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The first massive outbreak of coronavirus disease 2019 (COVID-19) in Korea was
controlled by fast diagnosis, isolation and triage systems. The development of therapeutic agents and vaccinations are going on, but many studies clarified the nature of
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). In this review, we
will discuss the characteristics and spreading of SARS-CoV-2, and prognostic factors and diagnosis of COVID-19.
Keywords: COVID-19, Diagnosis, Prognosis, SARS-CoV-2

Introduction
코로나바이러스감염증-19 (Coronavirus Disease 2019, COVID-19)는 2019년 12
월 중국 후베이성 우한에서 시작되어, 2020년 3월 11일에 세계적 대유행(Pandemic)
이 선포되었다. 2020년 6월 1일 현재 세계적으로 약 620만 명의 감염자와 37만 명의
사망자가 보고되고 있다. 국내에서는 2-3월에 대구경북지역을 중심으로 유행이 발생
하였으나 민관의 협력, 시민들의 협조, 적극적인 검사와 추적, 적절한 환자 분류와 격
리를 통해 1차 유행을 통제하였다[1]. 현재까지 COVID-19에 대해서 정립된 치료제
와 백신은 없으며 추가적인 연구와 임상실험 등을 통하여 검증이 필요한 단계로 이를
정리하여 고찰하기에는 어려움이 있다. 하지만, 현재 COVID-19을 유발하는 바이러
스의 특징과 임상증상, 중증도 악화 요인, 진단법 등에 대한 연구결과들은 많이 발표
되었으며, 어느 정도 일관성 있는 결과들이 도출되고 있기에 이를 고찰하여

COVID-19 환자 진단과 치료에 참고자료로 삼고자 한다[2,3].

SARS-CoV-2 (Severe acute respiratory syndrome coronavirus 2)
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COVID-19 감염을 일으키는 원인 바이러스는 국제바이러스분류위원회(International Committee on Taxonomy of Viruses, ICTV)의 코로나바이러스 연구 그룹에서
사스바이러스(SARS-CoV)와 관련되었다는 의미에서 SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2)로 명명되었다[4]. 사람에서 감염이 발견된 7종류의
코로나바이러스(229E, NL63, OC43, HKU1, MERS-CoV, SARS-CoV, SARSCoV-2) 중에서 병독성이 강한 것으로 알려진 베타군에 속한 사스바이러스(SARSCoV)와 메르스바이러스(MERS-CoV)의 사망률은 각각 10%와 35%였다. 아직, 질환
1

Diagnosis of COVID-19

의 유행이 종료되지 않았으므로 사망률을 단정할 수는 없으나, 치
명률 관점에서 본다면 COVID-19을 유발하는 SARS-CoV2의 치
명률은 각 나라마다 2.5-20%로 다양하게 보고하고 있는데, 이것은
이환 된 환자 중 고령자와 기저질환자의 비율, 의료체계의 치료 역
량, 바이러스 변이형에 따른 차이에 따른 것으로 생각된다. 코로나

19 바이러스의 균주(strain)는 박쥐에서 발견된 것과 유전자 염기서
열이 유사하며 초기 중국 우한에서 발병한 환자에게서 나타난 A형
과 중국 우한을 벗어나 변형된 뒤 중국 전역과 한국 등 동아시아에
서 크게 확산된 B형, 유럽과 미국을 중심으로 유행한 C형으로 3가
지로 나눌 수 있다[5].

COVID-19 바이러스의 S 단백질은 사스바이러스의 S 단백질보
다 인간 세포의 ACE (angiotensin converting enzyme)-2 수용체에

10-20배 더 잘 결합하여 더 빠르게 전염될 수 있으며, 사스바이러스
의 S 단백질 서열과 구조가 유사하지만 교차면역반응을 보이지는
않는다[6]. COVID-19의 감염은 증상이 나타나기 전 무증상에도 가
능하며, 다른 호흡기 바이러스와 동일하게 다른 사람과 1-2미터 이
내의 가까운 거리에서 감염된 사람의 기침이나 콧물로 인한 비말 감
염을 통해 이루어진다. 초기 데이터에 따르면, 감염에서 증상이 발
현되기 까지의 잠복기는 3-7일이다. 감염의 전파는 7일 간격으로
두 배씩 증가하며, 환자 1명이 감염시키는 재생산지수(reproductive

number, R0)는 2.2이며, 우리나라에서는 사회적 거리두기로 0.58로
조절되고 있다[7]. 100명의 COVID-19 환자를 대상으로한 대만 연
구에서는, 증상 발생 5일 이내 2차 감염률이 1.0% (95% CI, 0.6%1.6%)로 5일 이후에는 2차로 감염된 사람이 없었다. 또한 무증상 시
기에 2차 감염률도 0.7% (95% CI, 0.2-2.4%)로 나타나 무증상 시기
와 증상 발생 초기가 감염력이 높다고 추정해 볼 수 있다 [8] 사람과
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COVID-19 의 가장 흔한 증상은 발열(88.5%), 기침(68.6%), 근육
통(35.8%) 등이 있었고, 사망율은 5%-15%로 나타났지만 진단되지
않은 불현성 감염을 고려하면 이는 1% 이하로 낮아질 수 있다[11].
무증상이나 경증환자를 대상으로 한 전화 응답조사에서는 15.3%
의 후각마비와 15.7%의 미각마비가 관찰되었다[12]. 우한시에서
돌아온 소규모 표본집단(n=565)을 대상으로 확인한 무증상 감염자
의 비율은 30.8% (95% CI 7.7-53.8) 였다[13].
2020년 1월20일 국내 첫 환자 발생 이후, 5월 24일 기준 799,956
건 검사중 확진자 수가 11,190명으로 누적 확진율은 1.40%다. 내
국인 비율은 88.2%로 해외 유입 사례는 1,212명(미주 515명, 유럽
469명, 중국 외 아시아 200명, 중국 19명, 아프리카 8명, 호주 1명)
이다. 연령별로 20대가 3,117명(27.86%), 50대 1,987명(17.76%),
40대 1,481명(13.24%), 60대 1,375명(12.29%), 30대 1,235명
(10.99%), 70대 719명(6.43%), 10~19세 636명(5.68%), 80세 이상
491명(4.39%), 9세 이하 149명(1.33%)으로 20대와 50대가 많은 것
은 초기 대량 환자발생시 종교단체 의 인구구성 때문이다. 인구 10
만명당 발생률(확진자 수)은 20대가 45.80명으로 가장 높았고 80
세 이상 25.85명, 50대 22.93명, 60대 21.67명, 70대 19.93명, 40
대 17.65명, 30대 17.53명, 10~19세 12.87명, 9세 이하 3.59명 순
이다. 기존 확진자 가운데 10,230명이 격리 해제 돼 완치율은
91.3%이다. 치명률은 2.38%로 고령일수록 높아 80세 이상이
26.27%였으며 70대 10.85%, 60대 2.84%, 50대 0.75%, 40대
0.20%, 30대 0.16%이었다[14].
고혈압, 당뇨병 환자에서 높은 이환율을 보이고 있는데, 흔히 처
방되고 있는 약제인 ACE 억제제(angiotensin converting enzyme

한 후 3시간까지 활성을 띠는 바이러스가 검출되며, 바이러스 활성

inhibitor, ACEi)와 angiotensin receptor blocker (ARB)가 SARSCoV-2의 감염 빈도를 높이는 것에 대한 논쟁이 진행되고 있다
[15]. SARS-CoV처럼 SARS-CoV-2는 세포 침투 과정에서 호흡기
도 내의 상피세포 표면의 표현된 ACE2와 결합함으로써 침투하여
ACEi와 ARB 제제를 복용 하는 환자가 COVID-19 감염위험을 증
가시킨다는 우려가 있었으나 ACEi와 ARB 약제 사용자에서 중증

은 구리에서는 4시간, 카드보드에서는 24시간, 플라스틱과 스테인

도가 감소하는 것으로 나타나 특별한 사유가 있지 않는 한 중지하

레스 표면에서는 2-3일까지 검출되었다[9].

지 말고 지속적으로 복용할 것을 권고하고 있다[16].

사람 사이의 전파는 비말이 입, 코로 들어가거나 호흡을 통해 폐로
들어가면 감염이 되며, 감염 환자로 인해 오염이 된 물체나 표면을
손으로 접촉하고 그 손으로 입, 코 혹은 눈 등을 접촉했을 때 바이러
스에 감염될 수 있다. 공기 중에 에어로졸 형태로 바이러스를 분사

싱가포르에서의 연구는 증상 발현 2일 전부터 시작돼 증상 발현

혈액검사에서 백혈구 수치는 정상이거나 감소한 경우가 많았으

후 7~10일 동안 지속되며 7일이 지나면 바이러스의 증식 속도가

며, 림프구 분율 감소가 흔하고, 급성반응기 염증 물질인 erythro-

급격히 떨어지고, 11일 후에는 바이러스가 검출되어도 감염력은
없다고 한다.

cyte sedimentation rate (ESR), C-reactive protein (CRP)는 증가된
소견을 보였다[13]. 중환자실 입원한 환자의 경우 procalcitonin와
lactate dehydrogenase (LDH)의 수치가 현저히 높았다[17].
COVID-19 환자의 임상증상이 경미하더라도 영상의학적 검사

Symptoms, laboratory and radiologic finding
COVID-19에 이환된 환자들은 고열, 근육통과 함께 폐렴으로

에서 폐침윤이 생각보다 급격히 진행된 경우가 많았으며, 주된 소

인한 마른기침, 호흡곤란 등의 호흡기증상이 주를 이루었으며, 그

견은 양측 폐침윤과 젖빛유리음영(ground-glass opacity) 양상이었

외 복통, 설사, 오심, 구토 등 소화기증상 등이 동반되는 경우가 있

다[17]. 여기서 임상적으로 중요한 점은 COVID-19 환자의 경우

었다. 중국에서 72,314 명의 확진자를 분석한 대규모 연구에서 약

초기 흉부 X-선 촬영에서는 정상이지만 흉부 CT (computed to-

14%는 호흡곤란(산소포화도 93% 이하, 폐침윤 24%)을 동반한 중
증도 이상의 증상을 보였으며, 5%는 호흡부전, 장기부전 및 기능장애
및 패혈성 쇼크를 보이는 치명적인 증상을 보였다[10]. COVID-19의

mography) 촬영에서 이상 소견이 확인되는 경우가 많았는데[18],
임상의들은 이점 을 염두에 두어 COVID-19이 의심되거나 확진된
경우에는 처음부터 조기 흉부 CT 검사를 시행하는 것이 환자의 폐

임상양상, 퇴원율 및 사망율에 대한 메타분석 결과에 따르면

침윤 정도와 중증도 파악, 치료방향의 결정에 도움이 된다.
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반된 기저질환 중에는 당뇨, 고혈압, 심혈관계질환, 악성 종양이 치

COIVD-19 환자의 임상상태는 무증상(asymptomatic), 경증

명률을 높이는 것으로 보고되고 있다[20].

(mild), 중증(severe), 위중(critical)의 4단계로 분류한다. 경증은 폐렴

면역 반응이 약한 사람은 열이 안나는 경향이 있어서 발열이

이 없이 경증 호흡기 증상을 가진 경우이며, 중증은 호흡곤란과 분
당 30회 이상의 빈호흡, 동맥혈 산소포화도 93% 이하, PaO2/FiO2

37.3 ℃ 이상이면 오히려 COVID-19에 의한 위험도가 감소(OR =
0.56)하였다. 그 외 호흡곤란이 있으면 위험도가 높았으며, 두통,

ratio < 300, 그 리고/혹은 24-48시간 안에 폐렴이 50% 이상 악화된

근육통, 관절통, 기침, 객담 배출, 피로, 설사, 오심/구토는 통계학

경우, 위중은 호흡부전, 패혈증성 쇼크, 다발성 장기부전 등이 나타

적 유의성이 없었다. 혈액검사에서는 백혈구 수치, AST, 크레아티

난 경우로 정의 한다. 이러한 분류에 따르면 중국에서 발생한 환자

닌, hs-cTnI이 높으면 위험도가 증가하였다. PCT (procalcitonin) >

중 80%는 경증이었으며, 13.8%는 중증, 6.1%는 위중한 상태로 볼
수 있다. 대한중환자의학회와 대한결핵학회 및 호흡기학회는 생체

0.5 ng/mL, LDH > 245 U/L, D-dimer > 0.5 mg/L 이면 위험도
가 크게 증가하였다.

징후(맥박, 수축기혈압, 호흡수, 체온)와 의식수준을 이용하여 점수

10대 이하의 감염률이나 치명율은 낮으나 유소아와 청년기에서

에 따라 저위험(4점 이하), 중등도 위험(5-6점), 고위험(7점 이상)으

면역반응으로 인한 다기관염증증후군(multisystem inflamation

로 분류하는 변형된 조기경고지수(modified early warning score,

syndrome)이 보고되고 있다. 사스바이러스는 임산부에서 자연유
산, 조산, 자궁내 성장 제한(intrauterine growth restriction), 기관삽

MEWS)를 활용하여 환자를 분류할 것을 제안하였다(Table 1).
사망위험도에 따라 연령, 기저질환, 현증을 고려하여 분류하여

관, 중 환자실 입원, 신부전 등의 증상이 동반된 경우 높은 비율로

입원 여부를 판단한다. 경증으로 별도 격리시설 입소 후에는 폐렴

산모 및 신생아 합병증과 관련이 있는 것으로 나타났다. 중국 연구

중증 도지표인 PSI (pneumonia severity index) 또는 CURB-65/

는 임산부들의 감염 증상은 비임신 성인들의 임상 증상과 유사했으

CRB-65를 적용하여 입원치료를 결정한다. 위험도 평가에 따른 분
류는 무증상, 경증(mild), 중등(moderate), 중증(severe)으로 분류한
다[19] (Table 2).
국내 치명률(fatality rate, 2.4%)이 전세계 평균 치명률 6.5 7% 보다

며, 임신 3기 중 COVID-19 폐렴은 신생아 및 태아 감염에 부작용

낮은 것은 무증상 경증환자 진단률, 노인환자 비율, 의료자원의 차

다. 산모에서 태아로의 수직 전염에 대한 확실한 증거는 아직까지

이, 의료기술과 의료진의 수준에 따른 것으로 추정되고 있다.

없는 상태이다[21].

COVID-19의 치명률은 연령이 증가함에 따라 증 가하는데, 국내
의 경우 30대 0.09%, 40대 0.21%, 50대 0.72%, 60대 2.47%, 70대
9.29%, 80세 이상의 경우 22.22%이다. 이러한 치명률은 남성, 65

Diagnosis

세 이상, 흡연자에서 증가하는데, 여성보다 남성이 치명률이 더 높
은 이유는 높은 흡연율과 기저질환으로 인한 것으로 사료된다. 동

을 일으키는 증거는 없었다. 임산부는 면역억제 상태로 호흡기 병
원체와 폐렴에 취약할 수 있으며, 생리적 변화(횡격막 상승, 산소소
비량 증가, 호흡기 점막 부종)로 인해 저산소증에 대한 위험이 있

확진 방법은 실시간 역전사 중합효소연쇄반응법(Real time Reverse Transcriptase-Polymerase Chain Reaction, rRT-PCR)이다.
국내에서는 2개의 유전자(E gene, RdRp gene)를 주로 검사하며, E

Table 1. Criteria of severe and critical
Criteria
Dyspnea
Respiratory frequency
Blood oxygen saturation
PaO2/FiO2 ratio
Lung infiltrates
Management

Severe
1
≥ 30/minute
≤ 93%
< 300
> 50% within 24-48hours
Hospital or tertiary hospital

Critical
Ventilator care
Respiratory failure, septic shock, multiple organ dysfunction/failure
Hospital or tertiary hospital (with ECMO)

Table 2. Severity classification
Symptom
Severe
Moderate
Mild
Asymptomatic
http://www.e-kmj.org

Age
> 65
< 50
> 65
< 50
< 50
-

Underlying disease
O
O
X
X
X
X

Severity
Critical
Severe
Mild pneumonia
No pneumonia
-

Treatment
Intensive care Unit
Corona hospital
General hospital
Hospital or therapeutic live-in center
Therapeutic live-in center
Home-care or therapeutic live-in center
3
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Table 3. Safety guideline for sample collection
Recommendation
KMA
K-CDC (1st, Feb 2020)
K-CDC (2nd, Mar 2020)
WHO & CDC

Mask (KF94, N95)
O
O
O
O

Glove
O
O
O
O

gene은 선별검사용으로, RDRP gene은 확진검사용으로 사용한다.
판정은 두 유전자 모두 양성일 경우에 확진 판정을 한다. 한편 앞의
두 유전자 외에도 N gene, ORF1a gene 등 다른 유전자를 포함한 3

Face shield
O
O
O
O

Safety gown
O
O

Safety gown (Level D)
O
O
O

-

ORCID
Dae-Hyun Kim, https://orcid.org/0000-0002-7313-2384

개 이상의 유전자를 검사하는 프로토콜도 이용되고 있는데, 이 때
도 3개 유전자가 모두 양성일 때만 확진으로 해석한다.
진단검사에 필요한 검체는 상기도와 하기도 두 곳에서 각각 채
취한다. 상기도 검체는 면봉채취법(swab method)을 사용하여 검사
자가 환자의 비인두(nasopharynx)와 구인두(oropharynx) 도말물을
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동시에 채취하여 하나의 수송배지에 담는다. 하기도 검체는 환자에
게 구강을 깨끗한 물로 가글하게 한 후 멸균용기에 타액 등이 포함
되지 않도록 깊이 기침하여 객담을 채취한다. 만일 환자가 객담이
없다면 하기도 검체는 채취하지 않아도 된다. 검채 채취는 별도의
공간에서 시행하는 것을 권고하고 있으며, 검체를 채취하는 의료진
은 감염을 예방하기 위하여 level D 이상의 보호구를 착용하여야
한다[19] (Table 3).
검체 채취 부위에 따른 민감도는 기관지폐표세척이 93%로 가장
높았고[22], 비인두 표본/구인두 표본의 민감도와 위음성율은 각각

19%/7.6%로, 9.3%/32.9%로 비인두 검사법을 이용하는 것이
COVID-19를 진단하는데 좀 더 적절하다[23].
바이러스 배양을 통해 항체를 생산하거나, 특정 부위의 단백질
을 발현해 그에 대한 항체를 생산해 혈청학적 진단법을 개발하고
있다. 그러나 바이러스가 체내에서 IgM과 IgG 항체를 생성하기 위
한 시간(5-14일)이 필요하므로 초기 진단의 어려움이 있어 rRT-

PCR 검사와 함께 사용해야 한다[24]. 팬데믹 상황에서 많은 사람
을 선별하기 위해서는 기존의 일대일 선별검사법에 비해 승차
(drive-through) 검사와 보행(walk-through) 검사가 검사 대상자와
의료진의 접촉을 최소화하여 감염 위험을 줄이고 검사 속도를 높일
수 있는 방법으로 이용될 수 있다[25,26].

Conclusion
COVID-19는 중국을 시작으로 2020년 5월 현재 아시아-유럽과
미국-남미와 아프리카 순서로 세계적 1차 대유행이 진행되고 있으
며, 2020년 가을에 2차 유행을 예상하고 있다. 현재까지 밝혀진 바
이러스의 특성과 임상 증상, 중증도 관련 요인, 진단법에 대한 최신
연구 결과를 이해하는 것이 유행의 조절과 치료에 중요할 것이다.
항바이러스제와 혈장치료, 백신에 대한 연구가 진행되고 있으므로
최선의 치료제와 예방법이 결정되어 사망률을 줄일 수 있기를 기대
한다.
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Cucurbitacin E is a pivotal member of the cucurbitacin family and has been shown
to have anti-cancer effects. However, until now, the anti-cancer effect and mode of
action of cucurbitacin E in human colon cancer cells remain unclear. In this study,
we investigated whether cucurbitacin E inhibits the growth of HCT116 human colorectal cancer cells. Treatment of cucurbitacin E at 1 mM markedly reduced the survival of HCT116 cells. Moreover, treatment of cucurbitacin E at 1 mM caused nuclear DNA fragmentation in HCT116 cells, pointing out its apoptosis-inducing effect.
Treatment of cucurbitacin E at 1 mM also led to the activation of caspase-9 and
poly(ADP‑ribose) polymerase (PARP) cleavage without affecting expression of
death receptor (DR)-4/5 in HCT116 cells. Furthermore, while treatment of cucurbitacin E at 1 mM had no effect on expression of Mcl-1, it largely increased expression and phosphorylation of eukaryotic translation initiation factor-2α (eIF-2α) and
activating transcription factor-4 (ATF-4) in HCT116 cells. Treatment of cucurbitacin E at 1 mM further up-regulated phosphorylation of extracellular signal-regulated kinase-1/2 (ERK-1/2), but not c-Jun N-terminal kinase1/2 (JNK-1/2), in HCT116
cells. However, treatment with PD98059, an inhibitor of ERK-1/2, that strongly
blocked activation of ERK-1/2 had no effect on reduction of survival of HCT116
cells treated with cucurbitacin E at 1 mM. Taken together, these findings demonstrate that cucurbitacin E at 1 mM has strong anti-survival and pro-apoptotic effects
on HCT116 cells, which are mediated through control of the expression and phosphorylation levels of caspase-9, PARP, eIF-2α, and ATF-4.
Keywords: Apoptosis, ATF-4, Caspase-9, Cucurbitacin E, eIF-2α, HCT116
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Colon cancer is one of the most common epithelial cancers [1]. Epidemiologically, it is the third distributed cancer worldwide with high mortality rate in
both genders [2]. Due to the high incidence rates of age-dependent colorectal
cancer, several approaches have been determined to achieve positive anti-cancer effects, including surgery, chemotherapy, and radiotherapy. However, these
therapies did not produce the desired treatment effect when applied alone [3].
Therefore, there is an urgent need to identify or develop more effective and
non-toxic therapeutics for colon cancer.
Many therapeutic and chemopreventive drugs eliminate cancerous cells
through induction of apoptosis, also named programmed cell death. It is documented that cancer cells undergoing apoptosis have many characteristics, including plasma membrane bleb, cell shrinkage, depolarization of mitochondria,
http://www.e-kmj.org
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chromatin condensation, and DNA fragmentation [4,5].
There is a wealth of information that induction of cancer cell
death and inhibition of cancer cell growth are largely influenced by activation of the caspase pathway, expression of
death receptor (DR)-4/5, and endoplasmic reticulum (ER)
stress [6-8]. Involvement of the family of mitogen-activated
protein kinase (MAPK) in induction of apoptosis also has
been reported [9-10].
Today, many researchers around the world are conducting
a lot of research to identify natural substances that can inhibit cancer cell growth or induce cancer cell death with little or
no side effects [11,12]. Cucurbitacin E is a member of the
cucurbitacin family that is a group of tetracyclic triterpenoids
extracted from cucurbitaceous plants [13]. Cucurbitacin E is
found to have anti-cancerous, anti-viral, and anti-inflammatory effects [14-15]. Up to date, little is known about the relationship between cucurbitacin E and human colon cancer
cells. In this study, we investigated the effect of cucurbitacin
E on growth of HCT116 human colon cancer cells. Here we
report, for the first time, that cucurbitacin E at 1 µM has
strong anti-survival and pro-apoptotic effects on HCT116
cells and the effects are mediated through regulation of the
expression and phosphorylation levels of caspase-9, PARP,
eIF-2α, and ATF-4.

