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Overexpression of transglutaminase 4 and prostate cancer
progression: a potential predictor of less favourable
outcomes

Zhi Cao1,*, Yang Wang2,*, Zhi-Yong Liu1, Zhen-Sheng Zhang1, Shan-Cheng Ren1, Yong-Wei Yu2, Meng Qiao1,
Bei-Bei Zhai1 and Ying-Hao Sun1

Transglutaminase 4 has been shown to enhance various biological properties of prostate cancer cells, e.g., cell–matrix adhesion,

invasiveness and the epithelial–mesenchymal transition. The objectives of this study were to investigate the associations between

transglutaminase 4 expression and the established features and biochemical recurrence of prostate cancer. Transglutaminase 4

immunostaining was performed on a tissue microarray. The expression of transglutaminase 4 was evaluated by a scoring method based

on the intensity and extent of staining. The clinical and pathological information was obtained through a review of medical records.

Follow-up data were obtained by consulting the hospital medical records and the prostate cancer database of our department and by

contacting patients or family members. We then compared the transglutaminase 4 expression levels between the prostate cancer

tissues and the paracarcinoma tissues and evaluated the correlation of transglutaminase 4 expression with the clinical parameters and

biochemical recurrence of prostate cancer. Our results indicated that the transglutaminase 4 staining was significantly higher in

tumour tissue than in paracarcinoma tissue (P,0.001) and was positively associated with higher Gleason score (P,0.001) and higher

prostate-specific antigen level (P50.005). Patients with transglutaminase 4 overexpression experienced shorter biochemical

recurrence-free survival after surgery (P50.042) in the univariate analysis but not in the multivariate analysis (P50.139), which

indicated that transglutaminase 4 may serve as a potential predictor of biochemical recurrence of prostate cancer.
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INTRODUCTION

Prostate cancer is still a major challenge in the United States and

throughout the world. It is estimated that 241 740 new cases of pro-

state cancer and 28 170 deaths related to this disease were recorded in

2012, making prostate cancer the second-leading cause of cancer death

in men.1 In China, 33 802 new cases of prostate cancer and 14 297

deaths related to prostate cancer were recorded in 2008. It is worth

noting that the incidence rate of prostate cancer increased from 1.6/

100 000 in 2002 to 4.3/100 000 in 2008.2 In Shanghai, the incidence of

and mortality due to prostate cancer were much higher (21.33/100 000

and 8.03/100 000) during 2003–2007.3 Radical prostatectomy is the

standard treatment for organ-confined tumours; however, 20%–30%

of patients experience recurrence after surgery.4 It is important to

identify patients with poor prognosis as early as possible, especially

those who need adjuvant treatment. The present clinical prognostic

parameters are unable to accurately estimate the aggressiveness and

recurrence of prostate cancer due to the biological variability of the

tumours. Therefore, molecular markers are urgently needed to help

identify and select patients who will benefit from adjuvant therapy.

With the increased focus on this field, several markers, e.g., syndecan-1,

syndecan-2, cysteine-rich angiogenic inducer 61 and the serum

prostate-specific antigen (PSA) value adjusted for the non-cancerous

prostate tissue volume,5–7 have been investigated to determine their

prognostic significance for clinically localized diseases.

Transglutaminase 4 (TGM4), which is predominantly expressed in

the prostate gland,8,9 is a member of the transglutaminase family that

catalyses the post-translational modification of proteins by the forma-

tion of e-(c-glutamyl) lysine isopeptide bonds.10 Even though the

biological effects of TGM4 on prostate cancer cells and other cells

remain unclear, the existing data provide important indications.

Dubbink et al.9 reported that TGM4 is androgen responsive, that is,

androgen can upregulate the expression of TGM4. In prostate cancer

cells, TGM4 has been shown to exert its influence by interacting with

MDA-7/IL-24 and the HGFL/MSP-RON system.11 Further studies

have indicated that TGM4 increases the invasiveness and migration

of prostate cancer cells.12,13 In addition, TGM4 is linked to membrane

micromotion, cell–matrix adhesion, the epithelial–mesenchymal

transition and tumour–endothelium interactions.11
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The expression pattern of TGM4 in prostate cancer remains con-

troversial due to the limited amount of available literature. An et al.8

observed reduced expression of TGM4 in prostate tumour tissue and

particularly in prostate cancer tissues with higher Gleason scores.

