. Nuclear K19 expression was estimated at 10% intervals of positive cells. Nuclear beta-catenin was semi-quantitatively scored at 0 (no staining), 1+ (weak or focal staining), 2+ (moderate staining) and 3+ (diffuse strong staining).
Statistical analysis

SPSS statistical software, version 15.0 (SPSS Inc., United States) was used for all statistical analyses. All numeric variables were tested by the Kolmogorov-Smirnov goodness-of-fit test to assess normal distribution. Frequency distributions of the clinicopathological data and the immunohistochemical categories were assessed using Fisher’s exact or 2 tests, with the threshold of significance set at 0.05. If any difference was detected in a set of three variables, pairwise tests were used to detect outliers. Spearman’s correlation coefficient was used to assess correlations among scores and other categorical variables.

RESULTS

Demographics and pathological data

The clinicopathological data and organ distribution of metastases are summarized in Tables 2 and 3. Patients with cirrhosis (90.0%) accompanied by clinically-relevant non-incidental HCC predominated in this autopsy series (95.0%). HCV infection was a major factor in 39 patients (48.7%), followed by significant alcohol intake (30.0%) and HBV infection (18.7%). A history of chronic alcohol intake was present for male patients exclusively (42.9%, P < 0.0001). 

The majority of females with HCC had HCV infection (72.2%), compared to less than one-half of the males (41.9%, P < 0.05). Females also had a smaller average tumor size (3.2 ± 2.0 cm) than the males (6.0 ± 4.4 cm, P < 0.01).

HCC was detected in 8 patients with non-cirrhotic livers (10%), consisting of 4 without fibrosis (F0), 2 with mild fibrosis (F1), 1 with bridging fibrosis (F2), and 1 classified as non-cirrhotic not otherwise specified. 

Tumor sizes of ≥ 6.0 cm were found in 80% of the non-cirrhotic livers and in 30.2% of cirrhotic livers (P < 0.05). Non-cirrhotic cases also had a higher proportion of unknown risk factors for HCC (62.5%) than the cirrhotic cases (19.4%, P = 0.02).

Eleven of the HCC cases (14%) had undergone chemoembolization treatment prior to death, in​cluding 1 patient who received chemoembolization plus ethanol injection, 1 who received systemic chemotherapy in addition, and 1 who died of recurrent HCC after subsequent liver transplantation. Most of the HCC cases in our autopsy cohort (82%) had not received specific oncological treatment, mainly due to the acute presentation of advanced disease.

Four cases of incidental small HCC (5.0%) were detected in the cirrhotic livers, comprised of 1 patient with HCV, 1 with HBV, 1 with HBV + alcohol, and 1 of unknown cause; each cases had one or two nodules of size ranging between 0.8 cm and 1.5 cm.

Multiple intrahepatic tumors were detected in 31.6% (6/19) of cases with grade 2 HCC and in 69.8% (37/53) of the cases with grade 3 or 4 when combined (P < 0.01). Accordingly, the proportions of HCC cases classified as nodular, massive and diffuse among the grades 3 and 4 combined group were 67.7%, 88% and 75% respectively. 

A trabecular pattern was predominant among the cases in the combined-group of patients with tumors of grades 1 and 2 (61.9%) and in patients with grade 3 tumors (47.8%). A solid pattern was seen in 90.9% of the group of patients with grade 4 HCC.

Extrahepatic metastases were detected in 53.5% of cases of multiple intrahepatic tumors, and in 10.3% of cases with one to three intrahepatic tumors (P < 0.001). Consistently, cases with extrahepatic metastases had increased liver weight (2388.3 ± 842.1 g) as compared to cases without extrahepatic metastases (1501.3 ± 625.5 g, P < 0.01).

Immunohistochemistry

The expression patterns and cut-off points used for the different markers in primary HCC, metastases and non-neoplastic liver are summarized in Table 4 and shown in Figures 1 and 2. The discrepancy in numbers of cases presented in each table (Tables 4, 5 and 6) reflects the loss of some spots during TMA processing.