Materials and Methods
Materials

Cucurbitacin E was obtained from Selleckchem (Houston,
TX). Primary antibody of procaspase-9 was bought from
Enzo (Farmingdale, NY, USA). Anti-ATF-4 and Mcl-1 antibodies were purchased from Santa Cruz Biotechnology (Delaware, CA). Primary antibody for phospho (p)-eIF-2α was
bought from Abcam (Cambridge, MA, USA). Anti-PARP,
Anti-p-ERK-1/2, anti-ERK-1/2, anti-p-JNK-1/2, and anti-JNK-1/2 antibodies were bought from Cell Signaling Technology (Danvers, MA, USA). Primary antibody of β-actin was
purchased from Sigma (St. Louis, MO).

Cell culture

HCT116 human colon cancers (ATCC, Manassas, VA) were
cultured in RPMI-1640 media supplemented with 10%
heat-inactivated fetal bovine serum and 1% penicillin/streptomycin at 37¹C in a humidified atmosphere of 95% air and
5% CO2.
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Cell count assay and cell morphology analysis

HCT116 cells were seeded in a 24-well plate. After overnight incubation, cells were treated with vehicle control
(DMSO; 0.1%) or cucurbitacin E at the indicated concentrations (0.01, 0.1, and 1 ΜM) for 24 h. The number of surviving
cells was counted with the trypan blue exclusion method,
which based on the principle that live cells have intact cell
membranes and cannot be stained. Approximately 100 cells
were counted in each evaluation. For cell morphology analysis, phase contrast images of the conditioned cells treated with
cucurbitacin E were taken with a compound microscope
(Nikon Eclipse TS200, Nikon Corp., Tokyo, Japan).

Measurement of DNA fragmentation

Measurement of DNA fragmentation was conducted, as
mentioned in our previous study [16]. Briefly, HCT116 cells
were seeded the day before treatment. Cells were treated with
vehicle control (DMSO) or cucurbitacin E (0.01, 0.1, and 1
µM) for 24 h. The conditioned cells were harvested, washed
and lysed in a buffer [50 mM Tris (pH 8.0), 0.5% sarkosyl, 0.5
mg/mL proteinase K and 1 mM EDTA] at 55 C for 3 h, followed by the addition of RNase A (0.5 µg/mL) and incubation
at 55ºC for 18 h. The lysate was centrifuged at 10,000 × g for
20 min. Genomic DNA was extracted with an equal volume
of neutral phenol-chloroform-isoamyl alcohol mixture
(25:24:1) and analyzed by electrophoresis on a 1.8% agarose
gel. The DNA was visualized and photographed under UV illumination after staining with ethidium bromide (0.1 µg/mL)
by the Gel documentation system (Gel Doc-XR, Bio-rad,
Hercules, CA, USA).

Preparation of whole cell lysates

HCT116 cells were seeded in 6-well plates the day before
treatment. Cells were treated with cucurbitacin E (1 µM)
and/or other reagent (PD98059) or vehicle control (DMSO)
for the designated times. At the designated time point, cells
were washed twice with PBS and proteins were extracted using a modified RIPA buffer [50 mM Tris-Cl (pH 7.4), 150
mM NaCl, 0.1% sodium dodecyl sulfate, 0.25% sodium deoxycholate, 1% Triton X-100, 1% Nonidet P-40, 1 mM
EDTA, 1 mM EGTA, proteinase inhibitor cocktail (1X)]. The
cell lysates were collected and centrifuged at 12,074 × g for
20 min at 4°C. The supernatant was saved, and its protein
concentration was determined by bicinchoninic acid assay
(BCA) Protein Assay Kit (Thermo Scientific, Rockford, IL,
USA).
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Immunoblot analysis

Equal amounts of protein (50 μg) were separated via 10%
SDS‑PAGE and transferred onto polyvinylidene fluoride
membranes (EMD Millipore) by electroplating. The membranes were washed with Tris‑buffered saline (TBS; 10 mM
Tris, 150 mM NaCl, pH 7.5) supplemented with 0.05% (v/v)
Tween‑20 (TBS‑T), followed by blocking with TBS‑T containing 5% (w/v) non‑fat dried milk. The membranes were
probed overnight using antibodies against procaspase-9
(1:2,000), PARP (1:2,000), Mcl-1 (1:2,000), p‑eIF-2α (1:2,000),
T‑eIF-2α (1:2,000), ATF-4 (1:2,000), p-ERK-1/2 (1:2,000),
T-ERK-1/2 (1:2000), p-JNK-1/2 (1:2,000), T-JNK-1/2
(1:2,000), or β‑actin (1:10,000) at 4ºC, followed by incubation
with secondary antibodies conjugated to at room temperature
for 2 h. The membranes were washed, and immune reactivities were detected by Super Signal™ West Pico PLUS ECL
(Thermo Fisher Scientific, Inc.) according to the manufacturer’s instructions. Equal protein loading was assessed via β‑actin expression levels.

Reverse-transcription polymerase chain reaction (RTPCR) analysis.

Total cellular RNA from conditioned HCT116 cells was
isolated using TRIzol® reagent (Thermo Fisher Scientific,
Inc.) according to the manufacturer’s protocol. RT‑PCR was
performed as previously described (21). Briefly, equal
amounts of total RNA (5 μg) were reverse‑transcribed in a
40‑μl reaction mixture containing 8 μl Molony Murine Leukemia Virus Reverse Transcriptase (M‑MLV RT) 5X buffer, 3
μl 10 mM dNTPs, 0.45 μl 40 U/μl RNase inhibitor, 0.3 μl 200
U/μl M‑MLV RT (Promega Corporation) and 3.75 μl 20 μM
oligo dT (Bioneer Corporation). Single‑stranded cDNA was
amplified by PCR using 4 μl 5X Green Go‑Taq® Flexi reaction buffer, 0.4 μM 10 mM dNTPs, 0.1 μl 5 U/μl Taq polymerase, 1.2 μl 25 mM MgCl2 (Promega Corporation), and
0.4 μl primer (20 pM/μl). The following primer pairs were
used: DR‑4 sense, 5’‑CTGAGCAACGCAGACTCGCTGTCC
AC‑3’ and antisense, 5’‑AAGGACACGGCAGAGCCTGTGCCAT‑3’; DR‑5 sense, 5’‑AGCCGCTCATGAGGAAGTTGG‑3’
and antisense, 5’‑GGCAAGTCTCTCTCCCAGCGTCTC‑3’;
ATF-4 sense, 5’‑TAGGGGCCTCCTACCTTTGT-3’ and anti-sense, 5’-GTGTCAACCGTGGTCAG-3’; Mcl-1 sense,
5’‑ATCTCTCGGTACCTTCGGGAG-3’ and anti-sense,
5’-ACCAGCTCCTACTCCAGCAAC-3’ and actin sense,
5’‑TCAAGATCATTGCTCCTCCTG‑3’ and antisense, 5’‑CTG
CTTGCTGATCCACATCTG‑3’. The PCR conditions were as
follows: For DR‑4 and DR‑5: 35 cycles of denaturation at
8
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95˚C for 30 sec, annealing at 63˚C for 30 sec and extension at
72˚C for 30 sec; for ATF-4: 35 cycles of denaturation at 95˚C
for 45 sec, annealing at 54˚C for 45 sec and extension at 72˚C
for 45 sec; for Mcl-1: 30 cycles of denaturation at 95˚C for 45
sec, annealing at 56˚C for 45 sec and extension at 72˚C for 45
sec and for β‑actin: 25 cycles of denaturation at 95˚C for 30
sec, annealing at 56˚C for 30 sec and extension at 72˚C for 30
sec. β‑actin was used as an internal control to evaluate the
relative expressions of DR‑4 and DR‑5.

Statistical analysis

Cell count analysis was done in triplicates and repeated
three times. Data were expressed as mean ± SE. The significance of difference was determined by One-Way ANOVA. All
significance testing was based upon a p value of < 0.05.

Results
Treatment with cucurbitacin E reduces survival of HCT116
human colon cancer cells in a concentration-dependent
manner

Initially, we investigated the effect of cucurbitacin E (Fig. 1A)
at different concentrations (0.01, 0.1, and 1 µM) for 24 h on
growth (survival) of HCT116 cells by cell count analysis. As
shown in Fig. 1B, treatment with cucurbitacin E reduced survival of HCT116 cells in a concentration-dependent manner.
Apparently, the largest reduction of HCT116 cell survival
was found in the 1 µM treatment of cucurbitacin E. Microscopic observation further revealed that treatment with cucurbitacin E dose-dependently interfered with growth of
HCT-116 cells in which the largest reduction of HCT116 cell
growth was also seen at the 1 µM of cucurbitacin E (Fig. 1C).

Treatment with cucurbitacin E at 1 µM induces nuclear
DNA fragmentation, activation of caspase-9, and PARP
cleavage in HCT116 human colon cancer cells

We next sought to explore the effect of cucurbitacin E at
different concentrations (0.01, 0.1, and 1 µM) for 24 h on
apoptosis in HCT116 cells by measuring nuclear DNA fragmentation, a hallmark of apoptosis. Notably, as shown in Fig.
2A, while treatment with cucurbitacin E at 0.01 or 0.1 µM for
24 h did not induce nuclear DNA fragmentation, that with
cucurbitacin E at 1 µM for 24 h resulted in high accumulation of nuclear DNA fragmentation in HCT116 cells. Next,
to understand molecular mechanisms underlying cucurbitacin E’s apoptosis inducing effects herein, we promptly examined the effect of cucurbitacin E at different concentrations
http://www.e-kmj.org
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A

B

C
Fig. 1. Effects of cucurbitacin E on survival and morphology of HCT116 human colon cancer cells. (A) The chemical structure of
cucurbitacin E. (B) HCT116 cells were treated with cucurbitacin E or vehicle control (DMSO; 0.1%) at the designated concentrations for
24 h. The numbers of surviving HCT116 cells were measured by cell count assay. Cell count assay was performed in triplicate. Data are
means ± SE of three independent experiments. *p < 0.05 compared to the value of cucurbitacin E free control at the designated time.
(C) After the above-mentioned treatment conditions, images of the conditioned cells were obtained by phase contrast microscopy; the
magnification rate, 200 ×. Each image is representative of three independent experiments.

(0.01, 0.1, and 1 µM) for 24 h on expression levels of apoptosis-related factors, such as caspase-9, PARP, and DR-4/5, in
HCT116 cells. As shown in Fig. 2B, data of Western blotting
analysis demonstrated that treatment with cucurbitacin E led
to a concentration-dependent activation of caspase-9, as assessed by its ability to decrease expression levels of procaspase-9, an indicator of caspase-9 activation, in HCT116
cells. Moreover, while treatment with cucurbitacin E at 0.01
or 0.1 µM had no effect on expression levels of PARP, a
downstream effector of caspase-9, that with cucurbitacin E at
1 µM led to generation of partially cleaved PARP in HCT116
cells. By contrast, as shown in Fig. 2C, results of RT-PCR
analysis displayed that treatment with cucurbitacin E at the
doses tested had no effect on expression levels of DR-4/5 in
HCT116 cells. Protein and mRNA expression levels of conhttp://www.e-kmj.org

trol actin remained unchanged under these experimental
conditions. Because of the largest growth inhibitory and
apoptosis inducing effects on HCT116, we chose the 1 µM
concentration of cucurbitacin E for further studies.

Treatment with cucurbitacin E at 1 µM up-regulates
expression and phosphorylation levels of eIF-2α, and ATF4 in HCT116 human colon cancer cells
We next investigated the treatment effect of cucurbitacin E
at 1 µM on expression and phosphorylation levels of other
growth- and/or apoptosis-related proteins, including mitochondrial protein (Mcl-1) and ER stress/translation-related
proteins (eIF-2α, ATF-4), in HCT116 cells over time. Distinctly, as shown in Fig. 3A, treatment with cucurbitacin E at
1 µM induced high phosphorylation levels of eIF-2α, and
9
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A

A

B

B

C
Fig. 2. Effects of cucurbitacin E on nuclear DNA fragmentation,
expression levels of procaspase-9, PARP, and DR-4/5 in HCT116
human colon cancer cells. (A) HCT116 cells were treated with
cucurbitacin E or vehicle control at the designated concentrations
for 24 h. Extra-nuclear fragmented DNA was extracted and
analyzed on a 1.8% agarose gel. (B) After above mentioned
treatment conditions, whole cell lysates were prepared and
analyzed by Western blotting using the respective antibody of
procaspase-9, PARP, and Actin. (C) After the above-mentioned
treatment conditions, total cellular RNA was prepared and
analyzed by RT-PCR analysis using the respective primer of DR-4,
DR-5, and Actin.

ATF-4 were observed in HCT116 cells treated with cucurbitacin E at 1 µM for the times tested. Apparently, a marked
increase in phosphorylation levels of eIF-2α and ATF-4 were
observed in these cells even at 2 h treatment with cucurbitacin E at 1 µM. However, Mcl-1 protein expression levels were
not changed in HCT116 cells treated with cucurbitacin E at 1
µM for the times tested. As shown in Fig. 3B, data of RT-PCR
analysis further revealed that treatment with cucurbitacin E
at 1 µM for 24 h did not change the mRNA expression levels
of ATF-4 and Mcl-1 in HCT116 cells treated with cucurbitacin E at 1 µM for the times applied. Control actin mRNA expression remained constant under these experimental conditions.

10

Keimyung Med J

Fig. 3. Effects of cucurbitacin E on expression and phosphorylation
levels of eIF-2α, ATF-4 and Mcl-1 in HCT116 human colon cancer
cells. (A) HCT116 cells were treated with cucurbitacin E (1 µM) or
vehicle control for the indicated times. At each time point, whole
cell lysates were prepared and analyzed by Western blotting using
the respective antibody of GRP78, eIF-2α, ATF-4, and Mcl-1. (B)
After the above-mentioned treatment conditions, total cellular
RNA was and analyzed by RT-PCR analysis using the respective
primer of AFT-4, Mcl-1, and Actin.

Treatment with cucurbitacin E at 1 µM largely increased
phosphorylation levels of ERK-1/2 in HCT116 human
colon cancer cells, which appear to be unrelated with
cucurbitacin E’s anti-survival effect

We next investigated the effect of cucurbitacin E at 1 µM on
expression and phosphorylation of levels of ERK-1/2 and
JNK-1/2 in HCT116 cells over time. As shown in Fig. 4A,
treatment with cucurbitacin E at 1 µM resulted in a time-dependent increase in phosphorylation levels of ERK-1/2 in
HCT116 cells. However, there was no change in phosphorylation levels of JNK-1/2 in HCT116 cells treated with cucurbitacin E at 1 µM for the times tested. Total expression levels
of ERK-1/2 and JNK-1/2 remained constant under these experimental conditions. Using PD98059, an inhibitor of ERK1/2, we further determined the role of ERK-1/2 phosphorylation (activation) in cucurbitacin E-induced growth inhibition
of HCT116 cells. Notably, as shown in Fig. 4B, there were
substantial levels of phosphorylated ERK-1/2 in control
HCT116 cells. As expected, single treatment of PD98059 at 50
µM strongly inhibited phosphorylation of ERK-1/2 in control
or cucurbitacin E (1 µM)-treated HCT116 cells. However, as
shown in Fig. 4C, results of cell count analysis demonstrated
that treatment with PD98059 did not attenuate cucurbitacin
E-induced reduction of HCT116 cell survival. Of note, single
treatment of PD98059 significantly reduced survival of conhttp://www.e-kmj.org
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C

Fig. 4. Effect of cucurbitacin E and/or PD98059 on expression and phosphorylation levels of ERK-1/2 and JNK-1/2 and survival of HCT116
human colon cancer cells. (A) HCT116 cells were treated with cucurbitacin E (1 µM) or vehicle control for the indicated times. At each
time point, whole cell lysates were prepared and analyzed by Western blotting using the respective antibody of ERK-1/2 and JNK-1/2.
(B) HCT116 cells were treated with cucurbitacin E (1 µM) or PD98059 (50 µM), an inhibitor of ERK-1/2, for 24 h. Whole cell lysates were
prepared and analyzed by Western blotting using the respective antibody of ERK-1/2. (C) HCT116 cells were treated with cucurbitacin E (1
µM) or PD98059 (50 µM) for 24 h. The numbers of surviving HCT116 cells were measured by cell count assay in triplicate. Data are means
± SE of three independent experiments. *p < 0.05 compared to the value of cucurbitacin E or PD98059 free control at the designated
time.
trol HCT116 cells.

Discussion
Studies have previously shown that cucurbitacin E has anti-cancerous, anti-viral, and anti-inflammatory effects [13-15].
However, up to date, the anti-cancer effect and mechanism of
action of cucurbitacin E in human colon cancer cells are not
fully defined. In this study, we demonstrate that cucurbitacin
E has strong and potent anti-survival and pro-apoptotic effects on HCT116 human colon cancer cells and the effects are
associated with the ability of cucurbitacin E to control the expression and phosphorylation levels of caspase-9, PARP, eIF2α, and ATF-4.
It has been shown that cucurbitacin E has anti-cancer efhttp://www.e-kmj.org