Quantitative RT-PCR analysis of laser-microdissected prostate cancer

tissues revealed that TGM4 was downregulated in moderately or

poorly differentiated carcinoma glands compared with normal tis-

sue.14 In contrast, Jiang et al.15 demonstrated that TGM4 appeared

to be more highly expressed in human prostate cancer tissue and in

high-Gleason-score tumours (.7) than in normal tissue.

However, due to inadequate sample sizes, the correlations between

the expression level of TGM4 and relevant pathological data and fol-

low-up information are yet to be clarified. To determine the asso-

ciation of TGM4 with the progression of prostate cancer and to

assess the diagnostic and prognostic values of TGM4 for prostate

cancer, immunohistochemistry (IHC) analysis using tissue microar-

ray (TMA) slides was used to determine the expression level of TGM4

in this study.

MATERIALS AND METHODS

Patient population

This study was approved by our institutional medical ethics review

committee. This study included 159 patients who had undergone

radical prostatectomy and bilateral lymphadenectomy at the

Department of Urology, Changhai Hospital, between October 2002

and December 2008 and for whom archival tissues were available. No

patient was managed preoperatively with either hormonal or radiation

therapy, and no secondary cancers were observed. The prostatectomy

specimens were examined by two staff pathologists who were blinded

to the clinical outcome and follow-up data. The evaluation of the

specimen was performed according to the guidelines of the College

of American Pathologists.16 The clinical and pathological information

was obtained through a review of the patients’ medical records. The

stages of cancer for all patients were determined by the American Joint

Committee on Cancer (AJCC) 2002 system.

Follow-up

All patients were scheduled to have their serum PSA level evaluated

postoperatively every 3 months for the first year, every 6 months from

the second to the fifth year and annually thereafter. Follow-up data

were obtained by consulting the hospital medical records and the

prostate cancer database of our department and by contacting the

patients or their family members. Biochemical recurrence (BCR)

was defined as the sustained elevation of the serum total PSA level

above 0.2 ng ml21 on two or more occasions, and the date of BCR was

assigned as the date of the first value .0.2 ng ml21. Censoring

occurred if no BCR was observed prior to 30 November 2012.

TMA construction

The tissue microarray was constructed using archived formalin-fixed

paraffin-embedded tissue samples from prostate cancer patients.

Briefly, the original slides were reviewed by two pathologists, and

tumour tissue and paracarcinoma tissue without inflammatory zones

were selected and marked with different coloured inks. For each

patient, two cores of the sample (1 mm in diameter) were transferred

from the selected areas to the recipient block. Serial 3 mm sections of

the TMA block were cut and stained with haematoxylin–eosin to verify

that the cores adequately represented the diagnostic areas. The analysis

included 159 patients, among whom there were 125 patients with

paired tumour and paracarcinoma tissues, 18 patients with tumour

tissue only and 16 patients with normal tissue only.

IHC and scoring

IHC analysis of TGM4 was performed on 3 mm TMA sections using a

mouse monoclonal antihuman antibody (dilution 1 : 50; Abcam,

Cambridge, UK). After deparaffinisation, the samples were subjected

to a heat antigen retrieval process using citrate buffer (1 mmol l21,

pH 6.0). The slides were then incubated overnight at 4 uC with the

primary antibody after incubation with 2.5% blocking serum.

Diaminobenzidine was used as the chromogen, and haematoxylin

was used for counterstaining. The primary antibody was omitted for

the negative control. All IHC staining procedures were performed by

Dr Zhi Cao. The slides were interpreted by two independent observers

who were blinded to the clinical data, and the slides were rescored to

reach a consensus if the interobserver variability exceeded 10%. The

expression of TGM4 was evaluated using a scoring method based on

the intensity of staining (ranked from 0 to 3) and the extent of staining

(percentage of tumour cells, ranked from 0 to 4). The results were

recorded as the IE score (intensity score (I)3extent score (E) under

3200 visual field magnification), which varied from 0 to 12 and was

divided into four grades, representing negative (a score of 0–2), weak

(3–5), moderate (6–8) and strong staining (9–12). For some compar-

isons described later in the paper, low expression (score 0–5) com-

prised the negative and weak staining groups, whereas high expression

comprised the moderate and strong staining groups. The Gleason

score was also determined for each core.

