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  33/25/3531 پذیزش:
 

َاب  بىااب   تقااز از     ارزیببی تًان تمبیز سلًل
َاب  قلیای  ر ااطایظ     خًن قبعدگی بٍ سالًل 

 آزتبیقگبَی
 

 ،1هما محسىی کوچصفهاوی ،4،3امیرحسه زرواوی ،2،1مریم رحیمیان: وویسىدگ
 *5وژاد سمیه کاظم

 

 ؿٙبػ٣، ٔلا٤ش، ا٤شاٖ  . دا٘ـٍبٜ ٔلا٤ش، دا٘ـىذ٠ ػّْٛ، ٌشٜٚ ص٤ؼز1
 . دا٘ـٍبٜ خٛاسص٣ٔ سٟشاٖ، دا٘ـىذ٠ ػّْٛ ص٤ؼش٣، ٌشٜٚ ػّْٛ خب٘ٛس٢، سٟشاٖ، ا٤شا2ٖ
ٞب٢ ٤ٛ٘ٗ ػّوْٛ ص٤ؼوش٣ خٟوبد دا٘ـوٍب٣ٞ،      ٙبٚس٢. دظٚٞـىذ٠ ٘ب٘ٛث٥ٛسىِٙٛٛط٢ دظٚٞـٍبٜ ف3

 ػ٥ٙب، سٟشاٖ، ا٤شاٖ اثٗ
 . ٔشوض سحم٥مبر ا٤ِٕٛ٘ٛٛط٢، دا٘ـٍبٜ ػّْٛ دضؿى٣ ا٤شاٖ، سٟشاٖ، ا٤شا4ٖ
ٞب٢ ٤ٛ٘ٗ ػّْٛ ص٤ؼش٣ خٟوبد دا٘ـوٍب٣ٞ،    . ٌشٜٚ دظٚٞـ٣ ٟٔٙذػ٣ ثبفز دظٚٞـٍبٜ فٙبٚس5٢

 ػ٥ٙب، سٟشاٖ، ا٤شاٖ اثٗ
 

 :kazemnejad_s@yahoo.comE-mail      ٘ظاد بظٓػ٥ٕٝ و٤ٛ٘ؼٙذٜ ٔؼئَٛ: * 
 

 چکادٌ
عنوان یک  رش  دراکا ج یدیکد بکرای بینکاران       های بنیادی به های اخیر، سلول در دهه تقدتٍ ي َدف:

عنکوان   اشتق از خون قاعدگج بکه های بنیادی  تازگج شناسایج سلول بهابتلا به اختلالات قلبج اعرفج شده است. 
هکای بنیکادی بکا برخکج خصویکیاتج اوکت سکتوست دسترسکج، توا کایج ت ویکر ش            فرد از سلول ی  انبع انحصربه

هکا بکه    دراا ج ایجاد کرده است. در این اطاسعه، توا ایج تنایس این سکلول  خودتجدیدی بالا، ااید فراشا ج را برای سلول
 کاردیوایوسیت بررسج شده است. 

 
هکای شکبه    هکا بکه سکلول    هکا تنکایس  ن   بعد از بررسکج اارکرهکای سکطحج ایکن سکلول      َب: تًا  ي ريش

 زاسکیتیدین ش فکاکتور رشکد فیبرشبلاسکتج بررسکج شکد. سک   بیکان          -5کاردیوایوسیت در حضکور  
 real-time ایکسی اینو وفلورسکنت ش    شسکیل  ر ک    بکه  mRNAهای تنایسی در سطح پکرشتیین ش   سلول

quantitative PCR  .بررسج گردید 
 

هکای بنیکادی    طکور اعنکول، اارکرهکای سکلول     بکه هکا   سکلول براساس   اسیس فلوسایتواتری ، ایکن   وابیج:

عنوان یک  اکارکر ینینکج را بیکان      به OCT-4هنچنین  CD166ش CD105 ،CD73، CD44اسا شینج شبیه 
ش پکرشتیین   mRNAا در سکطح  های کاردیوایوسکیتج ر  شده، اارکرهای سلول تنایسدادههای  سلولکرد د. 