The non-neoplastic liver tissues, mostly repre​sentative of cirrhosis, showed higher rates of EGFR overexpression, higher caspase 3 expression (P = 0.009), lower p53 expression (P = 0.002) and lower rates of Ki67-evidenced cell proliferation (P < 0.001) than the primary HCC samples. K19 expression was below the threshold of detection for all non-neoplastic hepatocytes examined. High-level expression of ERK1 (P = 0.006) and ERK2 (P = 0.029) was only detected in tumor samples, and predominantly in metastases samples. Cyclin D1 was more frequently expressed in metastases samples than in other samples (P = 0.018). There was a trend towards increased expression of vimentin and nuclear beta-catenin in tumor samples and metastases when compared to non-neoplastic liver samples. The expression of mTOR, MET, ERK1 and ERK2 was higher in metastases samples than in intrahepatic liver tumor samples, although the difference between the two did not reach statistical significance.

Table 5 summarizes the relation of histological grade and expression of the immunohistochemical markers of HCC. While EGFR overexpression and MET expression were more common in the combined-group of patients with grades 1 and 2 HCC, K19 expression and loss of caspase 3 were more frequent in the group with grade 4 HCC. The combined-group of patients with grades 1 and 2 HCC showed a trend towards very low Ki67 index (< 0.1%).

Table 6 presents the association coefficients for the scores or values of the immunohistochemical markers of HCC and the grade of primary HCC. Although the association coefficients were mostly moderate or weak, some clear segregation existed between markers that were positively associated with the histological grade and cell proliferation (such as p53, K19, and nuclear beta-catenin-in group 1) vs markers with the opposite profile (e.g., MET, EGFR and caspase 3-in group 3). Vimentin was significantly associated with K19. In group 2, the immunohistochemical markers of mTOR, membrane beta-catenin and cyclin D1 showed intermediate characteristics, and were less associated with histological grade, but still showed association with Ki67-evidenced cell proliferation. ERK1 and ERK2 were both associated with Ki67-evidenced cell proliferation and with each other’s expression. However, ERK1 was associated with K19 and vimentin, while ERK2 was associated with cyclin D1, MET and membrane beta-catenin.

DISCUSSION

A few recent studies have sought to translate ge​nomic data into panels of immunohistochemical markers, aiming to generate risk models for survival and prognostic evaluation of HCC[16,17]. Although immunohistochemical studies do not always directly reflect the underlying molecular mechanisms of a given tumor, this cross-sectional analysis in a large post-mortem series supports the feasibility of such a strategy and reinforces the paramount importance of the histological grade. 

Overexpression of EGFR has been reported in HCC and the surrounding chronically inflamed tissue. In our autopsy cohort, EGFR overexpression was found to be related to more differentiated HCC. Previous studies have presented conflicting results on this topic, either reporting detection of higher EGFR expression in high-grade tumors[18,19] or demonstrating a complete absence of any association[20,21]. Our findings are similar to those described by Morimitsu et al[22], who showed a progressive loss of EGFR expression in less differentiated HCC in surgical specimens.

Our study also found that expression of Ki67, cyclin D1 and caspase 3 indicate higher proliferative activity and lower rates of apoptosis in more aggressive tumor populations, especially in metastases. However, these findings may not accurately reflect the histological grade since the metastases samples examined showed morphological similarities to the intrahepatic tumor samples examined. Similarly, lower expression of caspase 3 has been previously reported as present in less differentiated prostate adenocarcinomas[23]. Conversely, Persad et al[24] showed increased expression of caspase 3 in 52% of resected HCC samples, a distinguishing feature from the surrounding non-HCC tissue. The results from our study, presented herein, probably reflect a larger sample of poorly differentiated HCC with a higher proportion of caspase 3 loss.

The higher rates of K19 and vimentin expression we observed in metastatic HCC suggest a more aggressive behavior of K19-positive HCC; this finding could serve to reinforce previous evidence that K19 expression is a “progenitor cell feature”, while vimentin expression could denote epithelial-mesenchymal transition[25-27].

A subpopulation of HCC has been reported as presenting constitutively increased expression of cyclin D1. Activation of the cyclin D1 promoter has also been characterized as one of the prime targets of the beta-catenin pathway. Joo et al[26] linked the overexpression of cyclin D1 to well-differentiated HCC that shows a low proliferation index as evidenced by detection of Ki67. The authors, however, did not identify an association between the expression of cyclin D1 and p53, as we observed in the current study. Instead, our results are similar to those described by Schmitt-Graeff et al[28], in which an association was found to exist between the expression of cyclin D1 and cell proliferation, but not with histological grade. Unlike that finding and those reported by Prange et al[29], we identified a weak correlation between the expression of cyclin D1 and the nuclear or membrane expression of beta-catenin. Our finding is in accordance with another study that identified an association between aberrant nuclear expression of beta-catenin and the Ki67 index[30]. Dysregulation of the Wnt pathway may be more relevant in a type of HCC with a higher rate of cell proliferation, but which is distinct from tumors with stemness features.