Statistical analysis

Statistical analysis was performed with SAS 8.0 and SPSS 18.0 soft-

ware. Biochemical recurrence-free survival was evaluated from the

date of surgery to the date of the last follow-up visit or the point in

time when BCR was observed. Comparisons of the IE score between

the tumour tissue and the paracarcinoma tissue were performed using

the Wilcoxon signed-rank test. The Kruskal–Wallis H test was used to

evaluate the associations between the PSA level, the Gleason score, the

pathological tumour stage and the IE score, and the Wilcoxon rank

sum test was used to evaluate the associations between the IE score and

both the surgical margin and the pathological lymph node category.

The association between the IE score and biochemical recurrence-free

survival was assessed by the log-rank test and Cox proportional hazard

regression analysis. The Gleason score, the pathological category of the

tumour and the PSA level were input into the multivariate analysis.

The Gleason score mentioned above was the one scored by us, not the

one recorded in the medical records. The level of statistical significance

was set at least at P,0.05 (two-sided).

RESULTS

Patient description

A total of 159 patients, aged 49–79 years (mean6s.d.: 66.866.6 years),

were enrolled in the study. The clinical and pathological findings are

reported in Table 1. The most common reason for missing informa-

tion (36, 22.6%) was the inadequate description of the pathological

reports in the medical records.

TGM4 expression pattern

In our study, TGM4 was commonly expressed in the prostate epithe-

lial cells, and the lack of expression was observed only in the paracar-

cinoma tissue in nine patients. In addition, TGM4 staining was

observed in the basal cells and a few stromal cells. Representative
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TGM4 staining patterns are shown in Figure 1. The staining for TGM4

was significantly stronger in the tumour tissues than in the paracarci-

noma tissues (P,0.001) (Table 2).

TGM4 expression was not associated with the pathological tumour

stage, the pathological lymph node category or the surgical margin

(P.0.05), but was positively associated with higher Gleason score

(P,0.001) and higher PSA level (P50.005) (Table 2).

Association between TGM4 expression and BCR

Adequate follow-up data were available for 117 of the 159 patients

(73.6%), and 52 of these 117 patients (44.4%) experienced BCR after a

median postoperative follow-up duration of 55.9631.1 months. Log-

rank test indicated that patients with high TGM4 expression levels

experienced shorter BCR-free survival than those patients with low

TGM4 expression levels (P50.042). (Figure 2) In the univariate Cox

proportional hazards regression analyses, TGM4 expression was sig-

nificantly associated with BCR after radical prostatectomy (P50.048).

In the multivariate Cox proportional hazards regression analyses that

was adjusted for the effects of standard clinicopathological features,

TGM4 expression was not correlated with BCR (P50.139) (Table 3).

DISCUSSION

Using TMA and IHC technologies, our study revealed that the ex-

pression level of TGM4 differentiates prostate cancer tissue from

paracarcinoma tissue and is correlated with the Gleason score and

the PSA level. Moreover, TGM4 overexpression was found to be asso-

ciated with shorter BCR-free survival after radical prostatectomy in

the univariate analysis. Unfortunately, this association did not remain

statistically significant after controlling for the preoperative PSA level,

the Gleason score and the pathological tumour category.

The availability of PSA testing has revolutionized the management

of prostate cancer, which has greatly increased the likelihood of receiv-

ing appropriate treatment. However, up to a quarter of patients

Figure 1 Examples of TGM4 immunostaining in prostate cancer and normal

tissues. (a) Lack of staining, paracarcinoma tissue; (b) weak staining, T2aN0

M0, Gleason score: 313; (c) moderate staining, T3aN0 M0, Gleason score:

314; (d) strong staining, T3bN0 M0, Gleason score: 515. TGM4, transglutami-

nase 4.

