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ABSTRACT

Esophageal cancer is considered among the ten most prevalent malignancies and the sixth leading cause of cancer
deaths. Histamine has role in numerous physiological/ pathological responses, including gastric acid secretion,
immune response and neurctransmission as well as angiogenesis or cancer. Histidine decarboxylase (HDC)
catalyzes the formation of histamine from higtidine. HDC has been proposed as a novel biomarker for
neuroendocrine differentiation, inflammatory pathologies and various leukemia and highly malignant types of
tumors, such as small cell lung carcinoma and melanoma. HDC over-expression was reported in a number of
malignancies including melanoma, small cell lung carcinoma, breast cancer and colorectal carcinoma. In the
present study, we examined the mRNA expression of HDC in patients with ESCC (squamous cell carcinoma).
Conducting quantitative Real-time PCR, the expression level of HDC in normal and tumor tissues of 50 consented
subjects with ESCC was studied. The results of molecular analysis were correlated to the clinical parameters such
as age, stage, grade of differentiation, lymph node and tumor size. Compared with normal tissues, 6 out of 50 (12%)
of specimen were found to represent a HDC over expression. Satistical analysis revealed that there are no
correlations between HDC expression and clinicopathological features. Considering the lack of significant
statistical correlation between the level of mRNA expression and clinicopathological features, it seems that the HDC
has minimal rolein ESCC progression and tumorigenesis.

Keywords. Histidine decarboxylase, squamous cell carcinoguantitative Real-time PCR, clinicopathological
features

INTRODUCTION

The biogenic amine histamine plays a crucial roleséveral physiological and pathological processash as
neurotransmission, gastric acid secretion, allerggction and inflammation, as either angiogenasisancer which
are mediated by the activation of specific histamnieceptors, namely H1, H2, H3 and H [1-3]. Histaarnis widely
distributed in different types of cells and tissudsch are involved in histamine production andregon, as well as
mast cells, enterochromaffin-like cells, monocytesérophagesbasophils and histaminergic neuronsleMat of
histamine production is regulated by the activityhistidine decarboxylase, which is known the orde limiting
enzyme responsible for the formation of histamireaf L-histidine[4]. Histamine can be synthesizadboth
tumor cells and stromal cells and overexpressimn HDC is thus recognized as a specific nrafke
biosynthesis of histamine. HDC has been previopetyposed as a novel marker for neuroendocrinerdiftétion,
inflammatory pathologies and a number of leukemia laighly malignant types of cancer, including dnoall lung
carcinoma and melanoma [3]. Accounting for 90-95Palb esophageal cancer worldwide, ESCC is the majo
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histological type of cancer derived from the es@e&ah mucosa representing great prevalence in sosi@nA
countries such as Iran. [5] Different laboratorytinoels have been introduced for determination of H3@ression.
Among them, quantitative Real-time PCR is the meible and automatizable technique for quantgyiiDC
expression at the mRNA level. Several studies haglizated an increase in HDC expression in humarcers
including melanoma, leukemia, small cell lung, m&mdocrine and gastrointestinal cancers. As a coesee, it
might introduce as a novel molecular targeted fhefar ESCC [3].

Suggested to be involved in progression, tumorigisnend various cancers, the aim of this work waswestigate
the expression of HDC in ESCC patients and its@asons with clinicopathological characteristiog the use of
Syber Green-based quantitative real-time RT-PCIReatmRNA level. The objective of this study wagddaiermine
whether we could introduce HDC as a specific bidmafor diagnosis of ESCC.

MATERIALSAND METHODS

Tissue Samples

In the present study, a total of 50 cases withamgmbsis of esophageal squamous cell carcinoma (ES€@
collected from Omid Oncology Hospital of Mashhadivénsity of Medical Sciences (MUMS), Iran. Tumogaid
distant tumor-free tissues were freshly obtainednfpatients who have never received any treatnmadiotherapy
and/or chemotherapy) preoperatively. Tissue sanvghésh were obtained during esophagectomy (surgearabval
of the esophagus) were immediately stored in RNeklablution at -70 °C until RNA extraction was merfied. In
this study, histopathological parameters includimgor size and location, number of lymph nodes gratle of
differentiation were determined. Real-time RT-PCBtmod was exploited to determine the expressidinE gene
at the mRNA level.