Our study also showed that expression of ERK1 associated with histological grade, as well as with the expression of K19 and vimentin. On the other hand, expression of ERK2 correlated to that of cyclin D1, membrane beta-catenin and MET, but not to histological grade. These findings suggest that ERK1 is preferentially expressed in HCC that has a stem-cell phenotype, while ERK2 is preferentially expressed in HCC that has a dysregulated Wnt pathway and/or dysregulated MET pathway. It has been reported that activation of kinases in HCC indicates aggressive behavior and may represent an independent prog​nostic factor for progression to HCC in HCV-infected individuals[31]. This activation seems to be related to the mammalian sterile-20-like kinase 4, which functions as an enhancer of cell proliferation and invasion through its ability to promote the process of epithelial-mesenchymal transition[32]. ERK2 may play a more prominent role in the proliferation of hepatocytes, while ERK1 may play a pro-apoptotic role[33]. An HCC type having a progenitor cell phenotype may present mechanisms of escaping the pro-apoptotic action of ERK1, which are presumably related to the mutation of p53. The overexpression of ERK1/ERK2 kinases in this study’s series of advanced cases was not related to EGFR overexpression. 

Autopsy studies may have limitations that should be considered when interpreting results, particularly those related to autolytic changes that may affect immunoreactivity. In our institution, corpses are refrigerated and medical autopsies are performed as soon as all technical and legal procedures are addressed and resolved. Nevertheless, we sought to minimize the effects of autolytic changes by excluding samples with morphological features of poor preservation, specifically by examining vimentin staining (comparing to positive and negative controls) to assure that protein preservation was good enough to yield reliable immunohistochemical studies[34]. 

In conclusion, in the present autopsy cohort we found relevant associations between immuno​histochemical markers with morphological features of tumors, especially that of histological grading of HCC[35]. The expression of K19, p53, ERK1, ERK2, vimentin and nuclear beta-catenin showed an association with pathological markers of higher-grade tumors, as opposed to cases expressing/over-expressing EGFR, MET and caspase 3. Further studies in the clinical setting are warranted to assess the prognostic value of this approach not only in advanced cases but also in early stages of HCC, especially in surgical resections or in explants.

COMMENTS

Background

Hepatocellular carcinoma (HCC) is an increasingly prevalent cancer and many patients are still diagnosed in the advanced stages, and usually as a complication of other chronic liver disease. In Brazil, chronic viral hepatitis and alcohol intake are the major related causes of HCC. Autopsy studies of advanced tumors provide a unique opportunity to assess important pathological aspects of progression and dissemination patterns of HCC.

Research frontiers

Recent studies have sought to translate genomic data into panels of immunohistochemical markers, aiming to generate risk models for survival and prognostic evaluation of HCC. Morphological and immunohistochemical data may be incorporated in clinicopathological indices to predict HCC molecular classification and prognosis. The primary objective of the current study was to assess the distribution of proteins coded by genes reported as relevant to molecular classification of HCC based upon a detailed clinicopathological analysis of an autopsy cohort.

Innovations and breakthroughs

This retrospective cross-sectional analysis of a large post-mortem cohort series shows that a panel of immunohistochemical markers may be related to different pathways underlying progression and metastasis of HCC, and that the Edmondson-Steiner’s tumor grade may reflect currently recognized molecular subclasses of the disease. It also provides a detailed description of clinicopathological data in a unique autopsy series of HCC patients in Brazil.

Applications 

The findings from this study form a foundation for further investigations of morpho-molecular correlations, not only in advanced cases of HCC but also in early stage cases and especially in surgical resections or explants.