Table 1 Pathological and clinical data for the arrayed prostate can-

cers

Variable n Percentage (%)

Age (year)

,50 1 0.63

50–60 30 18.87

60–70 73 45.91

.70 55 34.60

Preoperative PSA level (ng ml21)

,4 33 20.75

4–10 38 23.90

10–20 35 22.01

.20 32 20.13

N/A 21 13.21

pT category (AJCC 2002)

PIN 1 0.63

pT2a–2b 9 5.67

pT2c 33 20.75

pT3a 42 26.42

pT3b 39 24.53

N/A 35 21.01

Gleason score

f313 38 23.90

314 44 27.67

413 30 18.87

f414 20 12.58

N/A 27 16.98

pN category

pN0 127 79.87

pN1 10 6.29

NA 23 14.47

Surgical margin

Negative 60 37.74

Positive 64 40.25

N/A 36 22.64

Abbreviations: AJCC, American Joint Committee on Cancer; N/A, not available; PIN,

prostatic intraepithelial neoplasia; pN category, pathological lymph node category;

PSA, prostate-specific antigen; pT category, pathological tumour category.

Figure 2 Influence of TGM4 expression on biochemical recurrence. Low score:

IE scores 0–5, High score: IE scores 6–12. Adequate follow-up data were avai-

lable for 117 patients; 52 patients experienced BCR, and BCR was not observed

in 65 patients. BCR, biochemical recurrence; IE score, intensity score (I)3extent

(E) score under 3200 visual field magnification; IHC, immunohistochemistry;

RP, radical prostatectomy; PSA, prostate-specific antigen; TGM4, transglutami-

nase 4; TMA, tissue microarray.

TGM4 overexpression in prostate cancer

Z Cao et al

744

Asian Journal of Andrology



experience tumour recurrence after radical prostatectomy and

received salvage therapy instead, such as endocrine therapy.17 When

the tumour recurs, disease-free survival decreases, and morbidity

increases.

If patients with a high risk of recurrence are detected and receive

appropriate adjuvant therapy before BCR, the success rate of radical

prostatectomy can be improved. Molecules that are differentially

expressed between tumour tissues and normal tissues and those that

reflect crucial biological functions involved in oncogenesis, such as

adhesion, motility and cell cycle progression, can be regarded as can-

didates for prognostic biomarkers.

Even though TGM4 was discovered by Grant et al.18 using a human

prostate cDNA library in the early 1990s, the interest in this protein

experienced a relatively quiescent period. Currently, the interest in the

role of TGM4 in prostate cancer is much higher, and several studies

have focused on the expression pattern of TGM4, but no consensus

has been reached. Although TGM4 is a protein, most studies using

tissue samples were performed primarily at the RNA level. An et al.8

observed that the positivity for TGM4 expression was reduced in

prostate tumour tissues, particularly in prostate tumour tissues with

higher Gleason scores, and they further reported that the expression of

TGM4 was very significantly inhibited in metastatic prostate cancer.

Using a quantitative analysis of gene transcripts, Jiang et al.15 demon-

strated that the expression level of TGM4 in human prostate cancer

appeared to be higher than that in normal tissue and that it was also

higher in high-Gleason-score tumours. Data from quantitative RT-

PCR assays using RNA isolated from laser microdissected prostate

tissue revealed that TGM4 was downregulated in moderately or poorly

differentiated carcinoma glands compared with normal peripheral

zone glands.14

The expression pattern of TGM4 in prostatic secretions is also

under debate. It has been reported that selected reaction monitoring

mass spectrometry indicated that TGM4 was downregulated in the

organ-confined tumour group, whereas Western blot analysis demon-

strated that the expression of TGM4 was reduced in the extracapsular

tumour group.19 In another study, Western blot analysis indicated

that TGM4 was downregulated in prostate cancer compared with

normal tissue, a result that was confirmed by IHC.20 It is worth noting

that the primary antibody for TGM4 used in the above two studies was

a goat polyclonal IgG; thus, cross-reactivity may exist. Moreover, the

sample sizes of these studies were relatively small.