RNA preparation and cDNA Synthesis

Total RNA was extracted from tumor and normal tesswf 50 patients with ESCC using the RNeasy Mihi k
(Qiagen, Hilden, Germany), based on the manufacsurénstructions. RNA sample was re-suspendeddpl2
diethylpyrocarbonate-treated water (RNase-free nyvated stored at -8C. Subsequently, RNA integrity and quality
were confirmed using 1 % agarose gel electrophorébis quantity and purity of the extracted RNA stapvere
evaluated by measuring the absorbance at 260 afdng8 and the A260/A280 ratio using a nanodrop
spectrophotometer. Subsequently, RNA samples wi#ized for determination of gene expression levels

Total RNA was reverse transcribed in a final voluofe20 pl reaction mixture using random hexamers. To
synthesize cDNA, 2ig of total RNA was mixed with 1l of oligo (dT),.1g primer (0.5 mg/ml) (Fermentas,
Lithuania) and was diluted with DEPC-treated watern volume of 11ul. The reaction mixture was incubated at
65C for 10 min and then rapidly chilled on ice. Afterd, 4ul of 5X buffer, 2d of 210mM dNTP mix (GeNet Bio
CO.), 1l of RiboLock™ RNase Inhibitor (20WL) and the mixture was incubated for 5 min at °@7 Finally, 1

ul M-MuLV reverse transcriptase (Fermentase) werdeddo each reaction and the mixture was then ateabfor
60 min at 42°C. The reaction was stopped by inéofahe mixture at 70 °C for 10 min. A negative trohlacking
template was included in each reverse transcriptind subsequent amplification experiment. Additilgnah
duplicate sample containing template but lackingrse transcriptase was included. Thermocycling eeaslucted
on a (Mx-3000P) thermocycler (Stratagene, La Jdlla). Complementary DNA was kept at -20°C for the
subsequent uses.

Semi-Quantitative RT-PCR

Complementary DNA was utilized as template for RIRP amplification in a total volume of 2(. Primer
sequences for the in vitro amplification of HDC geme presented in Table 1. The reaction mixturtuded 2 pl
10X Buffer, 0.4 pl dNTP (10mM, Cinnagen, Iran), 1 @f both sense and antisense primers, 0.2 pl af Ta
polymerase (Parstoos, 5U/ul), 0.6 pl MgCI2 (50mhki)} 2 pl of cDNA (50- 200 ng). The amounts of PCBdurcts
were determined during the exponential phase of REdR but before the plateau phase. Amplification was
conducted according to the following PCR prografteraan initial incubation for 5 min at 95,°Gamples were
amplified for 43 cycles of 30s at 95 °C, 20s at@24nd 30s at 72 °C with a final period of 5 mirvat°C. PCR
products were visualized by 1.5 % agarose gel rlplsbresis stained with ethidium bromide. A contR€R
reaction was carried out without reverse transasigtto investigate possible traces of contaminaf@mpmic DNA.

As an internal control, the housekeeping gene giydehyde 3-phosphate dehydrogenase (GAPDH) was als
amplified.
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Table 1. Primer sequences used in this study

Gene Forward primer (553°) Reverse primer
GAPDH GGAAGGTGAAGGTCGGAGTCA GTCATTGATGGCAACAATATCCET
HDC ATGATGGAGCCTGAGGAGTACAG CCTGAGTTGGCATGCCTGAGGTA

Quantitative Real-Time PCR Analysis

Quantitative real-time PCR was performed usingep sine plus apparatus in a Stratagene Mx-3000Rtinsal
thermocycler (Stratagene, La Jolla, CA). Unlike mpoidt RT-PCR, real-time quantification is daefil by CT
(threshold cycle number) at a fixed thresheldere PCR amplification is still in the exporieahphase and the
reaction components are not limiting gene amplifica Real-time PCR was carried out using SYBR grE€R
Master Mix containing ROX as a reference dye. TditoWing thermal cycling program was applied: 10nnait
95°C, 43 cycles of 30 s at 95°C, 20 s at 62°C, 230d at 72°C. The specificity of the amplificatioaatton was
assessed based on a melting curve analysis acduraedeasuring fluorescence of SYBR Green duringheali
temperature transition from 65 °C to 95 °C at3 8C/s. Data were normalized for GAPDH expressienaa
reference gene by means of comparative threshal@ cyethod. The PCR efficiency for GAPDH and HDQeg
were measured using standard curves depicted Iyl siution of cDNA. All experiments were perforimhén
triplicates. PCR reactions were accomplished iflidage in a 20 pl volume, including 400 ng cDNA, 1DSYBR
Green PCR master mix (Fermentas, Lithuania), nseléi@e water, and 2 pmol forward and reverse pame

More than 2-fold fluorescence intensity of mRNA egsion in tumor tissue compared with the corresipgnd
normal tissue was interpreted an overexpressi@acih gene, while Less than 2-fold indicated ungeession and
the range in between was considered as no chengepression (at the mRNA level).