 ش Connexin-43بکرای پکرشتیین   هکا   سکلول هکای کاردیوایوسکیت تنایسیافتکه از ایکن      بیان کرد د. سکلول 
troponin T2 (TNNT2)    اوبت بود کد. هنچنکینmRNA  ،Connexin-43،Connexin-40 ،Alpha actinin، 

Tropomyosin1  شTNNT2 گردید.های تنایسی بیان  در سطح بالایج در سلول 
 

هککای بنیککادی اشککتق از خککون قاعککدگج، ینعیککت سککلوسج  هککای اککا سککلول براسککاس داده گاااط : وااجااٍ

هکای   طور اعنول، به سکلول  هایج که به هایج با شیژگج فردی هستند که توا ایج تنایس به سلول انحصربه
 شود دار د.   کاردیوایوسیت  سبت داده اج

 
 کاردیوایوسیت، تنایس خون قاعدگج، سلول بنیادی، کلاد :ياژگبن 
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 قدتٍت

اصخّٕٝ ٔـىلاس٣ وٝ أشٚصٜ خبٔؼ١ ا٘ؼب٣٘ ثب آٖ 
ػشٚل٣ اػز.  ٞب٢ لّج٣ ٔٛاخٝ اػز، ث٥ٕبس٢

٥ٔشٛص٢  ٞب٢ دغ ٞب٢ لّج٣، ػَّٛ وبسد٥ٔٛ٤ٛػ٥ز
ثبؿٙذ وٝ ثؼذ اص سِٛذ سٛا٘ب٣٤ سىث٥ش خٛد سا اص دػز  ٣ٔ
ٞب  دٞٙذ. ثؼذ اص ٚلٛع ػىش١ لّج٣، وبسد٥ٔٛ٤ٛػ٥ز ٣ٔ

ٞب٢ غ٥شا٘مجبه٣  ػَّٛٚػ١ّ٥  ٘ىشٚصٜ ٌـشٝ ٚ ثٝ
ف٥جشٚثلاػش٣ خب٤ٍض٤ٗ ؿذٜ ٚ دس ٔحُ آػ٥ت، ثبفز 

(؛ ِزا ٤بفشٗ ٔخضٖ ػ٣ِّٛ 1-4ٌشدد ) اػىبس سـى٥ُ ٣ٔ
دسدػششع وٝ ثشٛا٘ذ دس كٛسر ٥٘بص، ثٝ وبسد٥ٔٛ٤ٛػ٥ز 

د٤ذٜ سضس٤ك  ٤ب ثبفز لّج٣ ٔشٕب٤ض ؿٛ٘ذ ٚ ثٝ ٔحُ آػ٥ت
ساٖ ٤ب د٥ٛ٘ذ ؿٛ٘ذ، سح٣ِٛ ؿٍشف سا دس دسٔبٖ ا٤ٗ ث٥ٕب

ثٝ ٔب٥ٞز  اخ٥شاً ثبسٛخٝ(. 5،6فشاٞٓ خٛاٞذ ٕ٘ٛد )
دسٔب٣٘ دس  ٞب٢ ػَّٛ ٞب٢ ث٥ٙبد٢ اػشفبدٜ اص سٚؽ ػَّٛ

آَ  ٞب٢ لّج٣ ٌؼششؽ ٤بفشٝ اػز. ٤ه ٔٙجغ ا٤ذٜ ث٥ٕبس٢
ٞب٢ لّج٣،  ٞب٢ ث٥ٙبد٢ ٔٛسداػشفبدٜ دس ث٥ٕبس٢ ثشا٢ ػَّٛ

ٞب٢ خبف ٕٞچٖٛ ساحش٣ دس  ثب٤ذ داسا٢ ٤ٚظ٣ٌ
ٞب٢  سحش٤ه دبػخ ٞب، أىبٖ سىث٥ش، ػذْ آٚس٢ ػَّٛ خٕغ