Our study indicates that TGM4 is overexpressed in tumour tissue

compared with paracarcinoma tissue and that the TGM4 expression

Table 2 TGM4 expression and tumour phenotype

Variable No. of successfully analysed samples TGM4 immunohistochemistry result P

Negative Weak Moderate Strong

Tissue type 125 ,0.001

Prostate cancer 125 0 35 81 9

Paracancerous tissue 125 9 58 55 3

pT stage 115 0.299

PIN 1 0 0 1 0

pT2a–2b 7 0 2 3 2

pT2c 30 0 10 20 0

pT3a 39 0 11 26 2

pT3b 38 0 7 26 5

Gleason score 143 ,0.001

f313 57 0 24 31 2

314 27 0 2 23 2

413 34 0 9 23 2

o414 25 0 2 16 7

Pre-operative PSA level (ng ml21) 127 0.005

,4 30 0 8 19 3

4–10 33 0 14 18 1

10–20 35 0 8 24 3

.20 29 0 1 24 4

pN category 125 0.297

pN0 116 0 30 76 10

pN1 9 0 0 9 0

Surgical margin 114 0.760

Negative 53 0 15 33 5

Positive 61 0 14 43 4

Abbreviations: N/A, not available; pN category, pathological lymph node category; PSA, prostate-specific antigen; pT category, pathological tumour category; TGM4,

transglutaminase 4.

Table 3 Cox’s univariate and multivariate analyses of biochemical

recurrence-free survival according to the IE score

BCR-free time

HR (95% CI) P

Univariate

Low IE score (score 0–5) 1

High IE score (score 6–12) 0.048 (1.006–3.816) 0.048

Multivariate

IE score (high/low) 2.096 (0.787–5.581) 0.139

Gleason score (o413/f314) 2.726(1.329–5.590) 0.006

PSA level (.10/f10) 1.391(0.712–2.716) 0.334

pT stage (T3/T21PIN) 1.558(0.644–3.772) 0.325

Abbreviations: IE score5intensity score (I)3extent (E) score; PIN, prostatic

intraepithelial neoplasia; PSA, prostate-specific antigen; pT category, pathological

tumour category.
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level is positively associated with the Gleason score and the PSA level.

These data indicate that TGM4 may prompt the development and

progression of prostate cancer, which is consistent with the results

from functional studies of TGM4. In the TGM4-positive prostate

cancer cell line CA-HPV-10, the knockdown of TGM4 resulted in a

marked reduction of in vitro invasiveness.12 By contrast, Jiang

reported that TGM4 is colocalized with RON, the receptor for HGF-

L/MSP, in prostate cancer cells. PC-3 cells overexpressing TGM4

exhibited increased cell motility, which is directly affected by the

enhanced response of RON to HGF-L/MSP.13 In PC-3 cells, MDA-7

can inhibit cell adhesion, growth and migration. However, this phe-

nomenon disappeared after a TGM4 expression vector was transfected

into these cells.21 In another study, the ability of PC-3 cells to adhere to

endothelial cells increased when TGM4 was overexpressed, and this

ability was reduced after TGM4 expression was knocked down in CA-

HPV-10 cells.22 Moreover, a recent study demonstrated that TGM4 is

involved in the epithelial–mesenchymal transition, which has a critical

role in cancer development and progression.23,24

Following these encouraging studies, we further explored the asso-

ciation between TGM4 expression and BCR. TGM4 overexpression was

associated with shorter BCR-free survival after radical prostatectomy in

the univariate analysis, but this association was not statistically signifi-

cant after controlling for the preoperative PSA level, the Gleason score

and the pathological category. Although the result is not striking, it

indicates that TGM4 may be a potential predictor of BCR. Confir-

ming the predictive power of TGM4 expression requires further invest-

igation by studies with larger sample sizes and long-term follow-up. If

this result is confirmed, TGM4 can be applied in clinical practice to

improve the prognostic evaluation of patients with prostate cancer and

can help identify patients with a higher likelihood of BCR, who thus

require adjuvant therapies. At the same time, the use of TGM4 express-

ion to predict BCR may help patients with a lower chance of BCR to

avoid unnecessary adjuvant therapies and the associated complications.

Several limitations of this study should be considered. The results of

the study may have been more persuasive if the sample size or follow-

up time had been increased. Due to the good prognosis of prostate

cancer and the short follow-up time, the numbers of patients with

metastases and deaths were relatively small; therefore, it was difficult

to evaluate the associations between TGM4 and both the development

of metastases and the disease-specific survival of patients treated with

radical prostatectomy.

CONCLUSION

The expression of TGM4 was upregulated in tumour tissue and was found

to be associated with higher Gleason score and higher PSA level. In addition,

the overexpression of TGM4 may serve as a potential predictor of BCR.
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