Terminology

Edmondson-Steiner’s tumor grade classifies HCC on a scale from 1 to 4, based on nuclear and cellular atypia; described in 1954, this system is the most widely accepted for tumor grading of HCC. Immunohistochemistry technique is used to detect cell or tissue antigens in two phases: (1) slide preparation, which involves specimen fixation, tissue processing and the immunohistochemical reaction (antigen retrieval, blocking of non-specific interaction sites, blocking of endogenous peroxidase, incubation with primary antibody, detection of immunoreactivity and counterstaining, as well as slide mounting); and (2) interpretation and quantification of the detected expression. Tissue microarrays contain many small representative cylindrical cores of tissue from different cases assembled on a single paraffin block and correspondent histological slide, thereby facilitating high-throughput analysis of multiple specimens simultaneously; it is produced by extracting the tissue cores from different (hundreds of) paraffin-donor blocks and re-embedding these into a single recipient block at defined array coordinates, thereby permitting simultaneous analysis of protein expression under standardized conditions on a single glass slide and also providing maximal preservation and use of limited and irreplaceable archival tissue samples.

Peer-review

The authors have conducted a detailed and elegantly illustrated histological study showing that groups of markers may be related to different pathways underlying HCC progression and metastasis, and that Edmondson-Steiner´s tumor grade may reflect currently recognized molecular subclasses of HCC.
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Figure 1  Panel of immunohistochemical markers. Ki67 in A: Cirrhosis (low); B: Grade 2 (low); C: Grade 3 (moderate); D: Grade 4 (high). K19 in E: Cirrhosis (negative in hepatocytes); F: Grade 3 (focal); G: Grade 3 (moderate); H: Grade 4 (moderate); p53 in I: Cirrhosis (negative); J: Grade 2 (focal); K: Grade 3 (moderate); L: Grade 3 (diffuse). ERK1 in M: Cirrhosis (negative); N: Grade 2 (weak); O: Grade 3 (moderate); P: Grade 3 (strong). Beta-catenin in Q: Cirrhosis (strong membrane expression); R: Grade 2 (weak membrane); S: Grade 3 (strong membrane); T: Grade 4 (nuclear expression). ERK2 in U: Cirrhosis (negative in hepatocytes and positive in endothelial cells); V: Grade 2 (negative); W: Grade 3 (moderate); X: Grade 3 (strong). Original magnification × 400.
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Figure 2  Panel of immunohistochemical markers. Vimentin in A: Cirrhosis (negative in hepatocytes and positive in sinusoids); B: Grade 2 (negative in hepatocytes and positive in sinusoids); C: Grade 3 (focally positive); D: Grade 4 (focally positive in small cell component). Cyclin-D1 in E: Cirrhosis (focal); F: Grade 2 (focal); G: Grade 3 (moderate); H: Grade 4 (moderate); mTOR in I: Cirrhosis (focal); J: Grade 2 (negative); K: Metastasis grade 3 (weak); L: Grade 4 (strong). MET in M: Cirrhosis (moderate); N: Grade 2 (weak); O: Grade 3 (moderate); P: Grade 3 (negative). EGFR in Q: Cirrhosis (moderate - score 140); R: Grade 2 (score 200); S: Grade 3 (score 60); T: Grade 4 (score 0). Caspase 3 in U: Cirrhosis (moderate); V: Grade 2 (moderate); W: Grade 3 (weak); X: Grade 3 (negative/loss). Original magnification × 400.
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Table 2  Clinicopathological features of 80 hepatocellular carcinoma autopsy cases


Feature


�
n (%)


�
�
Sex


�
�
�
   Male


�
62 (77.5)


�
�
   Female


�
18 (22.5)


�
�
Age, yr


�
�
�
   Median


�
59.5


�
�
   Range


�
28-82


�
�
   With cirrhotic liver 


�
72 (90.0)


�
�
   With incidental small HCC, < 2.0 cm


�
4 (5.0)


�
�
Etiology


�
�
�
   HCV only


�
27 (33.7)


�
�
   HCV + alcohol


�
  9 (11.2)


�
�
   HCV + HBV


�
2 (2.5)


�
�
   HCV + HBV + alcohol


�
1 (1.3)


�
�
   Alcohol only


�
11 (13.8)


�
�
   HBV only


�
  9 (11.2)


�
�
   HBV + alcohol


�
3 (3.8)


�
�
   Hemochromatosis


�
2 (2.5)


�
�
   Cryptogenic


�
10 (12.5)


�
�
   Data not available


�
6 (7.5)


�
�
Larger tumor size, cm


�
�
�
   Median


�
4


�
�
   Range


�
0.8-18.0


�
�
   Non-available/non-sizable cases


�
22 (27.5)