fects on multiple cancer cell types, such as T24 (bladder), LNCaP (prostate), CaSki (cervix), and 95D (lung) cells [15,1719]. Possible mechanisms underlying the anti-cancer effects
of cucurbitacin E on these cancer cells include induction of
apoptosis, cell cycle arrest, overexpression of p53 and p21, dephosphorylation of signal transducer and activator of transcription 3, down-regulation of cyclin-dependent kinase 1
and cyclin B, activation of caspases, up-regulation of DR-5,
and oxidative stress. Through initial experiments, we have
shown that treatment with cucurbitacin E at 1 µM markedly
reduces survival of HCT116 cells, pointing out its potent and
strong anti-survival effect. Furthermore, in this study, we have
demonstrated the ability of cucurbitacin E at 1 µM to induce
strong apoptosis of HCT116 cells, as judged by cellular increases in nuclear DNA fragmentation, activation of
11
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caspase-9, and cleavage of PARP, hallmarks of cancer cell
apoptosis. It is known that apoptosis induction is mainly mediated through the intrinsic (mitochondrial) and extrinsic
(DR)-mediated pathways [20] in which either the mitochondria-mediated activation of caspase-9 or the DR-dependent
activation of caspase-8 mediates events, respectively. Considering the present findings that treatment with cucurbitacin E
at 1 µM causes activation of caspase-9 but does not alter expression levels of DR-4/5 in HCT116 cells, cucurbitacin E-induced apoptosis in HCT116 cells herein is likely to be due to
activation of the intrinsic (mitochondrial) pathway.
An interesting finding of the present study is cucurbitacin E
regulation of ER stress in HCT116 cells. In cells, ER is the primary site for protein synthesis, protein folding, and trafficking. However, ER stress often occurs when cells have dysfunction of protein synthesis and/or excessive accumulation of
misfolded and nonfunctional proteins in the ER. Excessive ER
stress is closely linked to inhibition of cell growth and/or induction of cell apoptosis. Truly, it is demonstrated that induction of ER stress is common to many anti-cancer drugs and/
or agents [21,22]. Increasing evidence illustrates that cells undergoing ER stress are characterized by increases in expression of molecular chaperones (e.g., GRP78) [23] and phosphorylation of eIF-2α with global translation inhibition [24].
It also has been reported that ATF-4, a proapoptotic factor,
mediates ER stress-induced cell death in tumor cells treated
with the chemotherapeutic agents [25,26]. In the current
study, we have shown that treatment with cucurbitacin E at 1
µM increases not only expression levels of ATF-4 but also
phosphorylation levels eIF-2α in HCT116 cells, indicating cucurbitacin E-induced ER stress and translation inhibition in
these cells. It thus seems that cucurbitacin E’s anti-survival
and pro-apoptotic effects on HCT116 cells are, in part, attributable to the ATF-4 and eIF-2α-dependent induction of ER
stress and translation interference.
There is a wealth of information that the family of MAPKs,
composing of ERK-1/2, JNK-1/2, and p38 MAPK plays central roles in cell proliferation, differentiation, survival, and
apoptosis [27,28]. Reportedly, while ERK-1/2 acts as a cell
survival factor, JNK-1/2 and p38 MAPK mediate cell growth
inhibition and/or cell death under cellular stressful conditions. In this study, we have demonstrated that cucurbitacin E
treatment with 1 µM strongly leads to strong increase in
phosphorylation of ERK-1/2, but not JNK-1/2, in HCT116
cells, indicating the selectivity. However, data of pharmacological inhibition study herein have revealed that inhibition of
ERK-1/2 activation by PD98059 does not attenuate the ability
12
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of cucurbitacin E to reduce survival of HCT116 cells. These
results suggest that cucurbitacin E’s anti-survival and
pro-apoptotic effects on HCT116 cells are independent of its
ability to activate ERK-1/2 in these cells. Given that ERK-1/2
and PKB are known to counteract each other [29] and cucurbitacin E inhibits the proliferation of NCI-N87 human gastric
cancer cells by suppressing PKB activation [30], it is speculative that cucurbitacin E may inhibit PKB, which results in activation of ERK-1/2 in HCT116 cells.
In summary, we demonstrate firstly that cucurbitacin E at 1
µM has strong anti-survival and pro-apoptotic effects on
HCT116 cells and the effects are mediated through activation
of the caspase-9-mediated intrinsic pathway and induction of
the eIF-2α- and ATF-4-dependent ER stress and translation
repression. Although there are still important issues that remain to be resolved, including cucurbitacin E’s anti-colon tumor effects on animal models, our present findings suggest
cucurbitacin E as a potential lead for the development of anti-colon cancer drug.
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The sphingolipid rheostat concept states that the cellular fate is largely determined
by various sphingolipid metabolites and the associated signaling pathways. Aberrant
regulation of the sphingolipid metabolism-related components is closely associated
with cancer survival and death, including aspects like cancer development, proliferation, progression, and response to anticancer drugs. In the present study, we investigated the expression and prognostic significance of the sphingolipid metabolism-related genes in clear cell renal cell carcinoma (ccRCC), the most common
pathological subtype of kidney cancer, using an RNA-sequencing dataset of The
Cancer Genome Atlas Kidney Clear Cell Carcinoma (TCGA KIRC) cohort. Expression levels of various sphingolipid metabolism-related genes were significantly altered in ccRCC tissues compared with those of normal solid tissues. Notably, the expression of B4GALNT1, BNIP3, DEGS1, GAL3ST1, S1PR4, SLC26A10, SMPDL3A,
and SPHK1 was significantly upregulated, whereas the expression of B4GALT6,
HPGD, LPAR1, SFTPB, ST6GALNAC5, and UGT8 was significantly downregulated
in ccRCC tissues. Notably, among these significantly-altered sphingolipid metabolism-related genes, the Kaplan-Meier survival analyses showed that high expression
levels of B4GALNT1, SLC26A10, and SPHK1 were associated with a poor prognosis
of patients with ccRCC, whereas high expression levels of BNIP3, HPGD, and SMPDL3A were associated with a better prognosis. Taken together, our study suggests
that B4GALNT1, SLC26A10, SPHK1, BNIP3, HPGD, and SMPDL3A may be novel
prognostic biomarkers and targets for a therapeutic strategy to improve the treatment of ccRCC.
Keywords: Sphingolipid
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Introduction
Renal cell carcinoma (RCC), derived from the kidney parenchyma accounts for almost 90% of all kidney tumors [1]. According to histology of the RCC subtypes recommended by the
World Health Organization, RCC is divided into three main subtypes, including clear cell renal cell carcinoma (ccRCC), papillary
renal cell carcinoma, and chromophobe renal cell carcinoma,
among which ccRCC is the most common subtype (80%-90%)
[2]. Despite an adequate surgical resection, recurrence and metastasis occur in 25% of the patients due to the aggressiveness of
ccRCC [3]. To improve this clinical limitation, there has been extensive research to find potential biomarkers that can predict the
prognosis for patients with ccRCC using genomic profiling approaches such as microarray analysis, mutation analysis, and
gene expression analysis [4-6]. Moreover, recent advances in biotechnology such as RNA sequencing (RNAseq) have revolutionized various fields of research, providing new insight into complex diseases such as cancer with respect to identification of the
causes, establishment of targets for therapeutic strategies, and exploration of new prognostic biomarkers.
The sphingolipid rheostat is a biochemical concept that involves regulation of the interconversion of sphingolipid metabolites, including ceramide, sphingosine, and sphingosine-1-phosphate (S1P), and their related signaling pathways, which play an important role in cell fate determination
[7]. Accumulating evidences indicate that the dysregulated
sphingolipid metabolism-related genes have clinicopathological relevance in various human cancers [8,9]. For example, a
high expression of sphingosine kinase 1 (SPHK1) was significantly associated with a worse outcome in survival analysis of
patients with breast cancer [10], and a high expression of ceramide synthase (CERS) 5 was significantly associated with a
poor prognosis in colorectal cancer (CRC) patients [11].
However, research is scarce on the expression and prognostic
potential of various sphingolipid metabolism-related genes in
ccRCC. Thus, in the present study, we investigated the mRNA
expression levels of the dysregulated sphingolipid metabolism-related genes in ccRCC using gene expression RNAseq
data from The Cancer Genome Atlas Kidney Clear Cell Carcinoma (TCGA KIRC) cohort and their prognostic relevance.

Materials and Methods

tic datasets (TCGA.KIRC.sampleMap/KIRC_clinicalMatrix
and survival/KIRC_survival.txt) for the TCGA KIRC cohort
were downloaded from the UCSC Xena database (https://
xena.ucsc.edu). The RNAseq dataset provides gene-level transcript estimates with log2(x+1)-transformed counts normalized using the RNA-Seq by Expectation-Maximization
(RSEM) normalization package. The RNAseq dataset of
TCGA KIRC comprises 606 samples, including 533 primary
tumor tissues, one additional new primary tumor tissue, and
72 normal solid tissues (NST). The mRNA expression levels
of the sphingolipid metabolism-related genes [12] were sorted
from the TCGA KIRC data. We calculated the |log2FoldChange (FC)| to screen for genes with more than 2-fold differences in expression levels between groups. This study met
the publication guidelines provided by TCGA (http://www.
cancer.gov/about-nci/organization/ccg/research/structrual-genomics/tcga/ using-tcga/citing-tcga). Cluster analysis
was performed using the Cluster 3.0 software [13] to classify
the samples into statistically similar groups, and the resulting
heatmaps were visualized in TreeView [14] (version 1.6). Expression levels in the heatmaps have been quantile normalized [15], median-centered, and scaled for visualization.

Kaplan-Meier (KM) survival analysis with log rank test

Prior to a survival analysis, we calculated the median gene
expression values of the selected sphingolipid metabolism-related genes from TCGA KIRC and determined the values as
the cutoff values for survival analysis. Based on the median
value of each gene, ccRCC samples of TCGA KIRC was divided into 2 groups. The survival of the two groups was analyzed
using the KM method, and statistical significance was assessed using the log-rank test.

Statistical analysis

Statistical analysis was performed with the SPSS software
(version 25.0; IBM SPSS, Armonk, NY, USA). The Kolmogorov-Smirnov test was used for testing normality of the data.
Differences between groups were then statistically analyzed
using the Student’s t-test. The association between inter-individual mRNA levels of the sphingolipid metabolism-related
genes was assessed using the Pearson’s correlation coefficients
for continuous variables. In general, p < 0.05 was considered
to denote significance in all statistical analyses performed in
the study.

Gene expression databases and cluster analysis

The gene expression RNAseq dataset (level 3, dataset ID:
TCGA.KIRC.sampleMap/HiSeqV2) and clinical characterishttp://www.e-kmj.org
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Results
Altered expression levels of the sphingolipid metabolism-related genes in TCGA KIRC cohort.
The heatmap revealed that various sphingolipid metabolism-related genes were dysregulated in ccRCC compared
with NST of patients with ccRCC (Fig. 1). The Student’s t-test
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confirmed that various sphingolipid metabolism-related
genes were significantly dysregulated in ccRCC tissues compared with NST (p < 0.05; Fig. 2A). Specifically, beta-1,4-N-acetyl-galactosaminyltransferase 1 (B4GALNT1),
the BCL2 interacting protein 3 (BNIP3), delta 4-desaturase,
sphingolipid 1 (DEGS1), galactose-3-O-sulforansferase 1
(GAL3ST1), the sphingosine-1-phosphate receptor 4 (S1PR4),

Fig. 1. Heatmap presenting the relative mRNA expression levels of the sphingolipid metabolism-related genes in the TCGA KIRC
cohort. The data are presented in matrix format in which each row represents an individual gene and each column represents a single
tissue. Each cell in the matrix represents the expression level of a gene feature in an individual tissue. The red and green colors in cells
reflect relative high and low expression levels, respectively, as indicated in the scale bar. The samples were ordered from NSTs to ccRCC
samples according to the standardized expression level of each gene as indicated. TCGA KIRC, The Cancer Genome Atlas kidney clear cell
carcinoma; ccRCC, clear cell renal cell carcinoma; NST, normal solid tissue.
16
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A

B
Fig. 2. (A) Heatmap showing significantly dysregulated mRNA expression of the sphingolipid metabolism‑related genes in ccRCC tissues
compared with the NST of TCGA KIRC cohort. The data are presented in matrix format in which each row represents an individual gene
and each column represents a single tissue. Each cell in the matrix represents the expression level of a gene feature in an individual
tissue. The red and green colors in cells reflect relative high and low expression levels, respectively, as indicated in the scale bar. The
samples were ordered from NSTs to ccRCC samples according to the standardized expression level of each gene as indicated. *p<0.05 (NST
versus ccRCC). (B) Relative mRNA levels of various sphingolipid metabolism-related genes in TCGA KIRC samples. *Student t-test, p<0.05,
|log2FoldChange| ≥ 1.0. TCGA KIRC, The Cancer Genome Atlas kidney clear cell carcinoma; ccRCC, clear cell renal cell carcinoma; NST,
normal solid tissue.
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Table 1. Pearson’s correlation analysis between inter-individual components of sphingolipid metabolism-related genes
Samples
TCGA KIRC tissues from TCGA KIRC cohort (n = 533)

Correlations between components
B4GALNT1 and B4GALT6
B4GALNT1 and BNIP3
B4GALNT1 and GAL3ST1
B4GALNT1 and SLC26A10
B4GALNT1 and SMPDL3A
B4GALNT1 and SPHK1
B4GALNT1 and ST6GALNAC5
B4GALNT1 and UGT8
B4GALT6 and DEGS1
B4GALT6 and GAL3ST1
B4GALT6 and HPGD
B4GALT6 and S1PR4
B4GALT6 and SFTPB
B4GALT6 and SLC26A10
B4GALT6 and SMPDL3A
B4GALT6 and SPHK1
B4GALT6 and ST6GALNAC5
B4GALT6 and UGT8
BNIP3 and DEGS1
BNIP3 and GAL3ST1
BNIP3 and HPGD
BNIP3 and LPAR1
BNIP3 and SFTPB
BNIP3 and SLC26A10
BNIP3 and SMPDL3A
BNIP3 and SPHK1

Pearson’s correlation coefficient value
-0.271
-0.129
-0.267
0.768
-0.244
0.181
0.087
-0.110
-0.141
-0.127
0.158
-0.232
0.352
-0.346
0.120
-0.255
-0.183
0.347
0.123
0.410
-0.106
-0.201
-0.353
-0.104
0.419
-0.320

p-Value*
< 0.001
0.003
< 0.001
< 0.001
< 0.001
< 0.001
0.045
0.011
0.001
0.003
< 0.001
< 0.001
< 0.001
< 0.001
0.006
< 0.001
< 0.001
< 0.001
0.004
< 0.001
0.014
< 0.001
< 0.001
0.016
< 0.001
< 0.001

*Pearson’s correlation coefficient analysis.

the solute carrier family 26 member 10 (SLC26A10), sphingomyelin phosphodiesterase acid like 3A (SMPDL3A), and
SPHK1 were significantly upregulated in ccRCC, whereas beta-1,4-galactosyltransferase 6 (B4GALT6), 15-hydroxyprostaglandin dehydrogenase (HPGD), the lysophosphatidic acid
receptor 1 (LPAR1), the surfactant protein B (SFTPB), ST6
N-acetylgalactosaminide alpha-2,6-sialyltransferase 5 (ST6GALNAC5), and UDP glycosyltransferase 8 (UGT8) were
significantly downregulated in ccRCC compared to their respective expression in NST (the Student’s t-test, p < 0.05,
|log2FC| ≥ 1.0; Fig. 2B). These 14 dysregulated sphingolipid
metabolism-related genes may therefore play an important
role in the ccRCC pathophysiology.
Inter-individual correlations between sphingolipid metabolism-related genes showing altered mRNA expression levels in
ccRCC.
Based on the Pearson’s correlation coefficient, we found 69
significant correlations between the mRNA expression levels
18

of the 14 significantly dysregulated sphingolipid metabolism-related genes in ccRCC sorted from TCGA KIRC cohort
(Table 1).
Survival analysis of the significantly dysregulated sphingolipid metabolism-related genes in ccRCC.
Survival data were available for a total of 605 ccRCC patients
for the KM survival analysis. The KM plot and log-rank test indicated that higher mRNA expression levels of B4GALNT1,
SLC26A10, and SPHK1 were associated with an unfavorable
overall survival in ccRCC patients (Fig. 3A-3C; p = 0.013, p <
0.001, and p < 0.001, respectively). However, higher mRNA expression levels of BNIP3, HPGD, and SMPDL3A were associated
with a favorable overall survival in ccRCC patients (Fig. 3D-3F, p
= 0.005, p < 0.001, and p = 0.009, respectively).

Discussion
Since the sphingolipid rheostat was proposed as an importhttp://www.e-kmj.org

Keimyung Med J

계명의대학술지 제39권 1호 2020

B4GALNT1

SLC26A10

0.6
0.4
0.2

P = 0.013
0

1.0

Overall survival

Overall survival

Overall survival

0.8

0.0

0.8
0.6
0.4
0.2

P < 0.001

0.0
0

1000 2000 3000 4000 5000

A

Time (days)

0.4
P = 0.005

0.6
0.4
0.2

Time (days)

B

SMPDL3A

P < 0.001

0.0
0

D

1000 2000 3000 4000 5000

1.0

0.8

1000 2000 3000 4000 5000

- High expression

P < 0.001
0

Overall survival

Overall survival

0.6

Time (days)

0.2

HPGD

0.8

0

0.4

B

1.0

0.0

0.6

1000 2000 3000 4000 5000

BNIP3

0.2

0.8

0.0

Time (days)

1.0

Overall survival

SPHK1

1.0

1.0

0.8
0.6
0.4
0.2

P = 0.009

0.0

1000 2000 3000 4000 5000

Time (days)

0

E

1000 2000 3000 4000 5000

Time (days)

F

- Low exexpression

Fig. 3. Survival analyses of the sphingolipid metabolism-related genes in ccRCC samples of TCGA KIRC cohort. Kaplan-Meier plot of
overall survival in subjects with high versus low (A) B4GALNT1, (B) SLC26A10, (C) SPHK1, (D) BNIP3, (E) HPGD, and (F) SMPDL3A mRNA
expression. TCGA KIRC, The Cancer Genome Atlas kidney clear cell carcinoma; ccRCC, clear cell renal cell carcinoma.

ant concept in determining the cell fate, many studies have
focused on the contribution of sphingolipid metabolism to
the mechanism of cancer development, as well as for the identification of new targets for a cancer therapeutic strategy and
prognostic factors [16]. However, the expression and potential
prognostic markers of the sphingolipid metabolism-related
genes remain to be investigated for many cancer types, including ccRCC. In this study, using the RNAseq data of
TCGA KIRC cohort, we evaluated the dysregulation of sphingolipid metabolism-related genes in ccRCC and identified
potential prognostic markers.
We identified eight sphingolipid metabolism-related genes
(B4GALNT1, BNIP3, DEGS1, GAL3ST1, S1PR4, SLC26A10,
SMPDL3A, and SPHK1) that were significantly upregulated in
ccRCC in TCGA-KIRC cohort, and the KM survival analysis
showed that higher expression levels of B4GALNT1,
SLC26A10, and SPHK1 were significantly correlated with a
worse prognosis. These results were found to be consistent
with recent studies showing that worse overall survival was
http://www.e-kmj.org

significantly associated with upregulated SPHK1 expression
in non-small cell lung cancer [17] and that B4GALNT1 expression was upregulated in ccRCC [18]. Although SLC26A10
expression was found to be significantly upregulated in colorectal carcinoma compared to adenoma, the prognostic significance of SLC26A10 was not evident [19]. SPHK1 is a major enzyme of the S1P metabolism pathway, and plays an important role in tumorigenesis [20], cancer angiogenesis [21],
intercellular communication of the tumor environment [22],
and formation of the prometastatic environment [23].
B4GALNT1 is a key enzyme in generation of the gangliosides
GM2/GD2, and has also been shown to be involved in tumorigenesis [24]. Thus, our results suggest that SPHK1 and
B4GALNT1 may play crucial roles as oncogenes in ccRCC.
Similarly, we hypothesized that BNIP3 and SMPDL3A also
functioned as oncogenes in ccRCC, and that their higher expression levels may contribute to poor prognoses. Noteworthy, BNIP3 and SMPDL3A were significantly upregulated in
ccRCC, but higher expression levels of these genes were sig19
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nificantly correlated with better prognoses in TCGA-KIRC
cohort. BNIP3 is a well-known tumor suppressor gene that
regulates cell death and mitophagy [25], and its higher expression level has previously been correlated with a good
prognosis [26], providing further support that BNIP3 plays an
important role as a tumor suppressor gene in the ccRCC
pathophysiology. However, further investigation is needed to
clarify the reason for the increase in BNIP3 expression levels
in ccRCC tissues compared with the levels in NST. SMPDL3A
functions as a liver X receptor target gene; however, little is
known about its potential roles in cancer. Conversely, the other six dysregulated sphingolipid metabolism-related genes
(B4GALT6, HPGD, LPAR1, SFTPB, ST6GALNAC5, and
UGT8) were significantly downregulated in ccRCC compared
with those in NST. Notably, higher expression levels of HPGD
were significantly correlated with a better prognosis in TCGA-KIRC cohort. HPGD is responsible for regulation of prostaglandin metabolism [27] and also acts as a tumor suppressor gene [28]. A decreased level of HPGD was correlated with
a poor prognosis in patients with triple-negative breast cancer
[29], which was found to be in line with our results, suggesting an important role in the pathophysiology of ccRCC.
Moreover, in the present study we provide the first evidence
for the significantly-altered regulation of SLC26A10,
B4GALT6, and SMPDL3A and their prognostic significance
in ccRCC. However, previous studies have demonstrated conflicting results in finding a poor prognosis associated with
higher expression of BNIP3 in patients with non-small cell
lung cancer [30] and uveal melanoma [31], and higher expression of HPGD in patients with breast cancer [32]. Therefore, more detailed analysis will be needed to determine the
regulatory mechanisms of sphingolipid metabolism-related
genes and their association with the pathophysiology of
ccRCC.
Significant correlations between the sphingolipid metabolism-related genes have been reported in various CRC cohorts, including CERS2 and CERS4, CERS4 and CERS5, and
CERS5 and CERS6 [33]. Inter-individual correlations between
the significantly dysregulated sphingolipid metabolism-related genes of ccRCC revealed 69 significant correlations; however, no genes were correlated with these six CERS genes as
none of these genes showed significantly-altered expression
levels in ccRCC compared with those in NST. Therefore, cancer signaling pathways altered in ccRCC may be related to the
correlation between the sphingolipid metabolism-related
genes other than the CERS genes.
In conclusion, we identified the significantly-altered sphin20
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golipid metabolism-related genes and their prognostic significance in patients with ccRCC using TCGA-KIRC cohort. Notably, our study suggests that B4GALNT1, SLC26A10, SPHK1,
BNIP3, HPGD, and SMPDL3A may be potential prognostic
biomarkers and promising therapeutic candidates for ccRCC.
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The zinc finger protein ZBTB48 is a telomere-associated factor and renamed it as
telomeric zinc finger-associated protein (TZAP). It binds preferentially to long telomeres competing with TRF1 and TRF2. However, its mutation in cancers has not
been studied. In the present study, we analyzed TZAP mutation in 134 non-small
cell lung cancers (NSCLCs). And its big data analysis was performed using COSMIC
and TCGA data analysis. TZAP mutation was not found in 134 NSCLCs. And big
data also showed that TZAP mutation was extremely low (0.59%, 15/2548). TCGA
survival analysis showed no prognostic value of TZAP expression in lung adenocarcinoma (p = 0.185) and squamous cell carcinoma (p = 0.817). When stratified patients sorting as 25:25 (quarter), it has a significance (p = 0.003). This result suggested that genetic change of TZAP did not appear to be a possible molecular marker in
lung cancer.
Keywords: Non-small cell lung cancers, Telomere, TZAP, ZBTB48

Introduction
Telomeres, composed of 6-bp TTAGGG repeat sequences, are nucleoprotein
complexes capping each end of eukaryotic chromosomes [1,2]. In normal human somatic cells, telomeres have an average length of 5 to 15 kilobases and are
shortened by approximately 30 to 200 base pairs at every cell division. Telomere
shortening is counteracted by the reverse transcriptase telomerase in stem cells
and most types of cancer, while the remaining cancers maintain telomeres with
alternative lengthening of telomeres (ALT) mechanism [3-5]. A telomere trimming mechanism is induced in the presence of overly long telomeres, which are
cut back to normal length by rapid telomere shortening [6-8]. Though the specific regulation of this process has not been identified, recent studies have discovered a special protein that is necessary for regulating telomere [9]. They
identified the zinc finger protein ZBTB48, as a telomere-associated factor, and
renamed it telomeric zinc finger-associated protein (TZAP). It binds preferentially to long telomeres competing with telomeric repeat factor 1 and 2 (TRF1
and TRF2). In addition, the study showed that overexpression of TZAP caused
progressive telomere shortening [9]. TZAP localizes to chromosome 1p36, a region that is frequently rearranged or deleted in various cancers [10-12]. This genetic change of TZAP may be associated with cancer pathogenesis, however, a
genetic analysis of TZAP has not been performed in any specific type of cancer.
Lung cancer is the leading cause of cancer-related deaths worldwide, with
only 16.8% of lung cancer patients alive 5 years after diagnosis [13]. Many
23
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causative factors for lung cancer have been identified, including active smoking, secondhand smoke, occupational agents,
radiation, and environmental pollutants [14-15]. These factors may influence the telomere regulation in human inducing various disease such as especially in nonsmall cell lung
cancer (NSCLC). These previous studies suggested that the
regulation of telomere length had the potential to serve as
prognostic marker for patients with NSCLC, and may therefore aid clinicians in making informed therapeutic decision
[16,17]. Therefore, we analyzed TZAP mutation and expression in patients with NSCLC for the first time. To increase the
statistical significance, we confirmed big cohorts, The Cancer
Genome Atlas (TCGA) and Catalogue of Somatic Mutation
In Cancer (COSMIC) data.