ا٣ٕٙ٤، ٔمبٚٔز دس ٔمبثُ ؿشا٤ي ا٤ؼى٥ٕه ٚ سٛا٘ب٣٤ 
ٞب٢ داسا٢ ػّٕىشد لّج٣ ثبؿذ. ٔشأػفب٘ٝ  سٕب٤ض ثٝ ػَّٛ

دسٔب٣٘ دس  ٞٙٛص ٔٙجغ ثؼ٥بس ٔٙبػج٣ ثشا٢ ػَّٛ
ٞب٢ لّج٣ ؿٙبخشٝ ٘ـذٜ اػز. دس حبَ حبهش،  ث٥ٕبس٢

سش٤ٗ ٔٙجغ  ٔشذاَٚ سش٤ٗ ٚ ٔغض اػشخٛاٖ ا٘ؼبٖ دسدػششع
(. ٥ِىٗ دس اػشفبدٜ اص 7ثبؿذ ) ٞب٢ ث٥ٙبد٤ٗ ثبِغ ٣ٔ ػَّٛ

سٚ ٞؼش٥ٓ وٝ اص ث٥ٗ  ٞب ٥٘ض ثب ٔـىلاس٣ سٚثٝ ا٤ٗ ػَّٛ
ثٛدٖ سٚؽ  دػششػ٣ آػبٖ، سٟبخ٣ٕ ٞب ثٝ ػذْ آٖ

ثٛدٖ ظشف٥ز دشب٘ؼ٥ُ سىث٥ش٢  ٥ٌش٢ ٚ دب٥٤ٗ ٕ٘ٛ٘ٝ
٥بد٤ٗ ٞب٢ ثٙ ٞب٢ ث٥ٙبد٤ٗ ثبِغ دس ٔمب٤ؼٝ ثب ػَّٛ ػَّٛ

حبهش  حبَ سٛاٖ اؿبسٜ وشد؛ ثٙبثشا٤ٗ، دس خ٣ٙ٥ٙ ٣ٔ
ٞب٢ ث٥ٙبد٤ٗ ٥٘بص  ثٝ اٞذاف ثب٣ٙ٥ِ اػشفبدٜ اص ػَّٛ ثبسٛخٝ

ٞب٢  ٞب٢ ث٥ٙبد٤ٗ وٝ ٔحذٚد٤ز ثٝ ٔٙجؼ٣ اص ػَّٛ
(. اخ٥شاً ٔـخق 8روشؿذٜ سا ثشًشف ػبصد ٚخٛد داسد )

فشد٢ اص  ؿذٜ وٝ خٖٛ لبػذ٣ٌ ؿبُٔ خٕؼ٥ز ٔٙحلشثٝ
ٞب٢ ث٥ٙبد٤ٗ ثبِغ،  خلٛك٥بس٣ ٔـبثٝ ثب ػَّٛ ٞب ثب ػَّٛ
ٞب٢ ث٥ٙبد٢ ٔـشك اص خٖٛ لبػذ٣ٌ  ػٙٛاٖ ػَّٛ سحز

(. سٛا٘ب٣٤ ثبلا٢ سش٥ٔٓ ثبفز ا٘ذٚٔشش سحٓ 9،10اػز )
ا٘ؼبٖ دس ػ٥ىُ سىث٥ش ػ٣ِّٛ، سٕب٤ض ٚ س٤ضؽ ثبفز 
ا٘ذٚٔشش ٤ه ٔذسن سٚؿٗ ثشا٢ حٕب٤ز اص ا٤ٗ فشه٥ٝ 

اص خٖٛ لبػذ٣ٌ  ٞب٢ ث٥ٙبد٢ ٔـشك (. ػ11َّٛاػز )
ٔذر ٚ سؿذ ثؼ٥بس ثبلاسش٢  سٛا٘ب٣٤ خٛدسدذ٤ذ٢ ًٛلا٣٘