�
�
Number of tumor nodules


�
�
�
   1


�
24 (33.3)


�
�
   2


�
4 (5.6)


�
�
   3


�
1 (1.4)


�
�
   ≥ 4 


�
43 (53.8)


�
�
   Non-available/uncountable cases


�
  8 (10.0)


�
�
Gross pattern


�
�
�
   Nodular


�
31 (38.8)


�
�
   Massive with satellite lesions


�
25 (31.3)


�
�
   Diffuse


�
  8 (10.0)


�
�
   Non-available/non-sizable cases


�
11 (13.8)


�
�
Histological grade, Edmondson-Steiner grade


�
�
�
   1 + 2


�
22 (27.5)


�
�
   3


�
47 (58.8)


�
�
   4


�
11 (13.8)


�
�
Predominant histological pattern or variant


�
�
�
   Trabecular


�
36 (45.0)


�
�
   Acinar/pseudoacinar


�
  9 (11.2)


�
�
   Solid/macrotrabecular


�
24 (30.0)


�
�
   Mixed


�
  9 (11.2)


�
�
   Clear cell


�
2 (2.5)


�
�
HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus.








Table 1  Antibodies and immunohistochemistry parameters used in this study


Antibody


�
Manufacturer


�
Clone


�
Species


�
Dilution


�
Retrieval1


�
Positive control


�
Staining pattern


�
�
EGFR PharmDx 


�
Dako


�
2-18C9


�
Mouse


�
Pre-diluted


�
Proteinase K


�
Provided by manufacturer


�
Membrane


�
�
Ki67 Ag


�
Dako


�
MIB-1


�
Mouse


�
1:400


�
Standard


�
Tonsil


�
Nucleus


�
�
Caspase 3


�
DBS


�
3C SP03


�
Mouse


�
1:400


�
Standard


�
Tonsil/stomach


�
Cytoplasm


�
�
ERK1


�
DBS 


�
Polyclonal


�
Rabbit


�
1:100


�
Standard


�
Breast carcinoma


�
Cytoplasm


�
�
ERK2


�
DBS


�
Polyclonal


�
Rabbit


�
1:400


�
Standard


�
Breast carcinoma


�
Cytoplasm


�
�
MET


�
Cell signaling


�
Polyclonal


�
Rabbit


�
1:50


�
Standard


�
Breast carcinoma


�
Cytoplasm


�
�
mTOR


�
Cell signaling


�
Polyclonal


�
Rabbit


�
1:50


�
Standard


�
Lymphoid tissue


�
Cytoplasm


�
�
K19 


�
Novocastra


�
b170


�
Mouse


�
1:300


�
Standard


�
Cholangio-carcinoma


�
Cytoplasm


�
�
Vimentin


�
Dako


�
Vim3B4


�
Mouse


�
1:3000


�
Standard


�
Kidney


�
Cytoplasm


�
�
p53


�
Dako


�
DO7


�
Mouse


�
1:100


�
Standard


�
Breast carcinoma


�
Nucleus


�
�
Beta-catenin


�
BD


�
14Beta-catenin


�
Mouse


�
1:800


�
Standard


�
Tonsil


�
Membrane/nucleus


�
�
Cyclin D1


�
Dako


�
SP4


�
Rabbit


�
1:100


�
Steamer 10 mmol/L TRIS, 1 mmol/L EDTA, pH 9


�
Tonsil/intestine


�
Nucleus


�
�
1Antigen retrieval was performed by steam heating for 40 min in 10 mmol/L citrate buffer, pH 6. BD: BD biosciences™; DBS: Diagnostic bioSystems™; IHC: Immunohistochemistry; K19: Keratin 19; mTOR; Mechanistic target of rapamycin. 