Materials and Methods
Patients and tissue samples

A total of 134 cases were identified from pathology reports
of patients who underwent conventional surgery for NSCLC at
the Kyungpook National University Hospital (KNUH). All
materials derived from the National Biobank of Korea, KNUH,
were obtained under institutional review board-approved protocols (Approval No. KNUMCBIO_14-1010). None of the patients received chemotherapy or radiotherapy prior to surgery.
We collected basic clinical data including age, gender, disease
stage, and smoking status. The pathologic staging of lung cancer was based on the 7th AJCC staging system.
DNA samples of the tumor tissue and adjacent normal mucosa were obtained using an extraction kit according to the
manufacturer’s instructions (Absolute™ DNA extraction Kit,
BioSewoom, Korea). The quantity and quality of DNA were
measured using NanoDrop 1000 (Thermo Fisher Scientific,
Inc., Pittsburgh, PA, USA).
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using an ABI 3730 DNA sequencer (Bionics Inc., Seoul, South
Korea).

The Cancer Genome Atlas (TCGA) data analysis

To investigate the clinical significance of TZAP, we used the
TCGA and COSMIC database. TZAP mRNA expression data
were downloaded from TCGA’s data portal (https://tcga-data.
nci.nih.gov/tcga/) on October, 2019 [18]. And TZAP mutation data were checked form COSMIC (https://cancer.sanger.
ac.uk/cosmic) on October, 2019 [19]. Its clinicopathological
and prognostic values were analyzed.

Statistical analysis

Statistical analysis was performed by SPSS version 23.0
(IBM SPSS, Armonk, NY, USA). Survival curves, constructed
using the univariate Kaplan-Meier estimators, were compared
using the log-rank test. Overall survival (OS) was defined as
the time between diagnosis and mortality. A p value of < 0.05
denoted significance for all statistical analyses performed in
this study.

Results
The sequences of TZAP regions were successfully analyzed
in the 134 NSCLCs tissue samples. We found no TZAP mutaTable 1. Primer sequences used in this study
Name
TZAP exon 1
TZAP exon 2
TZAP exon 3
TZAP exon 4

TZAP mutation analysis

TZAP exons were amplified from isolated DNA using the
polymerase chain reaction (PCR). PCR was performed using
AmpliTaq Gold ® DNA Polymerase (Applied Biosystems,
Thermo Fisher Scientific, Inc., Waltham, MA, USA). The sequences of primers for all exons are presented in Table 1.
Thermocycling was conducted under the following conditions: 40 cycles of 94°C for 30 sec, 55-57°C for 30 sec, and
72°C for 60 sec. The PCR products were separated on a 1.5%
agarose gel using electrophoresis and stained with ethidium
bromide for 20 min to confirm the size of the bands. Direct
DNA sequencing of the TZAP was subsequently performed
24

TZAP exon 5-1
TZAP exon 5-2
TZAP exon 5-3
TZAP exon 6
TZAP exon 7
TZAP exon 8

Primer sequences
F: CCAGACCTCAACAGCACAGA
R: CACAGCCCACGAACCTAGTG
F: ATCCCATTGGCCGTTCTCT
R: CCGGCACAGTGAGAGGAT
F: TAGAGGCCAACTTCCCGTTT
R: CCTGGGCACAGTACCTCATT
F: CCTGCTGATTCATTTGGTGA
R: GGAATGGCAGACAGGAAAAG
F: GGAGGTGAGGAAGTTGACCA
R: CCCTTCTAAGGGGAACAAGTG
F: GCTTGTCCCTGCACCTTAAC
R: GGAGAGGGCAACACATAACC
F: AGTCTGTCTGGGCCTGAGAA
R: CCCTCCCTGTCACTTACTGC
F: CCCTTCCCTGCTCTCACC
R: AAGAGAGAACGGGCGACAC
F: GTCACTTCCCTTGGTGATGG
R: GAGGGGACCAGTGGTTTACA
F: CTGGGTGGCACTGGAGAG
R: CACGGGAACAGACTGTCAGG
http://www.e-kmj.org
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tions in all NSCLCs. In COSMIC data, this mutation was
found in 0.58% (15/2548) of NSCLC. It was summarized in
Table 2. Most mutations were missense mutation and it did
not have any clinical significance.
We then assessed the survival analysis to clarify the prognostic significance of the TZAP expression in patients with
NSCLC using TCGA data. In 488 squamous cell carcinomas,
TZAP expression did not show any prognostic value for the
patients with NSCLCs (p = 0.817, Fig. 1A). In 246 adenocarcinomas, TZAP also did not have any prognostic significance
(p = 0.185, Fig. 1B). However, when the patients were divided
by quarter, poorer survival results were found in lower expression group (p = 0.003, Fig. 1C).

Discussion
In this study, we demonstrated TZAP mutation and expression for the first time in cancer, specifically NSCLC. TZAP
mutations have not yet been studied and rare mutations were
only reported in the International Cancer Genome Consortium (ICGC) data [19]. In our hospital samples, we found no
TZAP mutation in lung cancer and non-cancerous tissue, respectively. COSMIC data also reported an extremely lower
frequency of TZAP mutation in lung cancers. Thus, this mutation may be not specific for lung cancer, although this needs
to be further confirmed.
ZBTB48 is a Kruppel-like C2H2 zinc finger protein consisting of 11 tandem zinc finger domains located C-terminal to

the BTB/POZ domain [9]. Recent study established that
ZBTB48, renamed by Li et al. [9] as TZAP for telomeric zinc
finger-associated protein, tend to bind overly long telomeres in
mouse stem cells and cancer cells, irrespective of whether telomerase or ALT is operational. TZAP appears to compete with
TRF1 and TRF2 for binding to telomeres, and its association
could be contingent on the exhaustion of free shelterin, possibly as telomeres replicate and elongate [8,9]. Therefore, its mutation or expression may be associated with various diseases,
especially cancers. Based on this hypothesis, we searched
ZBTB48 (TZAP) expression level in TCGA data and analyzed
its prognostic value in lung cancers.
According to the TCGA data, TZAP expression, unfortunately, was not associated with lung cancer survival. However,
it showed a possibility for prognostic value in some classification. Our study has demonstrated, for the first time, a better
prognosis in patients with NSCLC with higher TZAP expression. However, TZAP did not have any clinical and prognostic
values totally. Considering the important role of telomere regulation in lung cancer [12,16,17], precise mechanism of genetic change of TZAP should be studied further.
In conclusion, we studied the TZAP mutation and TZAP
expression in patients with NSCLC. TZAP did not have great
significance for clinical and prognostic markers in NSCLC.
The results of the present study warrant future large-scale
studies to elucidate the underlying molecular mechanisms of
TZAP and to determine the potential clinical utility.

Table 2. COSMIC data of TZAP (ZBTB48) mutation in lung cancers
Sample Name
HOP-62
IGC-02-1163
IGC-04-1086
LC_S19
LUAD_E00522
824_T
H157
J76_T
TCGA-22-5472-01
TCGA-34-5929-01
2014_Lung_sq_06_T
2014_Lung_sq_41_T
2014_Lung_sq_88_T
TCGA-91-6830-01

ID
1998445
2662279
2662299
1863730
1765259
2194936
2776238
2195003
1780945
1781318
2744877
2744912
2744855
1914092

Amino acid
p.S89
p.R548L
p.H407Y
p.K307N
p.I678M
p.R485C
p.L157V
p.V562
p.S258
p.R485C
p.S187F

Substitution
Nucleotide
c.266C> G
c.1643G> T
c.1219C> T
c.921A> T
c.2034C> G
c.1453C> T
c.469C> G
c.1379+12C> G
c.1686G> T
c.773C> G
c.1379+12C> G
c.1453C> T
c.933-238C> T
c.560C> T

Type
Nonsense
Missense
Missense
Missense
Missense
Missense
Missense
Intron variant
coding silent
Nonsense
Intron variant
Missense
Intron variant
Missense

Histology
AD
AD
AD
AD
AD
SCC
SCC
SCC
SCC
SCC
Unknown
Unknown
Unknown
AD

AD, adenocarcinoma; SCC, squamous cell carcinoma.
http://www.e-kmj.org
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Fig. 1. TCGA data of TZAP expression (ZBTB48) in NSCLC. (A)
Overall survival of TZAP expression in squamous cell carcinoma
(B) Overall survival of TZAP expression in adenocarcinoma
sorted by half (50:50) (C) Overall survival of TZAP expression in
adenocarcinoma sorted by quarter (25:25).
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The clinical outcomes after surgical resection of gastrointestinal stromal tumors
(GISTs) vary widely due to the differences in tumor size and mitotic index. To analyze the long-term outcomes and prognosis of surgically resected gastric GISTs according to tumor size. We retrospectively analyzed the medical records of 269 patients who underwent surgery for GISTs at Keimyung University Dongsan Hospital
from March 2000 to March 2017. We surveyed tumor size, mitotic index, recurrence
after surgery, time to recurrence, treatment for recurrence, and mortality. The risk of
recurrence of gastric GISTs was classified as very low, low, intermediate, and high
risk according to the 2007 Journal of the national comprehensive cancer network
(JNCCN). After excluding 69 patients who had simultaneous gastric adenocarcinoma, the outcomes of 200 patients were analyzed. Recurrence was observed in 7 patients: 1 in the very low risk group (1-2 cm), 2 in the very low risk group (less than 5
cm), and 3 in the high risk group. Death due to gastrointestinal bleeding occurred in
1 patient in the high risk group who had a tumor >10 cm. While the recurrence rates
after surgical resection of GIST are very low, careful monitoring and regular follow-up are warranted, even for low risk patients.
Keywords: Gastrointestinal stromal tumors, Mitotic index, Prognosis, Risk factors,
Stomach neoplasms

Introduction

2020 Keimyung University School of Medicine
This is an open-access article distributed under the
terms of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and
reproduction in any medium, provided the original
work is properly cited.

28

Gastrointestinal stromal tumors (GISTs) are the most common tumors of mesodermal origin in the gastrointestinal (GI) tract [1]. GISTs originate from the interstitial cells of Cajal in the muscular layer of the GI tract. Activating mutations in
oncogenes such as KIT and PDGFRA are known to be associated with the development of GISTs [2,3]. GISTs account for less than 1% of all malignant tumors in
the GI tract, and while they occur most commonly in the stomach (70%), they can
occur anywhere in the GI tract, including the small intestine (20-30%) or the rectum/colon (10%) [4]. The standard treatment for GISTs, including gastric tumors,
is surgical resection. The aim of surgery is complete resection to ensure that no tumor is left in the resection margin and to avoid rupture of the tumor, which can
increase the risk of recurrence [5]. However, the clinical course after surgical resection varies greatly. While GISTs can have a very slow, benign course, they often
progress very rapidly even after meticulous surgical resection [6,7]. This is because
the prognosis for gastric GISTs is affected by tumor size and mitotic index [8,9].
To date, there have been almost no reports on the long-term prognosis, including
recurrence, after surgical resection of gastric GISTs. Therefore, in this study, we
aimed to analyze the long-term therapeutic outcomes and prognoses of surgically
resected gastric GISTs according to tumor size.
http://www.e-kmj.org
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Materials and Methods
Patients

This was a single center study of patients who had undergone surgery at a tertiary medical institution in Daegu. We
retrospectively analyzed the medical records of 269 patients
who underwent surgery for gastric GIST at Keimyung University Dongsan Medical Center between March 2000 and
March 2017. We collected data on the patients’ age and sex,
the location of the tumor and its pathological characteristics,
and recurrence rates. None of the patients showed remote
metastasis at the time of the initial diagnosis. This study was
reviewed and approved by Institutional Review Board and
Ethics Committee of Keimyung University Dongsan Hospital.

Pathological analysis

For pathological characteristics, we examined tumor size,
mitotic index, extent of infiltration in the surgical margin, tumor necrosis, and invasion of nearby lymph nodes. Tumor
size was measured as the length of the longest diameter, and
mitotic index was calculated in a 50x high power field (HPF).
In all patients, gastric GIST was diagnosed using CD117
(c-kit) and CD34 immunostaining. Based on the 2007
JNCCN criteria, the risk of postoperative metastasis was evaluated using tumor size and mitotic index, and patients were
classified into very low risk, low risk, intermediate risk, and
high risk groups. The very low risk group was defined as a tumor size of < 2cm and mitotic index of < 5/50HPF; the low
risk group was defined as a tumor size of 2-5cm and a mitotic
index of < 5/50HPF; the intermediate risk group was defined
as a tumor size of < 5cm and a mitotic index of 6-10/50HPF;
and the high risk group was defined as a mitotic index of
> 10/50HPF, irrespective of tumor size.

Statistical methods

The patients’ demographic characteristics and clinical and
pathological data are presented using descriptive statistics.
For continuous variables, the number of patients (%), the
mean ± standard deviation, and the mean (range) is presented. For categorical variables, the frequency and percentage are
presented. The Kaplan-Meier method was used to calculate
recurrence-free survival, while the log-rank method was used
to determine the factors associated with recurrence. The tests
performed were two-tailed and p < 0.05 was considered statistically significant. All statistical analyses were performed
using SPSS Statistics for Windows ver. 22.0 (IBM Co., Armonk, NY, USA).

Results
Patients’ demographic characteristics

A total of 269 patients underwent surgery for gastric GIST,
of whom 69 were excluded because they had simultaneous
gastric adenocarcinoma, which would have confounded the
analysis of recurrence rates. There were 200 patients in the final analysis. Based on their pathological results, 38 patients
were classified in the very low risk group, 98 in the low risk
group, 45 in the intermediate risk group, and 19 in the high
risk group (Fig. 1). The patients’ mean age was 60.8 ± 11.7
years, and there were was a predominance of females (127 patients). There were 6 patients with a tumor size < 1 cm (3%),
37 with a tumor size of 1-2 cm (18.5%), 104 with a tumor size
of 2-5 cm (52%), and 53 with a tumor size of > 5cm (26.5%).
The mean follow-up duration was 67 months (0.2-200
months) (Table 1).

Risk of recurrence according to tumor size

The 6 patients with tumors < 1 cm were all in the very low

Postoperative monitoring

All patients were monitored postoperatively to check for
recurrence. The mean follow-up period was 67 months (0.2200 months). At the outpatient visits during this period, the
patients’ medical history was taken and they underwent a
physical examination. Upper GI endoscopy and abdominal
computed tomography (CT) were performed at 3-6 month
intervals, and abdominal ultrasonography, thoracic CT, and
positron emission tomography-CT were performed as necessary. Recurrence was defined as reappearance of the tumor
on a single test.

http://www.e-kmj.org

269 gastric GISTs
69 were excluded

38
very low risk

98
low risk

45
intermediate risk

19
high risk

Fig. 1. Recurrence risk classification. The very low, low,
intermediate, and high risk groups were classified based on the
2007 JNCCN. Sixty nine patients who had simultaneous gastric
adenocarcinoma were excluded.
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Table 1. Clinical characteristics of the 200 patients with gastric
GIST
60.8 ± 11.7
73 : 127
6 (3)
37 (18.5)
104 (52)
53 (26.5)
38 (19)
98 (49)
45 (22.5)
19 (9.5)
67 (0.2-200)

GIST, gastrointestinal stromal tumor.

risk group. Of the 37 patients with a tumor size of 1-2 cm, 32
(86.5%) were in the very low risk group and 5 (13.5%) were in
the low risk group. Of the 104 patients with a tumor size of
2-5 cm, 69 (66.3%) were in the low risk group and 35 (33.7%)
were in the intermediate risk group. The 53 patients with a
tumor size of > 5 cm varied in risk, with 24 (45.3%) in the low
risk group, 10 (18.9%) in the intermediate risk group, and 19
(35.8%) in the high risk group.

Tumor recurrence

During an average follow-up period of 67 months (0.2-200
months), recurrence was observed in 7 patients (3.5%). There
was 1 case of recurrence in the very low risk group in a patient
with a tumor size of 1-2 cm, and 2 cases in the very low risk
group in patients with tumor sizes of 2-5 cm. In the high risk
group, there were 3 cases of recurrences in patients with tumors > 5 cm (5.7%). Table 2 shows the clinical characteristics
of the 7 patients who developed a recurrence. The most common sites of recurrence were the stomach and liver. All the patients were subsequently treated with imatinib. There was 1
death during the follow-up period, of a patient in the high risk
group with a tumor size of ≥ 10cm, and the cause of death was
GI bleeding due to GIST. The 5-year recurrence-free survival
rates were 100% in the very low risk group, 98.9% in the low
risk group, 95.5% in the intermediate risk group, and 86.7% in
the high risk group; these differences were statistically significant (log-rank test, p < 0.05) (Fig. 2).

30

90

Cumulative survival (%)

Characteristics
Age, years
Sex, male : female
Tumor size, n (%)
< 1 cm
1-2 cm
> 2 cm ≤ 5 cm
> 5 cm
Risk of recurrence, n (%)
Very low
Low
Intermediate
High
Mean follow up period, months (range)

100

80
70
60
50
40
30
Very low: 100%
Low: 98.9%
Intermediate: 95.5%
High: 86.7%

20
10
0
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50

100

150

200

Time after surgery (months)

Fig. 2. The 5-year recurrence-free survival rates according to
risk groups. The recurrence-free survival rates in the very low, low,
intermediate, and high risk groups were 100%, 98.9%, 95.5%, and
86.7%, respectively. Statistical analysis showed a significant lower
recurrence-free survival rate in the high risk group (log-rank test,
p <0.05).

Discussion
This study was a retrospective analysis of recurrence in patients who underwent surgery for gastric GIST. Compared to
overseas studies, in which the mean age of gastric GIST patients was around 63 years and there were more male patients
than female patients [10,11], the mean age in our study was
60.8 years, and there was a predominance of female patients.
Other Korean studies have also reported younger patient ages
(around 60 years on average) and more females than overseas
studies [12,13].
The first aim of treatment for gastric GIST is complete surgical resection with no infiltration of the margin. The desired
resection margin has been reported to be 1-2 cm [14]. However, recent studies have reported that extensive resection to
ensure a wide margin is not necessary, and is unrelated to
good surgical outcomes [15,16]. Therefore, the objectives of
gastric GIST surgery have shifted recently toward only complete resection with a clear margin, and since lymph node
metastasis is extremely rare, lymph node dissection is not
generally performed [7].
The postoperative recurrence rates of gastric GIST reported
in Western studies is 17-24% [17,18]. However, studies from
Korea and Japan report lower postoperative recurrence rates.
Similarly, we observed a postoperative recurrence rate of
http://www.e-kmj.org
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Table 2. Characteristics of the patients that developed a recurrence after surgical resection
Case
No.
1
2
3
4
5
6
7

Age/Sex

Method

58/F
50/F
57/M
60/M
69/F
45/F
66/M

Wedge resection
Total gastrectomy
Subtotal gastrectomy
Wedge resection
Wedge resection
Total gastrectomy
Wedge resection

Maximum
diameter (cm)
1.8
18.5
24
4.2
5.2
3.5
20

Mitotic index
(/50 HPF)
1-2
7
50
20
15-20
5
30

Resection margin
clear
clear
clear
clear
clear
clear
clear

Time until
recurrence (Mo)
3
12
6
24
14
19
60

Site of recurrence
Stomach
Liver
Liver
Peritoneum
Liver
Liver
Stomach

HPF, high power field.

3.5%, albeit in a cohort with a large number of patients in the
very low and low risk groups. Other Korean studies have also
reported similar recurrence rates. Yang et al. [19] reported recurrence in 6 out of 105 patients (5.7%) after surgical resection, and Kim et al. [7,20] reported postoperative recurrence
rates of 2.7% and 4.8%. Japanese studies have shown even
lower recurrence rates; for example, Honda et al. [21] reported recurrence in only 1 out of 78 patients (1.3%) after laparoscopic surgery for gastric GIST. These low recurrence rates
are thought to be due to recent improvements in surgical
techniques and early diagnosis. In particular, Korea and Japan
have high rates of early gastric cancer endoscopic examinations for early detection are performed more often than in
Western countries. As a result, smaller GISTs are more likely
to be found.
The 5-year recurrence-free survival rates in the very low
and low risk groups in our study were 100% and 98.9%, respectively, which were similar to other studies [5]. In addition, there were no deaths during the follow-up period in the
low risk group or below, which is also consistent with other
studies [22]. However, the high risk group showed a low
5-year recurrence-free survival rate of 86.7%, and there was
also a case of death due to GIST-related bleeding in the high
risk group. This is also the same as other studies, with high
risk GIST patients showing high recurrence rates and poor
prognoses; the 5-year survival rate after complete resection
of high risk GIST has been reported in the range of 35-70%
[23-25].
Our study had several limitations. First, as a retrospective
study, the numbers of patients in the very low, low, intermediate, and high risk groups are all different, and the follow-up
duration and timing of follow-up examinations also differ.
Second, there were not many patients who underwent endoscopic ultrasound to determine the risk of gastric GIST. In
http://www.e-kmj.org

particular, 1 case of recurrence was observed even among patients with a tumor size of < 2cm, which is generally managed
by monitoring without surgery. Had the internal appearance
of the tumor been inspected by endoscopic ultrasound, it
might have been possible to analyze the risk of recurrence in
more detail.
In conclusion, although the recurrence rate after complete
resection of gastric GIST is very low, the high risk group requires thorough postoperative follow-up to monitor for recurrence. In addition, even in the very low risk group, with
tumor size < 2cm and low mitotic index, cases of recurrence
do occur, and so regular postoperative follow-up is essential.
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Thoracic epidural anesthesia (TEA) is an efficient procedure for managing intraoperative and postoperative pain caused by liver resection, gastrectomy, or lung
surgery. Precise difficulty prediction of TEA has the advantage of reducing the risk
of complications. The purpose of this study was to identify factor correlated with
TEA performance time under fluoroscopic guidance. From September 2017 to
May 2018, 39 patients who were scheduled to receive TEA under fluoroscopic
guidance for postoperative pain control were enrolled for this study. All thoracic
epidural catheterization was performed by one physician who had more than 5
years of experience in spine intervention. TEA was performed one day before the
elective surgery in the outpatient pain clinic. Body mass index (BMI) was found to
be a factor associated with TEA procedure time. Correlation coefficients of procedure time with age, height, weight and BMI were 0.099, -0.129, 0.346, and 0.575,
respectively. BMI needs to be considered as one factor that affects the difficulty of
TEA.
Keywords: Age, Body mass index, Performance time, Thoracic epidural anesthesia

Introduction
Thoracic epidural anesthesia (TEA) is a widely accepted method for major
thoracoabdominal surgeries such as hepatic resection, thoracotomy, and gastrectomy. Continuous epidural blockade using insertion of the epidural catheter provides excellent intraoperative and postoperative pain control [1-6]. In
addition, a recent meta-analysis has suggested that TEA can decrease postoperative cardiac morbidity and mortality [7].
The spinous process of thoracic spine is longer than other vertebrae. It covers
the midpoint of the vertebral lamina one level below. The thoracic spinal interlaminar space is very narrow and limited. Such anatomical difference provides
technical difficulty to approach the thoracic region compared to the lumbar or
cervical region. Traumatic placement of a needle during a neuraxial blockade
has been related to many complications including postdural puncture headache, trauma to adjacent neural structure and even spinal hematoma, causing
permanent neurologic deficit [8-11].
Precise prediction of difficulty of TEA can reduce the risk of complications.
Anesthesiologists should consider other technical options if TEA is expected to
be difficult [11].
Previous studies have identified factors associated with difficulty of epidural
catheter placement, including age, gender, body mass index (BMI), and spine
deformities [2,12-14], however, no definite factors have yet been identified.
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Kula et al. [15] have used the number of attempts, epidural
placement time, and the number of needle redirection to predict “difficulty” of neuraxial technique. They concluded that
epidural failure rate was best predicted by BMI [15].
All above studies were performed blindly under the guidance of anatomical landmark palpation [2,12-15]. However,
fluoroscopy is widely used in various pain procedure recently.
It provides many advantages including detecting intravascular
or intrathecal injection immediately by contrast medium injection. Therefore, different patient factors such as age, gender, height, weight, and BMI could result in difference in outcome if we use fluoroscopy.
The purpose of this study was to identify whether age, gender, height, weight, and BMI as patient factors would correlate
with TEA performance time under fluoroscopy guidance.