ٞب٢ ث٥ٙبد٢ ٔضا٘ـ٣ٕ٥ ٔـشك اص  سا دس ٔمب٤ؼٝ ثب ػَّٛ
ػلاٜٚ س٤ؼه  ثٝدٞٙذ؛  خٖٛ ثٙذ ٘بف ٘ـبٖ ٣ٔ

ٞب٢ وبس٤ٛس٥ذ٣ ٚ سٛا٘ب٣٤ سـى٥ُ سٛٔٛس ا٤ٗ  ٘بٞٙدبس٢
ٌٔبِؼبر لج٣ّ ٔب ٘ـبٖ  (.12،13ٞب ثؼ٥بس وٓ اػز ) ػَّٛ

ٞب٢  ٞب ٔٛسفِٛٛط٣٤ ؿج٥ٝ ثٝ ػَّٛ وٝ ا٤ٗ ػَّٛ داد
ٞب٢  ٔضا٘ـ٣ٕ٥ داس٘ذ، أب ػلاٜٚ ثش ث٥بٖ ٔبسوشٞب٢ ػَّٛ

ٞب٢ ث٥ٙبد٢  اص ٔبسوشٞب٢ ػَّٛ  ث٥ٙبد٢ ٔضا٘ـ٣ٕ٥ ثشخ٣
ػلاٜٚ ٔب ٘ـبٖ  وٙٙذ؛ ثٝ سا ٥٘ض ث٥بٖ ٣ٔ OCT-4خ٣ٙ٥ٙ ٔثُ 

ٚ  immunomodulatoryٞب فؼب٥ِز  داد٤ٓ وٝ ا٤ٗ ػَّٛ
ٞب٢ ػ٣ِّٛ ٔثُ  ٕب٤ض ثٝ ثشخ٣ اص سدٜسٛا٘ب٣٤ س

-18اػشئٛثلاػز، وٙذسٚػ٥ز ٚ ٞذبسٛػ٥ز سا داس٘ذ )
فشاٚا٣٘ ٚ دػششػ٣ آػبٖ ٚ ٞب ٕٞچ٥ٙٗ  ا٤ٗ ٤ٚظ٣ٌ (.14

٥ٌش٢ خٖٛ لبػذ٣ٌ سا  ثٛدٖ سٚؽ ٕ٘ٛ٘ٝ غ٥شسٟبخ٣ٕ
ػٙٛاٖ ٤ه ٔٙجغ ػَّٛ ث٥ٙبد٢ ٔٙبػت خٟز  ثٝ

وٙذ.  دسٔب٣٘ ٚ ٟٔٙذػ٣ ثبفز لّت ٔؼشف٣ ٣ٔ ػَّٛ
ٞب٢ ث٥ٙبد٢ سٕب٤ض٥٘بفشٝ وٝ  وٝ ٕٔىٗ اػز ػَّٛ صآ٘دب٣٤ا

خٛد٢، ثٝ چٙذ٤ٗ  ًٛس خٛدثٝ ؿٛ٘ذ، ثٝ ثٝ ثذٖ د٥ٛ٘ذ ٣ٔ
ٞب٢  سدٜ ػ٣ِّٛ ٔشٕب٤ض ؿٛ٘ذ، ثذ٣ٟ٤ اػز سٕب٤ض ػَّٛ

ٞب٢ ؿج٥ٝ وبسد٥ٔٛ٤ٛػ٥ز دس ٔح٥ي  ث٥ٙبد٢ ثٝ ػَّٛ
سٛا٘ذ ٘شب٤ح ثٟشش٢ سا دس سش٥ٔٓ  وـز لجُ اص د٥ٛ٘ذ ٣ٔ

ثبصٌـز ػّٕىشد لّت داؿشٝ ثبؿذ. دس ا٤ٗ ثبفز لّج٣ ٚ 
ص٥ٔٙٝ چٙذ٤ٗ فبوشٛس سؿذ ؿبُٔ فبوشٛسٞب٢ سؿذ 

transforming-growth-factor-β1(TGF-β1)،platelet- derived 

growth factor(PDGF) ، basic-fibroblast growth- factor 

(bFGF)  ُ5ٕٞچ٥ٙٗ سشو٥جبر ؿ٥ٕ٥ب٣٤ اص لج٥-azacytidine ،
retinoic acid  ٚdimethylsulfoxide (DMSO)  ثشا٢ اِمب٢