Table 3  Dissemination in 80 hepatocellular carcinoma autopsy cases


Metastasis feature


�
n (%)


�
�
   Large vein invasion


�
12 (15.0)


�
�
   Extrahepatic metastases


�
30 (37.5)


�
�
Extrahepatic metastases sites, cases by site


�
�
�
   Lungs


�
21 (26.3)


�
�
   Lymph node


�
6 (7.5)


�
�
   Adrenal, bone, spleen, diaphragm, peritoneum


�
2 (2.5)


�
�
   Small bowel, bladder, colon, pancreas, pituitaries, 


   thyroid, pleura�
1 (1.3)


�
�






Table 4  Overall expression and cut-off points for immunohistochemical markers in non-neoplastic liver, primary hepatocellular carcinoma and metastases  n (%)


IHC marker


�
Cut-off


�
Non-neoplastic


�
Primary HCC


�
Metastases


�
P value


�
�
�
�
26 cases


�
75 cases 


�
17 cases 


�
�
�
EGFR overexpression


�
≥ 200/3001


�
17 (65)


�
29 (39)


�
   6 (38)2


�
  0.054


�
�
Ki67


�
≥ 0.1% 


�
 2 (8)a


�
 45 (63)4


�
13 (76)


�
< 0.001a


�
�
K19


�
> 1%


�
 0 (0)a


�
 12 (16)3


�
  5 (29)


�
   0.011a


�
�
Vimentin


�
> 0/300


�
0 (0)


�
 4 (6)3


�
  3 (18)


�
  0.064


�
�
Caspase 3 loss


�
≤ 10/300


�
 2 (8)a


�
 26 (36)3


�
  7 (41)


�
   0.009a


�
�
Cyclin D1


�
> 0.1%


�
  4 (15)


�
 16 (23)5


�
   9 (53)a


�
   0.018a


�
�
mTOR expression


�
≥ 100/3001


�
  8 (31)


�
 14 (21)5


�
   5 (31)2


�
  0.533


�
�
MET expression


�
≥ 100/3001


�
10 (38)


�
 12 (17)4


�
  5 (29)


�
  0.068


�
�
ERK1 overexpression


�
≥ 200/3001


�
 0 (0)a


�
 10 (14)4


�
   5 (33)3


�
   0.006a


�
�
ERK2 overexpression


�
≥ 200/3001


�
 0 (0)a


�
 10 (14)4


�
  4 (24)


�
   0.029a


�
�
p53


�
≥ 10%


�
 2 (8)a


�
 28 (42)5


�
   8 (50)2


�
   0.002a


�
�
Beta-catenin, membrane


�
≥ 100/3001


�
10 (38)


�
 42 (61)5


�
11 (65)


�
  0.113


�
�
Beta-catenin, nucleus


�
2 or 3+


�
0 (0)


�
 9 (9)5


�
  3 (18)


�
  0.070


�
�
1Score value; 2One case lost during technical processing (n-1); 3Two cases lost during technical processing (n-2); 4Three cases lost during technical processing (n-3); 5Four or more cases lost during technical processing. aP < 0.05 (outliers in pairwise test). EGFR: Epidermal growth factor receptor; ERK: Extracellular signaling-related kinase; HCC: Hepatocellular carcinoma; IHC: Immunohistochemistry; MET: MET Receptor tyrosine kinase; mTOR: Mechanistic target of rapamycin.








Table 5  Expression of immunohistochemical markers in categories of histological grade for primary hepatocellular carcinoma cases  n (%)


IHC marker


�
Cut-off


�
Cases/valid samples 


�
P value


�
�
�
�
Grades 1 + 2


�
Grade 3


�
Grade 4


�
�
�
EGFR overexpression


�
≥ 200/3001


�
 14 (67)a


�
12 (27)


�
  3 (30)


�
 0.008a


�
�
Ki67


�
≥ 0.1% 


�
   6 (30)a


�
31 (74)


�
  8 (80)


�
 0.002a


�
�
K19


�
> 1%


�
0 (0)


�
  7 (17)


�
   5 (45)a 


�
 0.005a


�
�
Vimentin


�
> 0/300


�
0 (0)


�
3 (7)


�
1 (9)


�
0.465


�
�
Caspase 3 loss


�
≤ 10/300


�
  3 (15)


�
16 (38)


�
   8 (73)a 


�
 0.006a


�
�
Cyclin D1


�
> 0.1%


�
  4 (20)


�
  9 (21)


�
  3 (30)


�
0.847


�
�
mTOR expression


�
≥ 100/3001


�
  7 (37)


�
17 (45)


�
  1 (10)


�
0.134


�
�
MET expression


�
≥ 100/3001


�
   8 (42)a


�
  6 (14)


�
0 (0)


�
 0.012a


�
�
ERK1 overexpression


�
≥ 200/3001


�
0 (0)


�
  8 (20)


�
  2 (18)


�
0.081


�
�
ERK2 overexpression


�
≥ 200/3001


�
1 (5)