Materials and Methods
This study was approved by the Institutional Review Board
(IRB ref No: 2017-07-030). Patients were fully explained
about the benefits and risks of this study and epidural consent
forms were obtained from all patients. From September 2017
to May 2018, 39 patients who were scheduled to undergo
elective hepatobiliary resection, pulmonary wedge resection,
gastrectomy and esophagectomy due to cancer of liver, lung,
stomach and esophagus were enrolled. Patients’ individual
data such as age, height, weight, and BMI were asked and recorded. BMI was calculated as weight divided by the square of
height (kg/m2). Patients with the following conditions were
excluded; allergic reactions to local anesthetics or contrast
agents, coagulopathies, history of spinal infections, and previous thoracic spine surgery.
All TEAs were performed by one physician who had more
than 5 years of experience in spine intervention. TEA was
performed one day before the elective surgery in the outpatient pain clinic.
Patients were laid on the fluoroscopy table with prone position. Anteroposterior (AP) view was obtained to verify the interlaminar area of 10th or 11th thoracic vertebra. The needle
entry point was thoroughly sterilized with povidone iodide
and 1% lidocaine was injected locally into the needle entry
point. An 18-gauge Tuohy needle of epidural catheter set (Arrow FlexTip PlusTM, Arrow International, USA) was slowly
inserted into the 10th or 11th interlaminar space. The epidural space was found by using loss-of-resistance technique when
the needle approached the targeted spinolaminar line. Once
the loss-of-resistance was felt, 2 ml of contrast medium was
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injected to verify the thoracic epidural space in AP and lateral
views. If needle reinsertion was required during the procedure, the procedure mentioned above was repeated. After the
epidural space was confirmed using contrast medium, an epidural catheter was carefully inserted through the Tuohy needle and advanced into the cranial direction up to thoracic
spine 7-8 level. A small amount of contrast medium was injected to pass through the catheter before inserting through
the Touhy needle to improve visualization of the location of
catheter. The performance time was defined as the interval
from the time of 1% lidocaine injection to the time of completing the catheter insertion after confirming the epidural
space. It was measured by another physician who was blinded
to the patient’s demographic data using a stop watch. The epidural catheter was sutured with nylon 5-0 around the skin
and fixed firmly with an adhesive plater. Patients who completed this procedure were sent to their hospital rooms.
In this study, the effect size for multiple regression analysis
was set as 0.35 with an α error of 0.05, a β error of 0.2, two
sided test, the number of predictors of 5. The final sample size
was 43.
All statistical analyses were performed with SPSS version
21.0 (IBM Corp., USA). Data on age, height, BMI, needle entry level were analyzed by Pearson’s correlation analysis and
multiple regression analysis. Statistical significance was set at
p < 0.05.

Results
Mean age, height, weight, BMI, and performance time of the
39 subjects were 64.1 years, 160.7 cm, 62.5 kg, 24.1 kg/m2, and
261 seconds, respectively. Regarding gender distribution of subjects, there were 23 (59%) men and 16 (41%) women (Table 1).
Among various cancers enrolled in this study, patients with
stomach cancer were the most common (41.0%) (Table 2).
Correlation coefficients of performance time with age,
height, weight, and BMI were 0.099, -0.129, 0.346 and 0.575,
Table 1. Patient demographics and procedure data
Variables
Age (years)
Gender (male/female)
Height (cm)
Weight (kg)
BMI (kg/m2)
Performance time (sec)

Mean ± SD
64.1 ± 11.2
23 (59%)/16 (41%)
160.7 ± 9.1
62.5 ± 11.0
24.1 ± 3.2
261 (223-368)

BMI, body mass index.
http://www.e-kmj.org
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respectively (Table 3). Multiple regression analysis was performed to determine whether age, gender, height, and BMI
affected performance time. The non-standardized beta value
of BMI was 0.032 (p < 0.05) (Table 4).
Data of performance time according to BMI showed a positive linear relationship in scatter plot (Fig. 1).

Discussion
In this study, performance time increased significantly as
BMI increased. BMI also showed positive linear correlation
with the performance time.
This study showed that BMI was associated with the procedure time. performance time was used as a variable that represented difficulty of TEA.
This was based on other previous studies which demonstrated that performance time increased as difficulty of the
procedure increased [15].
During the design of this study, we expected that the effect
Table 2. Type of disease
N (%)
10 (25.6%)
11 (28.2%)
16 (41.0%)
2 (5.1%)

Table 3. Correlation coefficients between performance time and
independent variables
Variable
Age
Height
Weight
BMI

Cc
0.099
-0.129
0.346
0.575

p-Value
> 0.05
> 0.05
< 0.05
< 0.05

3.20

BMI, body mass index; Cc, correlation coefficient.

Table 4. Results of multiple regression analysis between procedure
time and independent variables
Variable
(Constant)
Gender
Age
Height
Weight
BMI

Beta
2.624
-0.055
0
-0.005
-0.003
0.032

SB
-0.152
-0.03
-0.262
-0.325
0.555

Performance time
t
p
2.037 < 0.05
-0.552 > 0.05
-0.157 > 0.05
-0.859 > 0.05
-0.752 > 0.05
3.888 < 0.05

VIF

DW
2.112

3.974
1.926
4.884
3.725
1.072

BMI, body mass index; DW, Durbin-Watson value; SB, standardized beta
coefficient; VIF, variance inflation factor.
http://www.e-kmj.org

log (performance time)

Disease
Hepatoma
Lung Cancer
Gastric Cancer
Esophagus Cancer

of BMI and age would be minimized compared to blind technique due to clear identification of bony landmark by using
fluoroscopy. However, increased BMI was associated with the
performance time in both cases of fluoroscopy guidance and
blind technique under anatomical landmark palpation.
McCormick et al. [16] compared total fluoroscopy time
during lumbar epidural steroid injection among patients with
normal, overweight and obese BMI. They concluded that fluoroscopy time was increased during interlaminar epidural injections and during L5-S1 transforaminal injections in patients who are obese. These relationships were not affected by
injection number, performance of bilateral injections, or
trainee involvement.
Increased depth of epidural space due to obesity might lead
to poor image of bony landmark of fluoroscopy, thus enhancing technical difficulties for needle orientation ultimately.
BMI has also been suggested as a weak factor for difficulty of
neuraxial block in previous studies [9,10]. Obesity was also associated with difficulty and failure of neuraxial blockade [15].
Weight was also shown as a correlating factor in the present
study. It was considered as a confounding factor in this study.
It is likely due to the fact that the formula for calculating BMI
includes weight. Therefore, weight and BMI correlated with
each other.
In this study, BMI was significantly associated with TEA performance time under fluoroscopy. It can be thought that BMI is
one of factors that influence the distance from skin to subarachnoid or epidural space. This is supported by previous re-

3.00
2.80
2.60
2.40
2.20
2.00
18.0

20.0

22.0

24.0

26.0

28.0

30.0

32.0

BMI

Fig. 1. Scatter plot between BMI and performance time. When
performance time according to BMI was presented as scatter
plot, it shows a positive linear relationship (correlation coefficient
= 0.575). BMI: body mass index.
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ports demonstrating clear association between the depth of
epidural space and BMI [17-19]. Kim et al. [12] have shown
that the distance from skin to subarachnoid or epidural space is
associated with difficulty in performing a neuraxial blockade.
Younger age is also associated with first puncture success
[2]. It is expected that less spine deformity or degenerative
change of spine will be encountered in younger patients compared to older patients. This difference of spinal anatomy according to age group could contribute to difficulty of epidural
or spinal procedure. However, in this study, age did not show
any correlation with TEA performance time under fluoroscopy. All patients enrolled in this study were old aged patients of
cancer mostly. Therefore, the uneven age distribution of this
study might have led to a different result. Since this study was
performed in various cancer patients, patients with younger
age were rare compared to older ages.
This study has several differences compared to other previous studies. Kim et al. [12] considered a provider factor (performer’s level of experience) as well as patient factors. In this
study, the provider factor was ruled out by having only one
performer for the procedure.
Additionally, the quality of lumbar spine anatomical landmarks was considered in previous studies [2,12]. However, in
this study, all TEAs were performed under fluoroscopic
guidance which made finding the anatomical landmark unnecessary.
We selected lower thoracic level (T10-T11) instead of middle thoracic level to insert epidural catheter. The selection of
lower thoracic level was performed based on the result of previous study. The epidurography which was performed at lower thoracic level showed mean spread of 7-8 segment after injection of 2.5 ml of contrast medium. In addition, most of
epidurography done at lower thoracic level demonstrated
dominant cephalad spread and its spread reached up to T3-4
level [20-22]. This epidurography study means that epidural
catheterization which was performed at lower thoracic level is
enough for the sensory block during intra- and postoperative
period. We experienced severe patient discomfort and suffering due to multiple needling at middle thoracic level.
This study has several limitations. First, the number of patients was not enough to meet the final sample size calculated
previously. We had some difficulties enrolling TEA patients.
In spite of full explanation of the benefit of thoracic epidural
analgesia, quite many patients refused to be enrolled due to
the fear of needling to thoracic spine. Second, the age distribution of this study was uneven. Most patients were flocked
to old age group. Therefore, it has some limitation to apply re36
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sults of this study to the whole age group. Third, the level of
experience of physician’s assistant who operated the fluoroscopy device was not consistent. Therefore, variable level of
experience might have affected the result. However, this effect
of variable experience level of physician’s assistant would be
minimal compared to experience level of TEA performer. In
this study, we only had one TEA performer.
In conclusion, this study showed that BMI had positive correlation with difficulty of TEA under fluoroscopy guidance.
Therefore, physicians should consider BMI when evaluating
difficulty of TEA to minimize performance time and the occurrence of complications.
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Human papilloma virus (HPV) infection had been suspected of harmful effect on
reproduction by increasing blastocyst apoptosis and reducing the endometrial implantation of trophoblastic cells. However, the available evidence is conflicting concerning the impact of HPV in female reproductive system on the outcome of in-vitro fertilization (IVF) The aim of study was to evaluate IVF outcomes regarding the
cervical HPV infection. Retrospective case-control study conducted in women suffered IVF cycle. All women were evaluated the HPV infection using PCR by cervical swap before the initiation of IVF cycle. One hundred thirty six cycles were evaluated. The harvested oocytes number, top quality embryo number, fertilization
rate, implantation rate, clinical pregnancy rate, live birth rate and miscarriage rate
were analyzed depend on HPV infection. Mean age of enrolled women was
35.20±4.79 years-old, mean parity was 0.17±0.57, and mean number of miscarriage
was 0.81±1.49. Basal FSH was 5.42±2.59 IU/L and AMH level was 5.07±11.01 ng/
mL, which was not different between two groups. Mean harvested oocytes was
6.36±4.32 in HPV infected women compared with 8.63±5.95 in women without
infection, statistically insignificant. Top quality embryos of each group were not
different (2.67±0.82, 2.53±1.53 separately). In women with HPV infection, ongoing
pregnancy rate (27.3%) and live birth rate (18.2%) were similar with women without infection (23.7%, 14.0%). And also, fertilization rate and implantation rate were
similar. Miscarriage rate of each group was 33.3%, and 40.7%, which was statistically insignificant. The HPV infection in women did not make the adverse influence
on IVF outcomes.
Keywords: Clinical pregnancy rate, Human papilloma virus, In-vitro fertilization,
Live birth rate, Miscarriage rate
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Human papilloma virus (HPV) is a common sexually transmitted virus responsible for the formation of warts, cervical intraepithelial neoplasia, and cervical cancer. Recent studies propose HPV infection is related with infertility,
sperm dysfunction and the outcome of the assisted reproductive technology
[1]. Viral infection in men may lead to bad sperm quality such as asthenozoospermia, increased sperm DNA fragmentation, increased sperm aneuploidy,
and increased rates of antisperm antibodies [1,2]. HPV is attached to the spermatozoa in two distinct sites along the equatorial region of the spermatozoon’s
head, which is the site of the spermatozoa that binds and subsequently fuses
with the plasma membrane of the oocyte [2]. Infected spermatozoa could be a
vector for HPV transmission into fertilized oocytes and the infected zygote is
able to perpetuate the viral genome expression at blastocyst stage and subsehttp://www.e-kmj.org
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quently in trophoblastic cells [3]. When semen was infected
with HPV in the cycle of intrauterine insemination (IUI) or
in vitro fertilization (IVF), clinical pregnancy rate was decreased [4,5]. Moreover, an increased risk of pregnancy loss
and preterm delivery was reported in HPV infected male
partners [4,6].
Even though HPV is common in both men and women and
also highly contagious between sexual partners, most studies
about infertility, miscarriage and preterm birth were conducted regarding to male infection. Recently, Moragianni et al. reported female genital tract infection may contribute to infertility [7]. However, there were some reports that HPV infection in women did not influence the outcomes of assisted reproductive technology [6,8]. Contrary to HPV infection in
men, the effect of HPV infection in women is still controversial and inadequate to draw the conclusions. The aim of this
study is to evaluate the influence of HPV infection by cervical
swap on IVF outcomes and also evaluate the miscarriage rate
and preterm birth rate regarding to cervical HPV infections.

Materials and Methods
Retrospective case-control study was conducted in women
suffered IVF cycle at infertility clinic in Keimyung university
hospital between January 2012 to April 2018. Among the five
hundred twenty three IVF cycles, we enrolled 136 cases in
which cervical swaps were taken within 3 months before the
initiation of IVF cycle. All samples were tested for HPV DNA
using PCR according to the manufacture’s recommendation.
Genotyping of HPV was also evaluated such as HPV high risk
type 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68,
69, 73, 82 and low risk type 6, 11, 40, 42, 43, 44, 54, 61, 70.
Controlled ovarian hyperstimulation (COH) was initiated
with daily injection of recombinant FSH 225-300 IU from day
3 of the menstrual cycle after pituitary desensitization with
GnRH agonist 0.2cc from the previous menstrual mid-luteal
phase. Human chorionic gonadotropin 10,000 U was injected
when the largest follicular size was reached over 18mm. Oocyte retrieval was performed via the transvaginal approach
with sonographic guidance 35 hours after hCG administration. All harvested oocytes were fertilized with swim-up
sperm and cultured in the incubator. Two to three cleavage
embryos were transferred into the uterine cavity by Korean
Guideline. Luteal support was performed by progesterone.
After 14 days later from embryo transfer, β-hCG was checked
for confirming the pregnancy.
Depending on HPV infection, the harvested oocytes numhttp://www.e-kmj.org

ber, top quality embryo number, fertilization rate, implantation rate, clinical pregnancy rate, live birth rate and miscarriage rate were analyzed. Statistical analysis were performed
by Mann-Whitney test, Fisher’s exact test, Pearson’s chisquare test with SPSS 12.0. A p-value ≤ 0.05 was considered
statistically significant.

Results
One hundred thirty six cycles were evaluated. The Mean
age of enrolled women was 35.20 ± 4.79 years old, mean parity was 0.17 ± 0.57, and mean number of miscarriage was
0.81 ± 1.49. By the cervical swap before IVF cycle, HPV infection was found 11 cases out of 136 cycles (8.08%). Genotyping of HPV in infected cases were 6 cases of high risk type
(16, 18, 53, 52, 56, and 59), 2 cases of low risk type (11, and
coinfection of 44 and 61), and 3 cases of mixed infection (16,
31 and 54, 16 and 6, 51 and 54). The clinical and biological
characteristics of women with HPV infection were compared
with those of women without HPV infection. Mean age, parity and miscarriage were not different between two groups
(Table 1). Depending on the HPV infection, basal FSH levels
(6.23 ± 2.73 vs. 5.34 ± 2.58 mIU/ml), basal estradiol levels
(70.50 ± 12.82 vs. 75.17 ± 39.54 pg/ml) or AMH (4.06 ±
4.72 vs. 5.18 ± 11.51 ng/ml) were not different either.
After controlled ovarian hyperstimulation cycles, no statistically significant difference was found in COH parameters
between HPV infected and non-infected women (Table 2).
Total dose of Gonadotropin in each groups was 2725.00 ±
773.22 IU and 3118.85 ± 681.96IU in HPV positive and HPV
negative women, respectively (p-Value = 0.09). Mean harvested oocytes in women with HPV infection was 6.36 ±
4.32, similar with 8.63 ± 5.95 in women without HPV infection (p-Value = 0.26). Fertilization rate was not different between two groups (33 out of 70 eggs (47.1%) vs. 523 out of
1053 eggs (49.7%), p-Value = 0.54). In women with HPV inTable 1. Demographic data of enrolled women
Age
Parity
Miscarriage
Basal FSH (mIU/ml)
Basal E2 (pg/ml)
AMH (ng/ml)

HPV +
34.00± 4.41
0.18± 0.60
0.55± 0.93
6.23± 2.73
70.50± 12.82
4.06± 4.72

HPV 35.30± 4.84
0.17± 0.56
0.83± 1.53
5.34± 2.58
75.17± 39.54
5.18± 11.51

p-Value
0.34
0.88
0.49
0.26
0.74
0.76

AMH, antimullerian hormone; FSH, follicle stimulating hormone; E2,
estradiol; HPV, human papilloma virus
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Table 2. Characteristics of controlled ovarian hyperstimulation and IVF cycles in women with HPV infection compared without HPV infection
Gonadotropin (total dose, IU)
Oocytes retrieved (n)
Embryos obtained (n)
Fertilization rate
Top quality embryos obtained (n)
Embryos transferred (n)

HPV +
2725.00± 773.22
6.36± 4.32
3.0± 1.95
33/70 (47.1%)
2.67± 0.82
2.18± 0.75

HPV 3118.85± 681.96
8.63± 5.95
4.29± 3.25
523/1053 (49.7%)
2.53± 1.53
2.11± 0.86

p-Value
0.09
0.26
0.09
0.54
0.58
0.96

HPV 35/264 (13.3%)
27/125 (21.6%)
27/114 (23.7%)
16/125 (12.8%)
16/114 (14.0%)
11/27 (40.7%)

p-Value
0.48
0.45
0.52
0.44
0.49
0.26

Table 3. IVF outcomes of patients with HPV infection and without HPV infection
Implantation rate
Clinical pregnancy rate per cycle
CPR per transfer cycle
Live birth rate per cycle
LBR per transfer cycle
Miscarriage rate

HPV +
4/24 (16.7%)
3/11 (27.3%)
3/11 (27.3%)
2.11 (18.2%)
2/11 (18.2%)
1/3 (33.3%)

fection, mean number of fertilized embryos (3.0 ± 1.95) and
top quality embryos (2.67 ± 0.82) were not deteriorated compared with those of women without HPV infection (4.29 ±
3.25, 2.53 ± 1.53, respectively).
HPV infected and non-infected women had similar implantation rates (16.7% vs. 13.3%, p = 0.48), clinical pregnancy
rates (27.3% vs. 21.6%, p = 0.45) and live birth rates (18.2% vs.
12.8%, p = 0.44). Considering only the transferred cycles, clinical pregnancy rates and live birth rates were not statistically
different between two groups (Table 3). Miscarriage rate was
found as 33.3% in women with HPV infection, which was not
increased compared with non-infected women.