ٞب٢ ث٥ٙبد٢  سٕب٤ض وبسد٥ٔٛ٤ٛػ٥ش٣ ا٘ٛاػ٣ اص ػَّٛ
(. ٌٔبِؼبر اخ٥ش ؿٛاٞذ٢ سا 22-19ا٘ذ ) اػشفبدٜ ؿذٜ

ٞب٢ ٔـشك اص خٖٛ لبػذ٣ٌ  ثشا٢ دشب٘ؼ٥ُ سٕب٤ض٢ ػَّٛ
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ٞب٢ وبسد٥ٔٛ٤ٛػ٥ز خ٣ٙ٥ٙ ٔٛؽ ٚ  وـش٣ ثب ػَّٛ دس ٞٓ
ٕٞشاٜ ٌّٛسبٔبوغ ٘ـبٖ داد٘ذ ثٝ  azacytidine-5اػشفبدٜ اص 

ٞب ثٝ  (. اًلاػبر و٣ٕ دسثبس٠ سٕب٤ض ا٤ٗ ػ23َّٛٚ  12)
ٞب  وبسد٥ٔٛ٤ٛػ٥ز دس حوٛس فبوشٛسٞب٢ سؿذ ٚ ػ٥شٛو٥ٗ

دس ٔح٥ي وـز ٚخٛد داسد. ٞذف اك٣ّ اص ٌٔبِؼ١ 
حبهش ٤بفشٗ سشو٥ج٣ اص فبوشٛسٞب٢ سؿذ ٔٙبػت ثشا٢ 

ص خٖٛ ٞب٢ ث٥ٙبد٢ ٔـشك ا سٕب٤ض وبسد٥ٔٛ٤ٛػ٥ش٣ ػَّٛ
لبػذ٣ٌ ثٛد. ثشا٢ سػ٥ذٖ ثٝ ا٤ٗ ٞذف، دٚ فبوشٛس ٟٔٓ 

دس  Azacytidin  ٚbFGF-5دس٥ٌش دس سٕب٤ض وبسد٥ٔٛ٤ٛػ٥ش٣ 
سشو٥ت ثب دسكذ و٣ٕ اص ػشْ دس ٔح٥ي وـز اػشفبدٜ 

 ٌشد٤ذ.

 

 َب تًا  ي ريش

َب  بىاب   تقاز از خًن  . جداسبز  ي کقت سلًل1

 قبعدگی اوسبن

ٞب٢ ػبِٓ ثب  ٣ٌ اص خب٘ٓافشاد اٞذاوٙٙذ٠ خٖٛ لبػذ
ػبَ ا٘شخبة ؿذ٘ذ. سٕبْ  36سب  22ٔشٛػي ػٗ ث٥ٗ 

اٞذاوٙٙذٌبٖ فشْ سهب٤شٙب١ٔ سأ٥٤ذؿذٜ سٛػي و٥ٕش١ 
ٞب٢ ٤ٛ٘ٗ ػّْٛ  اخلاق دضؿى٣ دظٚٞـٍبٜ فٙبٚس٢

ػ٥ٙب ثب ؿٕبس٠ سأ٥٤ذ١٤  دضؿى٣ خٟبد دا٘ـٍب٣ٞ اثٗ
ٜ اص ٥ِشش خٖٛ لبػذ٣ٌ ثب اػشفبد ٣ّ٥ٔ 5 سا أوب وشد٘ذ. 2754/89

 ٤Divacup (Diva International Co, Lunette, Finland)ه 
آٚس٢ ؿذ.  اػشش٤ُ دس سٚص دْٚ ػ٥ىُ لبػذ٣ٌ خٕغ