�
  6 (14)


�
  3 (30)


�
0.148


�
�
p53


�
≥ 10%


�
  5 (28)


�
16 (42)


�
  7 (64)


�
0.164


�
�
Beta-catenin, membrane


�
≥ 100/3001


�
13 (65)


�
25 (64)


�
  4 (40)


�
0.343


�
�
Beta-catenin, nucleus


�
2 or 3+


�
0 (0)


�
1 (3)


�
  1 (10)


�
0.352


�
�
1Score value. aP < 0.05 (outliers in pairwise test). EGFR: Epidermal growth factor receptor; ERK: Extracellular signaling-related kinase; HCC: Hepatocellular carcinoma; IHC: Immunohistochemistry; MET: MET receptor tyrosine kinase; mTOR: Mechanistic target of rapamycin.








Table 6  General correlation between expression scores for immunohistochemical markers and categories of histological grade for primary hepatocellular carcinoma


�
Grade


�
Ki67


�
K19


�
p53


�
ERK1


�
BcatN


�
ERK2


�
Vim


�
CKD1


�
BcatM


�
mTOR


�
MET


�
EGFR


�
Group No.


�
�
Ki67


�
  0.43a


�
�
�
�
�
�
�
�
�
�
�
�
�
Group 1


�
�
K19


�
  0.37b 


�
 0.03


�
�
�
�
�
�
�
�
�
�
�
�
�
�
p53


�
  0.36c 


�
  0.29d


�
 0.08


�
�
�
�
�
�
�
�
�
�
�
�
�
ERK1


�
  0.34c 


�
  0.39b 


�
  0.37b 


�
 0.17


�
�
�
�
�
�
�
�
�
�
�
�
BcatN


�
 0.23


�
  0.44a 


�
 0.13


�
 0.24


�
 0.18


�
�
�
�
�
�
�
�
�
�
�
ERK2


�
 0.19


�
  0.63a 


�
 0.22


�
-0.10


�
  0.36c 


�
 0.24


�
�
�
�
�
�
�
�
�
�
Vim


�
 0.14


�
 0.11


�
  0.51a 


�
 0.02


�
  0.31c 


�
 0.08


�
0.14


�
�
�
�
�
�
�
�
�
CKD1


�
 0.03


�
  0.46a 


�
 -0.32c 


�
-0.10


�
 0.03


�
   0.26d


�
  0.29d


�
-0.19


�
�
�
�
�
�
Group 2


�
�
BcatM


�
-0.08


�
  0.26d 


�
-0.01


�
-0.23


�
 0.17


�
-0.07


�
 0.42a


�
 0.01


�
  0.25d


�
�
�
�
�
�
�
mTOR


�
 -0.24d


�
-0.02


�
-0.20


�
-0.21


�
   0.25d


�
-0.03


�
0.13


�
-0.13


�
0.17


�
 0.44a 


�
�
�
�
�
�
MET


�
 -0.32c 


�
 0.16


�
-0.20


�
 -0.35c 


�
-0.01


�
  0.22


�
  0.39b 


�
-0.18


�
  0.38b 


�
0.18


�
 0.40b 


�
�
�
�
�
EGFR


�
 -0.34c


�
 0.00


�
-0.14


�
-0.13


�
-0.04


�
-0.24


�
0.22


�
-0.07


�
0.13


�
0.20


�
0.11


�
0.23


�
�
Group 3


�
�
Casp3


�
 -0.42a 


�
-0.18


�
 -0.25d 


�
 -0.46a 


�
-0.19


�
-0.06


�
0.06


�
 -0.27d


�
0.19


�
0.16


�
 0.32b 


�
 0.41a 


�
0.35c 


�
�
�
aP < 0.0005, bP ≤ 0.001, cP < 0.01, dP < 0.05 by Spearman’s rho. Cases with positivity (group 1) and negativity (group 3) for immunohistochemical markers as associated with the histological grade and cell proliferation; Cases in group 2 showed intermediate features, between groups 1 and 3. BcatM: Membrane beta-catenin; BcatN: Nuclear beta-catenin; Casp3: Caspase 3; CKD1: Cyclin D1; EGFR: Epidermal growth factor receptor; HCC: Hepatocellular carcinoma; mTOR: Mechanistic target of rapamycin; Vim: Vimentin.