Discussion
Human papilloma virus (HPV) is one of the common sexual transmitted pathogens and is believed as a responsible factor for both male and female cancer development. Nowadays,
evidence about HPV infection in human reproduction impairment and infertility is emerging. Sexually transmitted infections (STI) such as Chlamydia trachomatis, and Neisseria
gonorrhea has been widely believed to cause infertility by
tubal obstruction, pelvic inflammatory disease and adhesions
[9]. As the bacterial infection, viral STIs including human immunodeficiency virus (HIV), cytomegalovirus (CMV), herpes virus (HSV), and HPV may also be associated with human fertility [8]. Nielson et al. [10] tested HPV infection at
40

the glans, penile shaft, scrotum, urethra, perianal area, anal
canal, and in a semen sample, and reported that 51.2% of men
were positive for at least one oncogenic or non-oncogenic
HPV type from any sampling site. Although the penile shaft
was the site most likely to be HPV positive, HPV were positive 5.3% in the semen samples. In the meta analysis, the
prevalence of HPV infection in semen is 16% (95% CI: 1023%) in men affected by unexplained infertility, more common than 10% (95% CI: 7-14%) in general male population
[11]. HPV infected semen could be associated with an impairment of sperm parameters especially a reduction of sperm
motility. And also, infected sperm is able to penetrate the oocyte, to deliver HPV genome in the oocyte and to increase the
risk of pregnancy loss [2]. In vivo study, cumulative pregnancy rates after IUI and ICSI treatments showed significantly
lower in HPV infected couples compared with non-infected
couples, and also miscarriage rates were higher in HPV infected couples [4-6]. Hermonat et al. [12] reported that spontaneous miscarriage products were more prevalent (60%) for
HPV-DNA sequences compared to elective aborted products
(20%). Although confounding contamination from the cervix
and vagina could not be ruled out, these data suggest that
HPV infection might be related with early pregnancy losses.
Although current evidence regarding HPV infection in semen to negative effect on semen parameters and reproductive
outcomes has been accumulated, the impact of HPV on female fertility has not been thoroughly studied. There is a lack
http://www.e-kmj.org
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of studies on HPV effects in female fertility parameters such
as hormonal balance or oocyte production [13]. Furthermore,
there is an ongoing debate whether HPV in female reproductive system alters the efficacy of assisted reproductive technologies or pregnancy outcomes. In this study, basal FSH, estradiol and AMH levels were not different whether the HPV infection on cervix was or not. We found that mean harvested
oocytes, mean number of fertilized embryos, or top quality
embryos was not different in women with HPV infection.
Fertilization rate was not different either between two groups.
We believed women with HPV infection was not influenced
on hormonal balance or oocyte/embryo production.
In vitro study using extravillous trophoblast cells transfected with plasmid harboring HPV16 genome, rates of apoptosis
were 3-6 fold greater in transfected cells than in non-transfected cells. And also, invasion of transfected cells through
extracellular matrices was 25-58% lower than that of the controls [14]. Spandorfer et al. [15] reported that women with
HPV infection had a lower pregnancy rate (23.5%) compared
to women without HPV infection (57.0%) even though no
difference was found in the number of oocytes retrieved,
number of embryos transferred, embryo quality. However,
meta-analysis showed no significant difference between
HPV-infected and non-infected women in rates of live birth/
ongoing pregnancy, clinical pregnancy, or miscarriage [6].
Our study is also consistent with that study, which means that
implantation rate, clinical pregnancy rate and live birth rate
are similar regardless of HPV infection on cervix. The studies
about the relation between HPV infection in female reproductive system and spontaneous abortions or premature rupture of membranes after IVF are still conflicting [6,13,16].
Our study showed miscarriage rate was not increased even in
women with HPV infection.
Recently, Jaworek et al. [8] reported that HPV prevalence
was significantly higher in oocyte donors than in women
treated for infertility, and women who became pregnant spontaneously than women treated with IVF. Our study is consistent with previous study. In this study, cervical HPV infection
was found only in 8.08% of women, much less prevalent than
general population. It made the sample size of study group
was getting smaller than we expected. That is one of the limitation of this study. Like for the risk of carcinogenesis, some
genotype of HPV might be related with the risk of fertility alteration [13]. With the limited number of cases, we could not
investigate it. Further large scale and deep investigations
should be considered. Vaccination of both genders against
HPV can reduce the prevalence of HPV infection, the study
http://www.e-kmj.org

will be needed in the future whether the vaccination eliminate
its implications on human fertility or not [1].
To our acknowledgement, this is the first study in Korean
women regarding the relation of cervical HPV infection and
reproductive outcomes after IVF. In this study, HPV infection
on cervix may not make the negative impact on IVF outcomes. Considering the studies about the HPV effect on female fertility are still lack, we believe further researches are
needed.
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This study aimed to evaluate the relationship of sweet taste perception with overweight and obesity among workers in some industrial areas. Participants were 63
workers (mean age: 57.8±7.8 years), who were divided into three subgroups based
on sweet taste evaluation using a sweet taste assessment tool provided by Ministry
of Food and Drug Safety: unsweet group (n=25), medium sweet group (n=27), and
sweet group (n=11). There was no significant difference in body mass index (BMI),
and any work-related variables among the three groups; however, the difference between subjective perception and objective perception for sweet tastes is statistically
different. We also found slight or fair agreement between subjective and objective
sweet taste perception of the subjects (weighted kappa value 0.34~0.43). The present study provided measuring objective sweet taste perception may be useful for
assessing the risk of high sugar consumption and for improving undesirable dietary
behaviors, and management of non-communicable disease among workers.
Keywords: Obesity, Taste perception

Introduction
국제보건기구에서는 비전염성질환을 예방하기 위해 유리당 섭취는 총 섭취 에너지
의 10% 이하로 낮출 것을 권고한다[1]. 우리나라는 다른 OECD 국가에 비해 당 섭취
율이나 비만율은 낮지만, 당류 섭취와 비만율은 빠르게 증가하고 있다. 2018년 국민
2020 Keimyung University School of Medicine

건강영양조사 결과 1세 이상 하루 평균 당류 섭취량은 60.2g이었고, 30세 이상 인구
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중에서 체질량지수(body mass index, BMI) 25 이상 비만율은 36.9%, 이들의 체중감
량 시도율은 58.6%에 달하였다[2].
비만의 주요 원인은 에너지의 과다 섭취와 활동량의 감소이다. 현대인의 에너지 과
다 섭취는 패스트푸드나 소프트 드링크, 커피와 같은 음료 섭취 증가에 기인하는 바
가 크다. 비만은 정상 체중에 비해 전체 사망률 증가, 고혈압, 이상지질혈증, 당뇨병,

http://www.e-kmj.org
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허혈성심장병, 뇌졸중, 골관절염, 암, 수면무호흡증 등의 다양한 질

편’, ‘매우 달게 먹는 편’ 5단계 척도로 분류하였고, 각각 1~5점까

병과 관련이 있다[3,4]. 특히 가당 음료의 섭취는 당뇨병, 대사증후

지 점수화하여 점수가 높을수록 달게 먹는 것으로 평가하였다. 이

군, 심혈관질환의 발생과 관련이 있으며, 비만과 지방간의 역학에

연구에서는 주관적인 단맛 인지와 선호도를 각각 세 군으로 구분하

중요한 역할을 하는 것으로 알려져 있다[5].

여 달지 않다(전혀 달지 않다, 달지 않다), 보통이다, 달다(달다, 매

이에 2016년 4월 식품의약품안전처는 2007년부터 2013년까지

우 달다) 및 싫다(매우 싫다, 싫다), 보통이다, 좋다(좋다, 매우 좋

국민건강영양조사 결과를 바탕으로 지속적으로 증가하는 국민의

다) 로 하였다. 미각판정결과도 ‘달지 않게 먹는 편’(‘전혀 달지 않

당 섭취를 낮추기 위해 당류 저감 종합계획을 발표하였다. 또한 우

게 먹는 편’, ‘달지 않게 먹는 편’), ‘보통으로 먹는 편’, ‘달게 먹는

리나라에서 지속적으로 발생과 사망률이 증가하는 심뇌혈관질환

편’ (‘달게 먹는 편’, ‘매우 달게 먹는 편’)으로 다시 세 군으로 구분

을 예방하고 그로 인한 사회적 부담을 줄이기 위해 심뇌혈관질환법

하였다. 직업건강설문지는 미각 판정프로그램을 이용하기 전에 간

이 2017년 5월부터 시행되었다.

호사가 면담을 통해 조사하였다. 업종은 제조업, 서비스업, 기타로

단맛은 기본 맛 중에서도 인간의 본능적인 선호가 가장 높은 맛

구분하였고, 근무형태는 정규직과 비정규직으로 나누었다. 교대근

중의 하나이며, 단맛에 대한 선호는 매우 보편적이며[6,7], 단맛을

무 여부는 정상과 교대근무, 사업장의 규모는 상시근로자 30인 미

선호하는 식습관은 가족력, 환경과 관련되어[8] 바꾸기 어렵기 때

만, 30-99인, 100인 이상으로 구분하였다. 자료분석은 SPSS (Sta-

문에 의식적으로 인지하고 실천하는 식생활 개선이 중요하다. 당류

tistical Package for the Social Sciences) 버전 25.0 및 MedCalc 통

섭취를 적게 실천하기 위해서는 단맛에 대한 인지도를 먼저 파악해

계 프로그램을 활용하여 통계처리 하였으며 모든 분석에 대한 유의

야 한다. 사람마다 달게 먹는지에 대한 주관적 평가는 실제와 차이

수준은 p < 0.05로 하였다.평균 및 비율 비교에는 카이제곱 검정과

가 있기 때문이다. 우리나라 근로자들은 장시간 근무, 과다 업무로

일원분산분석을, 일치도는 코헨의 가중 카파값을 사용하였다. 이

인한 스트레스, 잦은 회식과 외식, 운동부족 등으로 비만이나 만성

연구는 계명대학교 동산병원 의학연구윤리심의위원회의 승인을

질환의 발생 위험이 높다[9,10]. 고혈압이나 당뇨병을 예방하기 위

받았다(IRB No. 2020-05-023).

해 정기적으로 추적하는 근로자들을 대상으로 미각판정도구를 이
용하여 단맛 섭취 정도를 객관화 하여 인지도를 파악하고, 직업력
과 비만과의 관련성을 평가하여 스스로의 식습관을 인지하고 관리
하는데 도움을 주고자 하였다.

Results
대상자의 일반적인 특성을 살펴보면, 여성이 47명(74.6%)으로
남성보다 많으며, 연령군은 50대 이상이 53명(84.1%)을 차지하였

Materials and Methods

고, 비만군은 14 명( 22 . 2 %)이었다. 업종은 서비스업이 42 명
(66.7%), 근무형태는 정규직이 41명(65.16%), 비교대근무자는 57

2019년 4월부터 8월까지 지역 산업보건센터의 분소를 내방하는
근로자 63명을 대상으로 직업건강설문조사 및 단맛 미각판정 검사

명(90.5%), 사업장 규모는 30인 미만이 34명(54.0%)으로 많았다.

를 하였다. 체지방 측정은 생체전기임피던스 분석에 많이 이용되는

(39.7%), 27명(42.9%), 11명(17.5%)로 ‘달게 먹는 편’이 적었다. 단

Inbody 520(Biospace Co., Seoul, Korea)을 사용하였다. 비만도는
체질량지수(body mass index, BMI= 체중(kg)/[신장(m)]2)를 이용

맛 미각 판정과 성, 연령, 당뇨병 질환력, 업종, 근무형태, 교대근

하였으며, 비만의 기준은 아태지역 권고 기준에 따라 저체중은

주관적인 단맛 인지에 대한 미각판정결과 ‘달지 않게 먹는 편’인

BMI 18.5 미만, 정상 18.5 이상 23 미만, 과체중 23 이상 25 미만,
비만은 25 이상을 기준으로 분류하였다[11]. 단맛 인지도 판정은

보통이다, 달다, 매우 달다)와 단맛에 대한 선호도(매우 싫다, 싫다,

25명 중 ‘달지 않다’고 인지한 근로자는 13명 (52.0%)로 가장 많았
고, ‘보통으로 먹는 편‘인 27명 중 ‘보통’으로 인지한 근로자는 14
명(51.9%)이었다. ‘달게 먹는 편’인 11명 중 ‘달다’고 한 근로자는 6
명(54.5%)로 가장 많았다. 주관적인 단맛 인지와 미각판정결과는
차이가 있었으며 통계적으로 유의하게 나타났다(p-Value=0.003).
단맛 선호도에 대한 미각판정결과 ‘달지 않게 먹는 편’인 25명 중
‘싫다’ 고 응답한 근로자는 12명(48.0%)로 가장 많았고, ‘보통으로
먹는 편’인 27명 중 ‘보통’으로 선호한 근로자는 12명(44.4%)이었
다. ‘달게 먹는 편’인 11명 중 ‘좋다’고 응답한 근로자는 8명(72.7%)

약간 싫다, 보통이다, 약간 좋다, 좋다, 매우 좋다)에 대한 선택을

로 가장 많았다. 단맛 선호도와 미각판정결과는 차이가 있었으며

바탕으로 결과를 판정하였다. 단맛 미각판정결과는 ‘전혀 달지 않

통계적으로 유의하게 나타났다(p-Value=0.002). 주관적인 단맛 인

게 먹는 편’, ‘달지 않게 먹는 편’, ‘보통으로 먹는 편’, ‘달게 먹는

지 및 단맛 선호도에서 달게 먹거나 단맛을 좋아한다고 응답했으나

단맛 미각판정프로그램을 이용하였으며, 단맛 시료는 식품의약품
안전처에서 제공된 것을 사용하였다[12]. 이 프로그램은 평상시 단
맛 인지도와 선호도를 평가한 후 단맛 농도가 다른 5단계(0, 2.5, 5,

10, 20%) 시료의 주어진 순서에 따라서 느끼는 단맛 인지 정도와
단맛 선호도로 구성되어 있다. 단맛 인지 정도는 시료의 각 단계에
서 주관적으로 느끼는 단맛 인지 정도(전혀 달지 않다, 달지 않다,

44

단맛 미각판정결과 ‘달지 않게’, ‘보통’, ‘달게 먹는 편’은 각각 25명

무, 사업장규모에 따른 통계적으로 유의한 차이는 없었다(Table 1).
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Table 1. General and occupational characteristics of subjects by sweet taste perception
Variables
Gender
Male
Female
Age (years)
< 50
50~59
≥ 60
Diabetes mellitus
No
Yes
BMI (kg/m2)*
< 23
23~24.9
≥ 25
Title of industry
Manufacturing
Services
Others
Employment status
Regular
Temporary
Shiftwork
No
Yes
Company size (number of workers)
< 30
30~99
≥ 100

Unsweet †
(n = 25)

Medium sweet ‡
(n= 27)

Sweet §
(n= 11)

p-Value
0.239

5 (20.0)
20 (80.0)

6 (22.2)
21 (77.8)

5 (45.5)
6 (54.5)

7 (28.0)
10 (40.0)
8 (32.0)

2 (7.4)
14 (51.9)
11 (40.7)

1 (9.1)
7 (63.6)
3 (27.3)

22 (88.0)
3 (12.0)

23 (85.2)
4 (14.8)

10 (90.9)
1 (9.1)

0.258

0.861

0.759
14 (56.0)
7 (28.0)
4 (16.0)

12 (44.4)
7 (25.9)
8 (29.6)

5 (45.5)
4 (36.4)
2 (18.2)
0.797

6 (24.0)
17 (68.0)
2 (8.0)

9 (33.3)
17 (63.0)
1 (3.7)

3 (27.3)
8 (72.7)
0 (0.0)
0.283

17 (68.0)
8 (32.0)

15 (55.6)
12 (44.4)

9 (81.8)
2 (18.2)

23 (92.0)
2 (8.0)

23 (85.2)
4 (14.8)

11 (100)
0 (0)

16 (64.0)
4 (16.0)
5 (20.0)

19 (70.4)
3 (11.1)
5 (18.5)

9 (81.8)
2 (18.2)
0 (0.0)

0.350

0.585

Data are shown as number (%). Compared using X2-test. *BMI, body mass index. †Tend to eat unsweet by the sweet taste assessment. ‡Tend to eat
medium sweet by the sweet taste assessment. §Tend to eat sweet by the sweet taste assessment.

Table 2. Subjective taste perception and sweet taste preference by sweet taste perception
Variables
Subjective sweet taste perception (n = 63)
Tend to eat unsweet
Tend to eat medium sweet
Tend to eat sweet
Sweet taste preference (n = 63)
Dislike
Medium
Like

Unsweet †
(n = 25)

Medium sweet ‡
(n = 27)

Sweet §
(n = 11)

p-Value
0.003

13 (52.0)
9 (36.0)
3 (12.0)

3 (11.1)
14 (51.9)
10 (37.0)

1 (9.1)
4 (36.4)
6 (54.5)
0.002

12 (48.0)
9 (36.0)
4 (16.0)

2 (7.4)
12 (44.4)
13 (48.1)

1 (9.1)
2 (18.2)
8 (72.7)

Data are shown as number (%). Compared using X2-test. †Tend to eat unsweet by the sweet taste assessment. ‡Tend to eat medium sweet by the sweet
taste assessment. §Tend to eat sweet by the sweet taste assessment.
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Table 3. Agreement between subjective sweet taste perception, preference, and sweet taste perception
Variables
Subjective sweet taste perception (n = 63)
Tend to eat unsweet
Tend to eat medium sweet
Tend to eat sweet
Sweet taste preference (n = 63)
Dislike
Medium
Like

Unsweet §
(n = 25)

Medium sweet §§
(n = 27)

13
9
3
12
9
4

Sweet §§§
(n = 11)

3
14
10

Percent agreement

Kappa value*

52.4

0.34†~0.42‡

51.8

0.35†~0.43‡

1
4
6

2
12
13

1
2
8

*Cohen’s weighted kappa. †linear weighted. ‡quadratic weighted. §Tend to eat unsweet by the sweet taste assessment. §§Tend to eat medium sweet by
the sweet taste assessment. §§§Tend to eat sweet by the sweet taste assessment.

미각판정결과에서 달지 않게 먹거나 단맛을 싫어하는 근로자가 각

속되고 그 원인이 되는 생활습관요인 및 선행 질환의 관리는 저조

각 22명(34.9%), 26명(41.3%)로, 그 반대인 경우 8명(12.7%), 5명

한 편이다[15]. 또한 심뇌혈관질환의 기저 질환인 당뇨병의 사망

(8%)에 비해 많았으며, 많은 근로자가 자신이 생각하는 것보다 단

률은 증가하는 추세로 OECD국가와 비교하여 높은 수준이다. 특

맛 인지가 덜한 것으로 나타났다(Table 2).

히 당뇨병으로 이환 가능성이 높은 공복혈당장애 및 비만 유병율

주관적인 단맛 인지, 단맛 선호도와 미각판정결과와의 퍼센트

도 증가 추세인데 당뇨병은 다른 만성질환과 달리 인지율에 비해

일치율은 각각 52.4%, 51.8%였으며, 코헨의 가중 카파값은 각각

치료율이 낮은 질병으로 치료와 함께 생활습관의 적극적인 관리

0.34~0.42, 0.35~0.43로 나타나 어느 정도 일치하는 수준을 보였
다(Table 3).

가 필요하다[2].
혈압이나 혈당을 관리하는 근로자들은 식이조절 및 운동요법에
관심이 많다. 그러나 사업장 규모에 관계없이 근로자들은 만성질환

Discussion

에 노출이 되어 있고, 과식, 육식, 짜게 먹는 습관 등 식사 위험 요
인에 문제가 있으며, 이에 대한 영양관리서비스 요구도가 높다

2019년 4월부터 8월까지 지역 산업보건센터 분소를 내방한 근

[16]. 그렇지만 회사 구내식당이나 위탁급식업체의 식단에 따르거

로자를 대상으로 실시한 주관적인 단맛 인지 및 선호도와 객관적

나, 회사 인근 식당에서 외식을 하는 근로자들은 적절한 영양정보

인 단맛 미각 판정은 차이가 있었으며 어느 정도 일치하는 수준이

를 제공받거나 균형 잡힌 식생활을 통한 영양관리가 어려운 현실이

었고, 직업관련 변수나 비만과의 차이는 나타나지 않았다. 미각

다. 또한 개인의 단맛에 대한 선호도나 식습관은 오랜 기간에 걸쳐

역치는 연령이 증가할수록, 남성이 여성보다 높다[13,14]. 일반적

형성되었기 때문에 바꾸기 쉽지 않고 효율적인 식이조절에 걸림돌

으로 단맛은 젊을수록, 여성에서, 업종별로는 스트레스가 높은 서

이 된다. 주관적인 단맛 인지와 선호도는 객관적인 단맛 미각판정

비스업에서 단맛을 더 선호할 것이라 예상하였으나 결과값은 유

결과와 차이가 있으므로 근로자들의 뇌심혈관질환 예방관리 측면

의하지 않았다. 이것은 연구에 참가한 근로자 평균 연령이 58세이

에서 저당질식이가 필요한 경우 이 차이점을 스스로 인식하고 당류

고, 체질량지수가 30 이상인 고도 비만이 거의 없고 소규모 사업

섭취를 감소시키는 실천이 중요하다. 이러한 실천의 기초 단계에서

장의 근로자들로서 제조업과 서비스업의 경계가 분명하지 않기

미각판정프로그램은 근로자의 단맛에 대한 정확한 인식을 심어 주

때문인 것으로 사료된다. 주관적 단맛 인지, 선호도와 미각판정결

는데 도움이 될 것이다.

과와의 일치도는 0.34~0.43로 어느 정도 일치하는 수준이었으나,

이 연구는 대상자가 적은 단면적 연구이고 분소를 자발적으로

주관적으로 달거나 단맛을 좋아한다고 응답한 근로자가 미각판정

방문한 내방객을 대상으로 하여 결과를 일반화시키기 어렵다. 미각

에서 ‘달지 않게 먹는 ‘편인 비율이 주관적으로 달지 않다거나 단

에 영향을 미치는 유전적 변이, 흡연 여부, 약물복용력을 통제하지

맛을 싫어한다고 응답한 근로자가 미각판정에서 ‘달게 먹는 편’보

못하여 결과의 왜곡가능성이 있다. 그러나 중장년층 근로자를 대상

다 높게 나타나 비만이나 만성병 질환 관리 시 긍정적인 영향을

으로 미각판정프로그램을 적용하여 식습관 개선의 필요성을 관찰

미칠 것으로 예상된다. 그러나 연구 대상자가 당뇨병이 있거나,

한 연구로서 의의가 있다. 당뇨병이나 대사증후군과 같은 만성 비

질병을 예방하는데 관심이 많은 점을 고려하면 선택 오류의 가능

전염성질환을 효과적으로 예방관리하기 위해 식습관 환경이 개선

성도 배제할 수 없다.

되어야 하며, 당류 저감 식품을 선택하기 위한 정보 제공 등을 통해

근래 우리나라 사망원인통계에서 심장질환의 사망률 증가는 지
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로그램을 사용하여 주관적인 단맛 인지, 선호도와 객관적인 단맛

6. Desor JA, Beauchamp GK. Longitudinal changes in sweet pref-

미각 인지를 조사하였다. 주관적인 단맛 인지 및 선호도와 객관적

be damned! pour on the sugar. Diabetes Care. 2014;37:950-6.
erences in humans. Physiol Behav. 1987;39:639-41.

인 단맛 미각 인지도는 통계적으로 유의한 차이가 있었으며, 어느

7. Mennella JA, Lukasewycz LD, Griffith JW, Beauchamp GK.

정도 일치하는 수준이었으나 직업관련 변수나 비만과의 차이는 나

Evaluation of the Monell forced-choice, paired-comparison

타나지 않았다. 불일치하는 경우는 주관적으로 달게 먹거나 단맛을

tracking procedure for determining sweet taste preferences

좋아한다고 응답한 근로자가 미각 판정결과에서 달지 않거나 단맛

across the lifespan. Chem Senses. 2011;36:345-55.