ؿذٜ ثٝ ٤ه ١ِِٛ فبِىٖٛ اػشش٤ُ ؿبُٔ  آٚس٢ خٖٛ خٕغ
 ٥ِfungizone (Gibco,UK) ،100شش  ٌشْ / ٣ّ٥ٔ ٣ّ٥ٔ 5/2

٥ِشش  ٚاحذ/ ٣ّ٥ٔ ٥ِ100شش اػششدشٛٔب٤ؼ٥ٗ،  ٌشْ / ٣ّ٥ٔ ٣ّ٥ٔ
 5/0ٚ  (Sigma-Aldrich, St. Louis, MO, USA)ػ٥ّ٥ٗ ٣ٙد

 phosphate bufferedدس  EDTA (Gibco)ٔٛلاس  ٣ّ٥ٔ

saline(PBS) َّٛا٢ ثب اػشفبدٜ  ٞؼشٝ ٞب٢ سه ٔٙشمُ ؿذ. ػ
 ,Ficoll-Hypaque (GE-Healthcareاص ٌشاد٤بٖ غّظز 

Uppsala, Sweden)  5خذا ؿذ٘ذ. ثذ٤ٗ سشس٥ت وٝ ٔمذاس 
٥ِشش٢  ٣ّ٥ٔ 15ب٤ىَٛ دس ٤ه ١ِِٛ فبِىٖٛ ٥ِشش ف ٣ّ٥ٔ

ؿذٜ،  آٚس٢ حدٓ آٖ اص خٖٛ خٕغ ػذغ ٞٓ  س٤خشٝ ؿذ، 
ٔذر ث٥ؼز دل٥مٝ ثب دٚس  آسا٣ٔ ثٝ آٖ اهبفٝ ٌـشٝ ٚ ثٝ ثٝ
g600  ٝػب٘شش٤ف٥ٛط ؿذ. دغ اص اسٕبْ ػب٘شش٤ف٥ٛط، چٟبس لا٤

ٞب٢  ا٘ذ اص: ٌّجَٛ خذا ؿذ وٝ اص دب٥٤ٗ ثٝ ثبلا ػجبسر
ا٢ ٚ دلاػٕب.  ٞؼشٝ ٞب٢ سه حّم١ ػَّٛ لشٔض، فب٤ىَٛ،

ا٢  ٞؼشٝ ٞب٢ سه دغ اص اسٕبْ ػب٘شش٤ف٥ٛط، لا١٤ ػَّٛ
ٔذر دٙح  ثٝ PBSآٚس٢ ؿذ٘ذ ٚ ػٝ ثبس ثب  آسا٣ٔ خٕغ ثٝ

ٞب٢  ػب٘شش٤ف٥ٛط ٚ ؿؼشٝ ؿذ٘ذ. ػَّٛ g450دل٥مٝ ثب دٚس 
حب٢ٚ  cm225  ا٢ ثٝ داخُ فلاػه وـز ٞؼشٝ سه

 s Medium/Nutrient Mixture F12-Ham’ٔح٥ي وـز 

Dulbecco’s Modified Eagle 
 (DMEM-F12) ٚ15دسكذ Fetal bovine serum (FBS) 

ٞب دس دٔب٢  ٔٙشمُ ؿذ٘ذ. ػذغ فلاػه (Sigma)ٞش دٚ اص 
C37 ٚ 5 دسكذCO2  دس ا٘ىٛثبسٛس ا٘ىٛثٝ ٌشد٤ذ٘ذ. دغ
ثٝ  ػبػز ا٘ىٛثبػ٥ٖٛ ٔح٥ي س٣٤ٚ سؼ٤ٛن ؿذٜ ٚ 24اص 

 ٠چؼجٙذ٣ٌ داس٘ذ، اخبص ٞب٢ ث٥ٙبد٢ وٝ خبك٥ز ػَّٛ
ٞب دٚ ثبس دس ٞفشٝ، سؼ٤ٛن ٔح٥ي  ػَّٛ سؿذ دادٜ ؿذ.