Statistical Analysis

The associations between HDC expression leveldifatent clinicopathological factors were testesing they? -
squared test. The statistical analysis was perfdromng SPSS 16.0 statistical package (SPSS, Ghiday
Differences in the various groups of patientsh vdifferent levels of HDC expression were testedmbgns
of they’squared test. All P values were two-sided andlfesaof <0.05 was considered statistically significa

RESULTSAND DISCUSSION
A total of 50 patients who were newly diagnosechviBSCC were enrolled in the present study. Theispets
were collected before beginning any treatment efioee the histopathological characteristics wereafiected by

therapeutic  interventions. Clinicopathologipatameters of patients are summarized in Table 2.

TABLE 2. Clinicopathological features of 50 patients

Factor Number (%)
Grade

WD 9(18.4)
MD 31 (63.2)
PD 9(18.4)
gender

Male 27 (54)
Female 23 (46)
Tumor location

Upper 25 (51)
Middle 23 (46.9)
Lower 1(2.1)
Stage

| 2(4.2)

Il 23 (47.9)
1l 5(10.4)
Lymph node metastasis

NO 26 (56.5)
N1 20 (43.5)

WD well differentiated, MD moderately differentiated, PD poorly differentiated

Of the tumors, 9/50 (18.4%), 31/50 (63.2 %) and)9(58.4%) were considered as well, moderately avatlp
grades of differentiation, respectively. Male-tonfgle ratio was 1.17 (27:23). The size of tumor dampvere as
follows: < 2 cm (8/50, 16.3), between 2 to 4.5 @8/50, 57.2) and >5 cm (13/50, 26.5). Age distitdrutof 50
patients with esophageal cancer revealed thatrthalence of ESCC is more frequent in people 00g(85.7% vs.
14.3%).The expression level of HDC gene in 50 tusmecimens was compared to their paired non-ndaplas
esophageal epithelium by quantitative real-time ROR. lllustrated in Fig. 1, reduction in expressaHDC
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MmRNA was detected in 1 of 50 of tumor specimens)(2@f 50 patients with ESCC, 6 cases (12%) had
overexpression of HDC gene, while in 86% of pagAB of 50), no alteration was in HDC expressibsenved.
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Fig. 1 The expression level of histidine decar boxylase (HDC) genein esophageal squamous cell carcinoma (ESCC) A; Overexpression of
HDC gene, B; No significant change in expression level, D; Decrease in expression of HDC gene.

To evaluate the clinicopathological consequencesHDIC expression in ESCC, the correlation of differe
clinicopathological variables (age, grade of défaration, stage, lymph node and size of tumorhwixpression
levels of the HDC gene was analyzed. To investigfatecorrelation between the level of HDC expreassiad the
age of patients with ESCC, the specimens were @ividh 2 groups (85.7% over 50 years and 14.3% ub@er
years). Only 6 cases (11.9% of >50 vs. 14.3% <®&piesented HDC overexpression, while there washaage in
expression of HDC in 85.7% of patients over or unsi@ years. Consequently, the expression of HDESCC
cancerous tissues was not significantly associaitit the age of patients. No change in expressioHRC was
observed in 81.5% of male and 91.3% of female spewes with ESCC. Therefore, it was suggested tleaktivas
no correlation between gender and the expressigai f HDC. HDC expression did not differ in patigrwith
regard to tumor location (middle vs. lower: 87% 88%, p = 0.141). 87.5%, 82.1% and 92.3% of patiavith
tumor sizes of <2 cm, 2 < < 4.5 cm and >5 cm ditlsihow any change in HDC expression. Thus, theesspon of
HDC was not meaningfully related to the size of tunTumor stage was not correlated with expressioHDC.
Overexpression of HDC was observed in 5 of 28 spens with lower stages of tumor (II), while 88.9%da880%
of tumors in advanced (lll) and lower stages dertratesd no change in HDC expression. HDC expressias not
correlated with other clinicopathological featursach as the number of involved lymph nodes, grafle o
differentiation and node metastasis.

HDC has formerly been shown to be overexpresséuimamelanoma [6], small cell lung carcinoma [7ifedent

types oneuroendocrine cancers [8,9] and chondreftarthriticartilage[10]. Therefore, HDC has besmggested
as a significant diagnostic biomarker for neuroemihodifferentiation [8], inflammatory pathologiemd highly

malignant tumors. The present study describedriliestigation of HDC expression in a total of 50iguats with

ESCC tumor and its probable correlation with clogathological parameters. Using quantitative remétPCR,

Expression analysis of HDC in normal and tumor bsgeal tissues revealed no significant changepnession of
HDC gene indicated that HDC has minimal role in ES@ogression and tumorigenesis. Thus, HDC coutcbro
considered as tumor prognostic tool in diagnosing®CC cancer.
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