을 좋아하지 않는 비율이 높게 나타났고, 이것은 만성질환 관리에

8. Duffy VB, Peterson JM, Dinehart ME, Bartoshuk LM. Genetic

긍정적인 영향을 미칠 것이다. 근로자를 대상으로 하는 단맛 미각

and environmental variation in taste: associations with sweet in-

판정프로그램은 근로자의 단맛에 대한 정확한 인식을 심어주고 당

tensity, preference, and intake. Top Clin Nutr. 2003;18:209-20.

류 섭취를 감소시키는 실천의 계기가 될 것이다. 추후 근로자를 대

9. Lee KH, Kim JE, Kim YK, Kang DM, Yun MJ, Park SG, et al.

상으로 당류 섭취량, 건강지표와의 관련성을 평가하고, 전반적인

Long working hours and emotional well-being in Korean manu-

식생활 환경에 대해 실천적 개선을 위한 중재연구가 필요하다.

facturing industry employees. Ann Occup Environ med. 2013;
25:38.
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Acupuncture is regarded as a relatively safe procedure, but it may have various
complications. Cardiac tamponade after acupuncture is an extremely rare complication but can have fatal outcomes. We present a 73-year-old female patient with
decreased consciousness and dyspnea after acupuncture at an oriental medical
clinic. Initial vital signs were a blood pressure of 60/40 mmHg and a heart rate of
110 beats/min. Echocardiography and chest computed tomography were performed in the emergency department to determine the cause of the shock, and the
result came out as hemopericardium. The patient underwent through an emergency cardiac surgery under the diagnosis of cardiac tamponade following acupuncture and was fully recovered after surgery.
Keywords: Acupuncture, Cardiac tamponade, Complication

Introduction
Acupuncture is used to relieve or treat a certain disease by inserting one or
more needles in a specific site of the body [1]. Acupuncture has been widely
practiced in the East as a therapeutic intervention, and acknowledgment of its
utility and safety lead to gradual spread to the West [2].
Acupuncture is regarded as relatively safe, as the risk of a serious adverse
event after acupuncture is estimated to be only 0.05 per 10,000 treatments, and
0.55 per 10,000 individual patients. However, severe and fatal adverse events
are being constantly reported [3]. We report a case of cardiac tamponade after
acupuncture with decreased consciousness and dyspnea, with a review of related literature.

Case report
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A 73-year-old female patient with no known previous illness developed decreased consciousness and dyspnea after visiting an oriental clinic had acupuncture applied at epigastric and scapular area to treat intermittent epigastric
pain and dyspepsia which started a month earlier. She was transferred to our
hospital’s emergency department (ED). At the time arrived at the ED, mental
status was drowsy, and the initial vital signs were a blood pressure of 60/40
mmHg, a pulse rate of 110 beats/min, a respiratory rate of 23 breaths/min, and
a body temperature of 35.0°C. On physical examination, jugular venous distension was observed, with a distant heart sound on auscultation, and the abdomen was flat without tenderness. Laboratory findings were as follows: white
blood cell count, 6,570/mm3 (neutrophils 30%); hemoglobin, 13.2 g/dL; hemahttp://www.e-kmj.org
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tocrit, 39.9%; plateletcount, 167,000/mm3; aspartatetransaminase, 76 IU/L; alaninetransaminase, 24 IU/L; CK-MB, 1.0
ng/mL; and troponin-I, 0.072ng/mL. Electrocardiography
revealed arterial fibrillation without change of the ST segment. The chest X-ray showed enlarged, globular-shaped
heart (Fig. 1); the echocardiography, pericardial effusion; and
chest computed tomography (CT) scan, a small amount of
pneumothorax in left hemithorax along with a large volume of
pericardial effusion (Fig. 2,3). Any specific finding was not
shown except hepatic congestion in abdominal CT (Fig. 4).
Based on the aforementioned test findings and the patient’s
symptoms immediately after acupuncture, she was diagnosed
as cardiac tamponade caused by acupuncture. A pericardial
window operation was done, concerning the risk of heart injury with pericardiocentesis via bedside transthoracic echocardiography. 300cc of bloody pericardial effusion was
drained through pericardial window creation, and membranous tissues of the blood clot were found. The patient fully
recovered after surgery and was discharged without complications.

Keimyung Med J

ment of rheumatic diseases, etc [4]. It is generally regarded as
a safe procedure, if performed by a well-trained and experienced practitioner, but it can lead to various complications in
practice [5]. Most of adverse events of acupuncture are mild,
such as bleeding, hematoma, local infection, headache, and
myalgia, but there can be serious adverse events such as neural damage, pneumothorax, hepatitis, perforation of internal
organs, spinal cord damage, and cardiac tamponade [6].

Discussion
Acupuncture is performed not only to control pain but also
for a variety of reasons, such as obesity control, cessation of
smoking, relief of tinnitus, post-stroke rehabilitation, treatFig. 2. Chest CT scan showing a small amount of pneumothorax
in the left hemithorax (arrows).

Fig. 1. Chest X-ray performed after the patient arrived at the ED,
showing an enlarged cardiac silhouette with a clear lung field.
http://www.e-kmj.org

Fig. 3. Chest CT scan showing pericardial fluid collection (arrows).
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A

B

Fig. 4. Abdominal CT scan showing contrast regurgitation to the hepatic vein (A) and dilatation of the hepatic vein (B).
Table 1. Acupuncture related heart injuries
Reference
Kirchgatterer et al. (2000) [16]
Park et al. (2005) [17]
Song and Park (2010) [18]
Kim et al. (2011) [19]

Patient information
83/F
49/F
69/F
54/F

Punctured site
Sternum
Shoulders and upper back
Shoulders and neck
Chest, abdomen

Generally, 2cm- to 5cm-long, 26- to 32-gauge needles are
used in acupuncture, which can damage the nervous system
and blood vessels if they penetrate the thoracic and abdominal viscera [7,8]. Therefore, cardiac tamponade can occur,
though rarely, when acupuncture is performed in the thoracic
cage, and this may be fatal [9]. According to the review of literature of Ernst and Zhang [9], 26 patients were diagnosed
with cardiac tamponade after acupuncture in 17 studies reported up to 2010, in which eleven of the patients fully recovered after surgery or other treatment, and 14 died.
Cardiac tamponade generally occurs after the heart is compressed through the accumulation of fluid, pus, blood, clots,
or gas in the pericardium [10]. Common causes include hemorrhage from chest trauma, metastatic malignancy, pericarditis, uremia, etc [11]. The mechanism of cardiac tamponade
caused by acupuncture includes cardiac tissue or vessel injury
by the needle, and damage of the right ventricular wall due to
the inflow of the needle through the bloodstream [12,13]. Direct cardiac damage is also associated with penetration of the
sternum through congenital sternal foramen, a malformation
found in 5-8% of the population [14]. It is usually hidden by
50

Adverse event
Cardiac tamponade
Cardiac tamponade
Myocardium injury
Hemopericardium

Follow up
Recovered
Recovered
Unknown
Recovered

tendon fibers, connective tissue, bone, so it cannot be easily
detected through palpation. Lee et al. [15] reported a case of a
patient who presented chest pain after acupuncture in his upper abdomen. The patient was diagnosed with cardiac tamponade caused by a broken acupuncture needle that moved to
the right ventricle and was detected in the fluoroscopy, computed tomography, and trans-esophageal echocardiography,
and the needle was successfully removed through cardiac surgery. A recent case of cardiac injury due to acupuncture was
in four cases (Table 1).
In this case, a patient without any previous illness was
transferred to the ED in shock state, just after undergoing
acupuncture in her scapula and upper abdomen. Echocardiography confirmed pericardial effusion and pneumothorax
was presented on chest CT scan, but no foreign body was detected. A pericardial window operation was performed, acupuncture needles were not found and the biopsy results after
the surgery showed no specific finding other than blood clots,
which ruled out secondary causes such as metastatic malignancy. The patient was diagnosed with acute cardiac tamponade due to direct cardiac injury by acupuncture needle. In
http://www.e-kmj.org
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chest CT scan, pneumothorax occurs in the anterior part of
the left lung, so it is estimated that the pericardiac tamponade
is caused by upper abdomen acupuncture rather than the
scapula.
Complications related to acupuncture result from the lack
of anatomical knowledge and hygiene of the practitioners
[20]. Practitioner education on the human anatomy and hygiene should be strengthened, and patient education on acupuncture complications and precautions are needed to prevent severe complications. Also, practitioners should be aware
of the possible adverse events following acupuncture and
should be able to treat emergency cases. Emergency physicians should be aware of the occurrence of cardiac tamponade
after acupuncture through a detailed medical examination to
improve the patient prognosis through early diagnosis and
treatment.
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Perioperative Diffuse Alveolar
Hemorrhage During Laparoscopic
Paraganglioma Removal: a Case Report
Sang Baek Kim, Ji Seob Kim, Ji-Hoon Park
Department of Anesthesiology and Pain Medicine, Keimyung University School of Medicine, Daegu,
Korea

Diffuse alveolar hemorrhage is life-threatening situation which is rarely caused by
paraganglioma or pheochromocytoma. Here, we describe anesthetic management of
64-year-old man underwent laparoscopic pararenal mass excision and later on this
mass diagnosed as paraganglioma. We induced anesthesia with propofol 120 mg,
sufentanil 12.5 µg, and rocuronium 50 mg. Anesthesia was maintained with sevoflurane administration. Patient position was changed to right lateral decubitus position
for laparoscopic approach. Vital signs were stable until direct stimulation of mass.
When surgeon started to manipulate pararenal mass, blood pressure suddenly increased to 274/169 mmHg and heart rate also increased to 140 beat/minute. SpO2
dropped to 69% and bilateral lung sounds decreased. We used intravenous esmolol
to control blood pressure and heart rate. In doubt for bronchial spasm, we used intravenous hydrocortisol and chlorpheniramine maleate. Discharge of bloody fluid
was obtained from endotracheal tube. Immediate postoperative chest x-ray showed
diffuse air space consolidation in right lung field. We assessed as unilateral alveolar
hemorrhage and patient was transferred to intensive care unit (ICU) without endotracheal extubation. The patient was followed up with ventilator care and antibiotic
treatment in ICU, and daily chest x-ray was taken. He was extubated after showing
favorable prognosis on postoperative day (POD) 4, and discharged on POD 7. Anesthesiologist should be aware that incidental manipulation of undiagnosed catecholamine producing tumor can lead to fatal consequences, and should know the management of hypertensive crisis and bronchial spasm.
Keywords: Bronchial spasm, Diffuse alveolar hemorrhage, Hypertension, Paraganglioma
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미만성 폐포내출혈은 호흡 부전을 일으킬 수 있는 치명적인 증상으로 조직학적으
로 3가지 타입으로 구분할 수 있다. 폐 모세혈관염과 결합조직 손상, 혈관염, 감염이
나 약물 중독과 같은 미만성 폐포 내 손상, 염증 없는 단순 폐출혈로 구분 한다[1,2].
현재 부신경절종에 의한 미만성 폐포내출혈에 대한 소수의 보고가 있으나 그 기전에
대해서는 아직 불명확하다. 본 증례에서는 복강경하 부신경절종 제거술 중 수술적 자
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극으로 과분비된 카테콜라민에 의해 발생한 고혈압 및 기관지 연축

색의 혈액 양상의 분비물이 나오는 것을 확인하였다. 이에 수술실

과 그 결과로 발생한 일측성 미만성 폐포내출혈 증례에 대해 보고

에서 흉부 X선 사진을 촬영하였고 우측 광범위 공기공간 폐경화 소

하고자 한다.

견을 나타냈다(Fig. 1). 혈액성 기관내 분비물과 동맥혈가스검사 그
리고 X선 결과를 바탕으로 미만성 폐포내출혈이 의심되어 기관내

Case Report

삽관을 유지한 채 집중치료실로 후송하였다.
집중치료실에서 흡입산소분율 0.6, 호기말양압 8 cmH2O, 압력

환자는 64세, 신장 166 cm, 체중 70 kg인 남자로 신곁우연종 (크

조절 환기 모드로 호기 압력 6-12 cmH2O, 호흡수 분당 15-20회로

기 3.5 x 2.3 cm)에 대해 좌측 후복막 공간의 신경성 종양 의증 하

환기를 하였다. 중환자실 입실 당일에는 기관 내 흡인상 pinkish 한

에 복강경하 제거술 예정이었다. 과거력 상 발작 심실상성빈맥으로

분비물이 나왔지만 그 이후에는 흡인상 특별한 소견은 없었다. 혈

7년 전에 고주파 절제술을 받았다. 수술 전 심전도 상 우각차단이
확인되었고 그 외 흉부 X선, 혈액 검사는 정상이었다. 수술 전 호르

액 검사 상 troponin I 1.479로 조금 증가한 소견 이외에 다른 소견

몬 검사는 시행되지 않았다.

중치료실에서 호흡기 치료 및 항생제 치료를 하며 경과를 관찰하였

마취 전 투약 없이 수술실에 도착하였고 기본 모니터링을 시행

은 없었고 가슴 경유 심장초음파 검사 상 정상으로 확인되었다. 집
고 단순 흉부X선 또한 확인하였다(Fig. 2). 동맥혈가스 검사상 호전

하였다. 혈압은 147/81 mmHg, 심박수는 63회/분, 산소포화도

96%로 확인되었다. 마취 유도는 propofol 120 mg, sufentanil 12.5
µg, rocuronium 50 mg을 사용하였다. 충분히 신경근 차단이 된 것
을 확인 후 기관내삽관을 하였고 2.0 -2.5 vol%의 sevoflurane과 주
기적인 sufentanil, rocuronium 주사로 마취를 유지하였다.
마취 30분 후 수술이 시작되었고 복강경 접근을 위해 환자는 우
측 측와위로 자세를 변경하였다. 복강 내 이산화탄소 주입을 통해
기복강(pneumoperitoneum) 상태로 만들었다. 기복강 형성 후 흡
기최고압이 19에서 29로 증가하였고 비위관을 삽관하여 흡입을 시
행하였으나 변화는 없었다. 당시 산소포화도는 99%로 유지되었다.
종양 조작 전까지 혈압은 100-140/60-80 mmHg로 유지되었으나
수술 시작한 지 40분 경과 후 종양 적출을 위한 수술적 조작을 시
작하면서 심박수의 변화 없이 혈압이 170/82 mmHg로 상승하였
다. 5분 경과 후 갑자기 혈압은 274/169 mmHg까지 상승하였고
심박수가 140회/분으로 상승하여 esmolol을 20 mg씩 2회 투여하
였다. 최대흡기압 또한 35 cmH2O로 증가하여 흡입 마취제 농도

Fig. 1. Immediate postoperative chest X-ray. Diffuse air space
consolidation is shown in right lung.

를 증가시키고 인공 호흡기를 압력 조절 환기 모드로 하였으나 산
소포화도는 지속적으로 감소하여 80%로 확인되었다. 20G 카테터
를 이용하여 동맥감시장치를 거치한 후 시행한 동맥혈가스검사상
동맥내 산소분압 64 mmHg, 동맥내 이산화탄소분압 59.2 mmHg
에 산소포화도는 88%로 확인되었다. 이후 혈압과 심박수는 안정적
으로 유지되었으나 압력 조절 환기 모드로 최대흡기압이 30

cmH2O 이상으로 유지함에도 충분한 호흡량이 유지 되지 않고 산
소포화도 또한 69%까지 감소하였다. 청진 상 양측 폐음 감소된 양
상을 보여 기관지 연축 의심 하에 hydrocortisol 50 mg 과
chlorpheniramine maleate 4 mg을 정맥 투여한 후 맥박 산소포화도
는 95%로 상승하였고 7분여 후 기복강을 위해 주입하던 이산화탄
소를 차단하면서 산소포화도 99%, 흡기최고압도 19 cmH2O로 회
복되었다. 수술 종료 후 시행한 동맥혈가스검사상 흡입산소분율

1.0 상태에서 산소분압 116 mmHg, 이산화탄소분압 51 mmHg,
산소포화도 98%로 확인되었고 기관내 튜브를 흡입하였을 때 붉은
http://www.e-kmj.org

Fig. 2. Chest X-ray of POD3. Bilateral pleural effusion and
consolidation of right lung are shown.
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되는 양상 보여 수술 후 2일째 인공호흡기 모드를 압력 보조 환기

과거에도 혈압 상승에 의한 미만성 폐포내출혈의 사례가 있었고

로 전환하였고, 술 후 4일째 기관내 튜브를 발관하였으며 5일째 집

[2,7-9], 환자들은 대부분 남성이었고 신부전, 심부전, 망막병증과

중치료실에서 일반 병동으로 전동 되었다. 환자는 수술 7일째 흉부

같은 다른 장기 손상이 동반되었다.

X선 사진상 호전된 소견(Fig. 3) 보여 퇴원하였다.

본 증례는 술 중 마취되어 있는 상태에서 일어난 혈압 상승에 의
한 일측성 미만성 폐포내출혈로 앞선 사례들과 차이를 보인다. 혈

Discussion

압 상승이 일어나기 전까지 수축기 혈압이 100~120 mm Hg로 안
정적인 혈역학 수치를 유지하고 있었고 Bispectral Index Score

부신경절종은 흔하지 않은 신경내분비종양으로 전신에서 발생

(BIS) 또한 30-50으로 변동폭이 크지 않았다. 갑작스런 혈압 상승

가능하며 발생률은 대략 1/300,000으로 낮다[3]. 대부분의 경절종

시에도 BIS 값은 정상 값을 유지 하고 있어 얕은 마취로 인한 교감

은 무증상 혹은 통증 없는 덩이로 발견된다. 호르몬을 분비하는

신경계 자극은 배제될 수 있다. 이외에도 술 후 촬영한 단순 흉부X

1-3% 만이 임상적으로 유의할 정도의 카테콜라민을 분비하며 부

선 사진을 비교하였을 때 우측 폐에만 음영이 보이는 것은(Fig. 1)

신에서 발생하는 크롬친화성세포종과 유사한 증상을 나타낸다. 수

환자의 술 중 자세와 연관이 있을 것으로 보인다. 복강경 수술을 위

술 중 자극에 의해 심각한 혈역학적 이상을 보이는 경우는 크롬친

해 우측와위 자세를 취할 경우 우측 폐가 기저 부위로 가게 된다.

화성세포종이 70%, 부신경절종이 30% 정도이다[4].

측와위 시 폐의 혈류는 중력의 영향으로 기저부에 위치한 폐로 혈

본 증례는 신곁우연종의 진단이 술 후 생검을 통하여 부신경절

류가 많이 가게 된다. 또한 기계 호흡의 영향을 받게 되어 그 압력

종임이 확인된 사례로 술 중 수술적 자극에 의해 분비된 카테콜라

이 올라감에 따라 폐로 정맥 환류가 감소하며 폐 혈관의 저항이 증

민에 의한 과도한 혈압 상승에 의해 미만성 폐포내출혈이 발생한

가한다. 이 때 폐의 혈류는 낮은 기저 부위로 더 많이 가게 되고 높

것으로 보인다. 과도한 혈압 상승에 의한 폐포내출혈의 정확한 기

은 부위로 적게 간다[10]. 또한 호기말양압을 사용하였을 때 무기

전은 명확하지 않으나 몇가지 기전이 고려된다. 레닌, 알도스테론,

폐를 줄일 수 있으나 더 많은 혈류를 낮은 부위로 가게 한다[11].

바소프레신, 카테콜라민, 그리고 엔도텔린과 같은 체액성 요소들에

따라서 우측 폐로 가는 혈류량이 더 많은 상태로 과도한 혈압 상승

의한 폐포 모세혈관 손상이 일어날 수 있다는 것[4], 폐포 부종이

이 일어나게 되면 위에서 설명한 기전에 따라 일측성 미만성 폐포

전신 고혈압에 의한 좌심실 부전에 의해 일어날 수 있다는 것[5],

내출혈이 일어나게 되고 좌측 폐 보다 더 두드러지게 보여진다. 본

기관지폐동 맥이 전신 혈관과 폐 순환에서 혈류를 공급받기 때문에

증례와 같이 갑작스런 혈압의 상승이 있을 시 혈압 조절과 함께 측

[6] 직접적으로 전신 고혈압에 의해 손상을 받을 수 있다는 것이 있

와위에서 반측와위나 앙아위로 자 세를 변경시키고, 호기말양압을

다[7].

일시적으로 사용하지 않는 것이 폐포내출혈의 발생을 줄일 수 있을
것이다.
본 증례에서는 수술 중 환자 혈압 감시를 비침습적 혈압 측정을
통해 5분 간격으로 이뤄졌고 침습적 동맥압 감시는 고혈압 사건이
일어난 후 이뤄졌다. 비침습적 혈압 측정은 측정에 시간이 소요 되
게 되었고 이에 대한 혈압 조절 약물의 투여 및 반응을 평가하는데
시간이 소요 되었다. 고도의 고혈압 발생시 신속한 약물의 투여와
이에 따른 혈압 변화를 관찰해 혈압을 조절하는 것은 본 증례와 같
이 고혈압에 따른 이차적인 합병증을 예방하기 위해 매우 중요하
다. 따라서 본 증례와 같이 수술 전 호르몬 검사를 시행하지 않은
경우 침습적 동맥압 감시를 시행하는 것을 고려해 볼 수 있다.
폐포내출혈의 정확한 진단을 위해 기관지폐포세척이나 컴퓨터
단층촬영을 시행 할 수 있으나 본 증례에서는 호흡기 치료와 함께
환자의 증상 및 흉부X선 사진이 호전되는 양상을 보여 시행하지
않았다. 따라서 흉부 X선 사진 만을 고려할 때 폐포내출혈뿐 아니
라 폐부종, 폐렴 등의 가능성도 배제할 수 없다. 그러나 혈압 상승
이 있은 후 기관내튜브를 통한 흡입에서 핏빛 양상을 보였고 그 당
시 시행한 동맥혈가스 검사 상 혈색소 수치가 17.9 g/dL였고 30분,

Fig. 3. Chest X-ray of POD 7. Consolidation of right lung is
resolved.
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60분 뒤 시행한 검사상에서는 각각 16.4, 16.0 g/dL 확인되었다.
술 후 시행한 일반 혈액 검사상 14.8 g/dL로 지속적인 감소 양상을
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보였기에 출혈이 있었을 것으로 예상된다. 이외에도 집중치료실에

article.

서 시행한 일반 혈액 검사에서 감염의 소견은 없었다는 점에서 단
순 폐렴과 페부종보다 미만성 폐포내출혈이 더 의심된다. 일측성으
로 발생하였고 고혈압 지속 시간이 길지 않아 환자의 증상이 더 악
화되지 않았고 회복 양상과 예후도 좋았던 것으로 생각된다.
또한 혈압 상승과 함께 기관지연축이 있었던 것으로 보인다. 혈
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최초로 투고한 후 저자 자격에 대한 모든 변경사항(저자의 추가

어 초록과 함께 한글 혹은 영어로 발행되는 학술지이며 약칭은

나 삭제, 순서 변경 등)은 반드시 공문으로 편집위원회에 통보하

Keimyung Med J 입니다. KMJ는 의료정보학과 의과학에 관한 최신

여야 하며, 모든 저자의 서명을 첨부하여야 한다.

의 정보를 공유함으로써 질병의 치료에 기여하고 인류 건강을 증진
시키는 것을 목표로 하고 있으며, 임상연구, 기초의학 및 간호학을

●

KMJ는 1982년 창간호가 발간되었으며, 매년 6월 15일, 12월 15일
2회에 걸쳐 발행되고 있으며, 창간호부터 최신호까지 http://www.
e-kmj.org에서 무료로 이용할 수 있다.
KMJ에 제출 된 모든 원고는 아래의 지침을 준수하여야 하며, 아래
에 명시되지 않은 경우, ‘Uniform Requirements for Manuscripts
Submitted to Biomedical Journals: Writing and Editing for Biomedical
Publication (http://www.icmje.org)’을 따라야 한다. 학술지에 게
재 된 논문에 대한 저작권은 KMJ 측에 있으며, 저작권의 양도에
모든 저자가 승인해야 한다.

교신저자 및 제1저자: 한 원고에 대해 한명의 교신저자만 두는
것을 원칙으로 한다. KMJ는 제1저자가 공동연구를 수행함에
있어 교신저자와 동등한 기여를 한 것이 명백한 경우에 승인

포함한 모든 보건의료 분야의 발전을 촉진할 논문을 게재하고 있다.

한다.
●

게재 후 저자 수정: KMJ는 편집 상의 명백한 실수가 아닌 이
상 게재 후에는 저자를 수정하지 않는다.

2. 중복게재 및 표절
중복 출판물은 원본 출처의 귀속 없이 실질적으로 동일한 저작
물이 2회 이상 발행(발행 또는 출판 시도)하는 것으로 정의한다.
이전에 다른 출판물로 출간된 원고는 본 학술지에 게재할 수 없
다. 또한 다른 학술지에서 게재 심사가 진행 중인 원고는 본 학술

원고 종류와 언어

지에 중복하여 투고할 수 없으며, 다른 학술지의 심사가 종료된
후에 본 학술지에 투고하여야 한다. 원고가 일단 채택된 후에는

KMJ에 투고하는 원고는 창의적이어야 하며, 질병의 치료와 예방

편집위원회의 허가 없이 원고의 어떠한 부분도 다른 학술지에

을 포함한 보건의료, 의료서비스 및 의용기술, 의학교육의 발전에

중복하여 게재 할 수 없다. 만약 KMJ에 게재된 원고가 다른 학
술지에 중복으로 게재된 것이 밝혀질 경우 해당 원고는 게재를

기여할 수 있어야 한다. 원고의 형태는 원저, 증례보고, 종설(최근
투고 중인 원고는 다른 출판물에 게재되지 않은 것이어야 하며, 심

철회함과 동시에 KMJ는 해당 저자가 중복 게재한 사실을 공개
한다. 이러한 사실은 저자가 소속된 기관에 통지하여야 하며, 저

사가 끝나는 시점까지 다른 학술지에 중복하여 투고되지 않아야 한

자에게는 추가적인 징계를 내릴 수 있다.

다. 심사 과정에 있는 원고에 대하여 저자(들)는 계명의대학술지 편

원고의 표절에 대한 점검은 심사 전에 Ithenticate (https://app.

집위원회의 요청에 따라야 한다. 원고에 기술되는 언어는 특별한

ithenticate.com/)를 활용하여 시행한다.

이슈, 새로운 정보, 심층검토, 임상실험), 독자의견 등이 포함된다.

경우를 제외하고는 한글 또는 영문으로 혼용 없이 작성하여야 한
다. 그러나 모든 원고의 초록은 영문으로 작성하여야 한다. 원고에

3. 이차출판

기술되는 학술용어는 대한의사협회에서 최근에 발행한 의학용어

다른 학술지에 출판된 원고를 KMJ에서 이차로 출판하고자 하는

집 또는 해당 전문분야의 최신 용어를 사용하여야 한다.

경우에 본 학술지 편집위원회가 원전을 출판한 학술지 편집위원
회의 동의를 획득한 경우에 한하여 이차 출판을 허용하며, 이 경

연구출판윤리

우에는 ‘Uniform Requirements for Manuscripts Submitted to

Biomedical Journals (http://www.icmje.org)’의 일반적인 사항에
1. 저자 자격

따른다.

저자는 다음의 4가지 조건을 만족시켜야 한다. 즉, 1) 원고를 구
성하는 개념과 설계, 자료의 수집, 분석과 해석 과정에서 상당한

4. 이해관계 명시

기여를 했는지, 2) 원고를 직접 작성하였거나 또는 학문적으로

교신저자는 잠재적으로 저자의 자료 해석에 영향을 줄 수 있는

중요한 내용의 수정에 대해 결정적 역할을 했는지, 3) 원본의 게

이해상충 또는 갈등을 유발할 수 있는 모든 관계를 편집위원회

재에 관한 최종 승인권을 가졌는지, 4) 원고의 모든 측면에 대해
책임을 지고 정확성이나 완전성에 문제가 있을 경우 이를 해결

에 알려야 한다. 예로는 특정 기업에서 받은 금전적 지원이나 그

하겠다고 동의했는지 여부에 따라 인정된다. 교신저자는 원고를

로 관련한 문제 등을 들 수 있다. 특히 연구비 수혜 내용은 표지

기업과의 관계, 이익 집단으로부터 받은 정치적 압력, 학문적으

i
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에 명기하고, 연구와 관련된 투자, 자문료, 주식 등 이해관계가

부합하는지를 심사하며, 다음 단계로 유사도 검사를 통해 표절

있는 모든 사항은 본문 말미의 하단에 명시하여야 한다.

이나 중복게재 여부를 확인한다. 이후 편집위원회에 의해 선정

5. 인간 및 동물 연구에 대한 규칙 및 규정
인간과 관련이 있는 연구에서는 1964년 채택된 헬싱키선언의 윤
리적 기준을 준수해야 하고 ‘Institutional Review Board (IRB)’의

된 익명의 심사위원 2명이 원고를 교차검증 한다. 교차검증에서
는 저자의 이름과 소속기관을 제거하고 심사하는 더블 블라인드
(이중맹검) 방식을 사용한다. 편집위원회는 심사위원들이 보낸
심사결과를 심의하여 원고의 일차 채택 여부를 결정한다. 통상

승인을 받아야 한다. 사진을 포함한 설명 자료에는 환자의 이름,

적으로 편집위원회는 원고의 게재 여부를 접수 후 3주 내에 일차

의 이니셜, 및 병원 식별번호를 등이 공개 되어서는 안된다.

적으로 결정하며, 이후 즉시 교신저자에게 원고의 심의 결과와

동물을 대상으로 한 연구일 경우 실험동물의 사육과 사용에 관

심사 의견서를 전자메일로 전달해야 한다. 교신저자는 심사 의

련된 규정 또는 ‘NIH Guide for the Care and Use of Laboratory

견서에 따라 수정이 이루어진 모든 부분을 항목별로 표시하여

Animals’를 준수하여야 한다.

편집위원회에서 정한 기한 내에 수정된 원고를 다시 제출하여
야 한다. 특별한 사유가 없는 한 원고가 수정되지 않은 채 다시

6. 연구 및 게재 부정행위 해결을 위한 절차

제출되거나 또는 수정된 원고가 기한 내에 편집위원회에 도착하

중복게재, 표절, 허위 자료, 수치 조작, 저자 변경, 이해상충 미공

지 않으면 저자가 자의로 투고를 철회한 것으로 간주한다. 만약,

개, 투고된 원고에 대한 윤리적 문제, 심사위원이에 의한 저자의

수정기간을 연장하고자 할 경우 교신저자는 편집위원회에 연락

아이디어나 자료 차용, 편집위원에 대한 항의 등 연구나 게재의

해야 한다.

부정행위로 의심되는 사례가 발견되는 경우 이를 해결하기 위한

편집위원회는 원고의 심의 결과는 ‘원고대로 게재, 수정 후 게재,

절차는 ‘Committee on Publication Ethics (http://publicatio-

수정 후 재심사, 게재 불가’ 중에 한 유형으로 통지한다.

nethics.org/resources/flowcharts)’가 제공하는 업무절차 단계를
따른다. 의심되는 사례에 대해서는 편집위원회에서 논의 한다.

7. 편집위원회 및 편집위원의 책임
KMJ 편집위원회는 출판윤리를 준수하기 위해 지속적으로 노력

저작권, 라이선스, 데이터 공유
1. 저작권

하며, 논문 철회에 관한 지침 준수, 학술 자료의 완전성 유지,

모든 출판물에 대한 저작권은 KMJ가 소유한다. 교신저자는 원
고를 투고할 때 모든 저자가 서명한 ‘저작권이양동의서’를 전자투

학문이나 윤리적 기준에 위배되는 모든 이해상충방지, 필요한

고시스템을 통해 제출해야 한다.

경우 수정이나 해명, 철회, 사과문 게재 조치, 그리고 모든 표절

저작권 양도에는 재출판, 번역, 사진 복제, 마이크로 폼, 전자형식

이나 허위 자료를 제거하고 규탄하는 책임을 다하기 위해 노

(오프라인, 온라인) 또는 기타 유사한 성격의 복제물을 포함하여

력한다.

원고를 재생성 및 배포할 수 있는 독점적 권리가 포함된다.

편집위원은 투고된 원고를 채택하거나 거부할 권한을 가지며,
가 합리적으로 확실한 경우 채택할 수 있으며, 원고에 오류가 발

2. 라이선스
KMJ는 적절히 인용되는 전제 하에 모든 매체를 통해 원래 저작

견되면 수정이나 철회를 공시 하며, 심사위원의 익명성을 보장

물을 비상업적 목적으로 활용하거나 배포, 재생산하는 것을 무제

하는 등 사항에 대해 책임을 진다.

한적으로 허용하는 “ Creative Commons Attribution Non

이 때 원고에 대하여 이해상충이 없어야 한다. 편집위원은 원고

투고 및 검증 절차

Commercial License (https://creativecommons.org/licenses/bync/4.0/)”의 조건에 따라 배포되는 오픈액세스 학술지이다. KMJ
에 게재된 모든 표나 그림을 학문적, 교육적 목적으로 다른 학술

1. 투고

지, 책, 매체에 사용하는 경우 “Budapest Open Access Initiative

모든 원고는 온라인 논문 투고 시스템(http://e-kmj.org/)을 통

(BOAI)”의 오픈 액세스에 대한 정의에 따라 따로 허가를 받지 않

해 투고되어야 한다. 원고를 투고한다는 것은 해당 원고가 이전

아도 된다.

에 게재된 적이 없으며 다른 학술지에서 게재를 위한 심사가 진
행되고 있지 않다는 것을 의미한다. 또한 원고가 일단 채택되면
저자는 해당 원고를 편집위원회의 동의 없이 다른 언어로 변환
하여 다른 출판물에 게재하지 않을 것에 동의해야 한다.

2 검증 절차
KMJ 편집위원회는 접수된 모든 원고를 심사함을 원칙으로 한
다. 먼저 원고가 양식을 갖추었는지, 본 학술지의 목적과 범위에
ii

3. 데이터 공유
KMJ는 윤리, 개인정보 보호, 비밀유지와 관련된 문제로 제한되
는 경우가 아닌 이상 ICMJE Recommendations for data sharing
statement policy에 따른 데이터 공유를 권장한다.
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원고작성의 세부사항
1. 원고 작성
1) 원고는 한글 또는 영문으로 작성하여야 하며, 특별한 경우를
제외하고는 한글과 영문을 혼용하지 않는다. 초록은 한글이
나 영문 원고 모두 영문초록을 첨부한다.

2) 원고는 A4용지에 상하좌우 2.5cm 여백을 두고 MS Word로
작성하고, 본문은 글자크기 10포인트, 줄 간격 200으로 기술
한다.

3) 원고는 표지, 영문초록, 본문(서론, 방법, 결과, 고찰, 요약),
참고문헌, 표 및 그림 설명, 표, 그림 등의 순서로 작성하며,
각 부분은 새 쪽으로 시작한다.

4) 학술용어는 대한의사협회에서 최근에 발행한 의학용어집을

기술하고, 본문의 용량은 5쪽 내외로 한다.

5. 참고문헌
1) 참고문헌은 본문에서 인용된 것이어야 하며 본문에 인용된 순으
로 영문으로 기술한다.

2) 저자명의 기술방법은 먼저 성을 기술한 뒤에 이름은 약어로만
표기한다.

3) 저자의 수가 6명 이하일 경우 모든 저자명을 기재한다. 저자가 6
명을 넘으면 6명까지는 저자명을 기술한 다음 ‘et al.’로 나머지
저자명을 대체한다.

4) 학술지명의 표기는 Index Medicus의 공인된 약어를 사용한다.
5) 본문에서 참고문헌은의 표기는 인용된 순서대로 번호를 대괄호
속에 붙이며, 번호는 저자 의 성 뒤에 기재하여야 하고 저자의 성

기준으로 사용함을 원칙으로 한다. 번역어가 있으나 의미 전

이 없는 경우는 문장의 마침표나 쉼표 앞에 기재한다.

달이 어려운 경우에는 번역어를 처음 사용할 때 번역어 다음

저자가 2명 이하일 때는 모든 저자의 성을 다 쓰며, 3명 이상일

에 괄호 안에 원어를 표기한 다음 이 후 사용 시에는 번역어

때에는 첫 저자의 성 다음에 ‘et al.’을 붙인다.

만 기술한다. 적절한 번역어가 없는 학술용어, 고유명사, 지
명, 인명, 약품명, 단위 등은 원어로 직접 표기할 수도 있다.

6) 기타 명시되지 않은 참고문헌 기술방법은 Uniform Requirement
for Manuscripts

5) 약자를 사용해야 할 경우에는 용어를 처음 사용할 때 전체 용
어를 표기한 다음에 괄호 안에 약자를 기입한다. 이후에는 약

참고문헌 기술방법은 다음의 예시에 준한다.

자만 사용한다.

6) 숫자는 아라비아 숫자, 도량형은 미터법을 사용하고 모든 단위
는 국제표준(SI) 단위를 사용하는 것을 원칙으로 한다.
2. 표지
1) 표지에는 원고의 종류, 제목, 저자명, 소속 등을 명시한다(한
글논문인 경우 영문도 표기). 소속이 각기 다른 저자가 포함
된 경우에는 주 연구기관을 먼저 기록한 다음, 나머지 기관은
해당하는 저자명과 일치시켜 저자명과 소속기관에 각각 같은
어깨번호를 표기하되 저자명의 순으로 번호를 붙인다.

2) 제목은 원고의 취지와 내용을 적절히 반영하여야 하고 한글
제목은 40자, 영문 제목은 20단어를 넘지 않도록 한다. 영문
단어의 첫 문자는 대문자로 한다.

3) 표지 하단에는 교신저자의 성명, 소속, 주소, 연락처 등을 명시
하고, 연구비 수혜나 학술대회 발표 등 관련사항을 기재한다.

3. 영문초록
1) 영문초록은 문단의 구분이 없이 기술하며 250 단어를 넘지 않
아야 한다.

2) 중심단어(Key Words)는 초록 하단에 최대 5개까지 영문으로
제시한다. 중심단어는 미국국립의학도서관이 제공하는

Medical Subject Headings (MeSH) 를 참조한다.
4. 본문
1) 원저는 서론, 재료 및 방법(대상 및 방법), 결과, 고찰, 감사의
글, 이해관계의 순으로 기술한다.

2) 증례보고는 서론, 증례, 고찰, 감사의 글, 이해관계의 순으로

Journal Article
1. Skinnider BF, Amin MB. An immunohistochemical approach to the differential diagnosis of renal tumors. Semin
Diagn Pathol 2005;22:51-68.
2. Walsh TJ, Anaissie EJ, Denning DW, Herbrecht R, Kontoyiannis DP, Marr KA, et al. Treatment of aspergillosis: clinical practice guidelines of the infectious diseases society of america.
Clin Infect Dis 2008;46:327-60.
3. Xin H, Liu D, Songyang Z. The telosome/shelterin complex
and its functions. Genome Biol. 2008;9. DOI: 10.1186/gb2008-9-9-232.

Book
4. Rosai J, Ackerman LV. Rosai and Ackerman’s Surgical Pathology. 9th ed. Edinburgh, New York: Mosby; 2004.

Book Section
5. Zipfel GJ, Day AL. Surgical treatment of intracavernous and
paraclinoid internal carotid artery aneurysm. In: Winn HR,
editor. Youmans Neurological Surgery. 5th ed. Philadelphia:
W.B.Saunders; 2004. p.1895-913.

Web Page:
6. National Cancer Institute. The Cancer Genome Atlas Program.
[cited 2020 Mar 16]. Available from: https://www.cancer.
gov/about-nci/organization/ccg.
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7. 표(Tables)
1) 표는 본문에서 기술되는 것만 순서대로 배열하고 아라비아 숫자
를 매긴다.

2) 표는 영문으로 작성하며 제목과 가로축 및 세로축의 범례에서
첫 글자만 대문자를 사용한다.

3) 표의 제목은 표의 왼쪽 상단에 절이나 구의 형태로 표기한다.
4) 표는 구획은 세로 줄의 가로 실선만 사용하여 나타내며 수직선
은 긋지 않는다.

2) 그림은 선명해야 하며, 크기는 15 x 20cm 이하, 용량 크기는
5MB 이하, 해상도는 300 dpi이상을 권장하며, ppt, jpg, tif 파
일로 접수한다.

3) 동일 번호에서 2개 이상의 그림인 경우 아라비아 숫자 이후에
A, B, C 글자를 기입하여 표시한다.
4) 본문에서 특정 그림을 지칭하는 경우에는 ‘Fig. 1’과 같이 표
기한다.

5) 도화(line drawing)는 원칙적으로 원본이어야 한다. 다른 논문

5) 본문에서 특정 표를 지칭할 때 ‘Table 1’과 같이 표기한다.

의 그림을 인용할 때는 원칙적으로 원저자의 동의를 얻어야

6) 표에 약자를 사용할 때는 표의 하단에 약자를 풀어서 설명한다.

한다.

8. 그림 및 사진(Figures)
1) 그림은 본문에서 언급되는 순서대로 나열하고 아라비아 숫자를
매긴다.
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9. 기타
본 투고규정에 언급되지 않은 사항은 일반적인 관례에 준한다.

Author’s checklist
□ 원고는 다른 학술지에 중복해서 제출(투고)되지 않았다.
□ 원고와 동일한 내용이 다른 학술지에 게재되지 않았다.
□ 원고는 의학논문 출판윤리 가이드라인을 모두 준수하고 있다.
□ 원고의 규격은 A4 용지에 위아래 및 좌우 각각 2.5cm 여백을 두었고, 텍스트는 10포인트, 줄 간격 200으로 작성하였다.
□ 원고는 표지, 제목, 영문초록, 본문, 참고문헌, 그림설명, 표, 그림의 순서로 작성하였으며, 각 부분은 새로운 쪽으로 시작하였다.
□ 제목은 간결하면서도 본문의 내용을 함축적이고 명료하게 표현하고 있다.
□ 영문초록은 문단 구분 없이 작성하였고, 250단어를 초과하지 않았다.
□ 중심단어는 최대 5개를 초과하지 않았으며, 영문초록 하단에 제시하였다.
□ 본문은 서론, 재료 및 방법, 결과, 고찰, 요약의 순으로 제시하였다.
□ 참고문헌은 모두 본문에 인용되어 있고, 본문에 인용된 순서대로 나열되어 있다.
□ 참고문헌 표기방법이 투고규정과 일치한다.
□ 표와 그림에서 제목과 내용은 영문으로 작성하고 일관되게 표시하였다.
□ 표와 그림의 영문 제목에는 첫 단어와 고유명사만 대문자로 시작하였다.
□ 표 혹은 그림은 그 자체만으로 독자가 충분히 이해할 수 있을 정도로 작성하였고, 본문에서 동일한 내용을 표와 그림으로 중복해
서 제시하지 않았다.
□ 그림과 사진은 축소 인쇄되더라도 영향을 받지 않을 정도로 명료하다.
□ 모든 저자가 원고 제출에 동의하였다.
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Copyright transfer agreement
논문제목:

라는 제목의 논문이 “계명의대학술지”에 출간될 경우 그 저작권을 계명대학교 의과대학에 양도한다.
저자는 저작권 이외의 모든 권한 즉, 특허 신청이나 향후 논문을 작성하는 데 있어서 본 논문 일부 혹은 전부를 사용하는 등의 권한을 소유
한다. 저자는 계명의대학술지 편집위원회로부터 서면으로 승인을 받으면 타 논문에 본 논문의 자료를 사용할 수 있으며, 이 경우 자료가 발
표된 원 논문을 밝힌다. 논문의 모든 저자는 본 논문에 실제적이고 지적인 공헌을 하였으며 논문의 내용에 대해서 책임을 공유한다.
본 논문은 과거에 출판된 적이 없으며 현재 타 학술지에 제출되었거나 제출할 계획이 없음을보장하고 아래에 서명하는 바이다.
(6명 이상의 저자가 있는 경우에는 이면에 서명해도 가함)

저자명

년/ 월/ 일

(서명)