ٞب سا دش  دسكذ فلاػه90ا٣ِ  80دغ اص آ٘ىٝ  ؿذٜ ٚ
دبػبط دادٜ  Trypsin/EDTA (Gibco)وشد٘ذ ثب اػشفبدٜ اص 

  (.14ؿذ٘ذ )

َب  بىاب یه بب ريش  . تعااه تبرکطَب  سغحی سلًل2

 فلًسبیاًتاط 

ٔـشك اص  ٞب٢ ث٥ٙبد٢ ب٥ٞز ػَّٛٔٙظٛس ثشسػ٣ ٔ ثٝ
ٞب٢ ػٌح  طٖ خٖٛ لبػذ٣ٌ دسكذ ث٥بٖ سؼذاد٢ اص آ٘ش٣

، CD10 ،STRO1 ،CD9ػ٣ِّٛ ث٥ٙبد٢ ٔضا٘ـ٣ٕ٥ ٘ظ٥ش
CD29 ،CD73 ،CD44 ٚCD105  ُثشخ٣ ٔبسوشٞب٢ داخ ٚ

دس  OCT-4 ٞب٢ ث٥ٙبد٢ خ٣ٙ٥ٙ ٘ظ٥ش ػ٣ِّٛ ٔشسجي ثب ػَّٛ
سٚؽ  ثب 5سب  3ؿذٜ دس دبػبط  دادٜ ٞب٢ وـز ػَّٛ

ٔٙظٛس ثشسػ٣  فّٛػب٤شٛٔشش٢ اسص٤بث٣ ؿذ٘ذ. ٕٞچ٥ٙٗ ثٝ
ٞب٢ ٕٞبسٛدٛئش٥ه، ث٥بٖ ٔبسوشٞب٢  آِٛد٣ٌ ػَّٛ ػذْ

ٚ  CD34 ،CD38 ،CD133ٞب ٘ظ٥ش  اخشلبك٣ ا٤ٗ ػَّٛ
CD45 َّٛؿذٜ ٔٛسد ثشسػ٣ لشاس  دادٜ ٞب٢ وـز دس ػ

ٞب  اثشذا ػَّٛخٟز ا٘دبْ فّٛػب٤شٛٔشش٢، ٌشفز. 
ػَّٛ  ١ِٛ105 سؼز ٞشوذاْ سش٤ذؼ٥ٙٝ ؿذ٘ذ ٚ دس ِ

ػب٘شش٤ف٥ٛط  g200دس دٚس  ٔذر ٞفز دل٥مٝ س٤خشٝ ٚ ثٝ
حُ ؿذٜ ٚ  PBS-FBS دسكذ2ؿذ. سػٛة خذاؿذٜ دس 

ًٛس خذاٌب٘ٝ ثب  ٞب ثٝ ػٝ ثبس ؿؼشٝ ؿذ٘ذ. ػذغ ػَّٛ
 mouse anti( وب٘ظٌٚٝ PEٞب٢ ٔٛ٘ٛوّٛ٘بَ ) ثبد٢ آ٘ش٣
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human :CD29(clone 04-MAR; BD Pharmingen) ،
CD73(cloneAD2; BD Pharmingen)، CD44 (clone515; BD 

Pharmingen) ،CD133 (clone TMP4; eBioscience) ،clone 

HI10a) CD10 
BD Pharmingen)،CD146(clone P1H12; BD 

Pharmingen) ، CD105 (clone 43A3; BioLegend) ٚ ((FITC 
 mouse anti human (CD34 (clone 581; BD: وب٘ظٌٚٝ 

Pharmingen 
CD38 (clone HIT2; BD Pharmingen) ، CD45 (clone 

HI30; BD Pharminggen)  دل٥مٝ دس سبس٤ى٣  40ثشا٢
ثبد٢  آ٥ٔض٢ غ٥شٔؼشم٥ٓ ثب آ٘ش٣ ثشا٢ سً٘ا٘ىٛثٝ ؿذ٘ذ. 

 ٪2ٞب ثب  ٚؿ٢ٛ ػَّٛ دغ اص ؿؼز STRO1غ٥شوٙظٌٚٝ 
PBS-FBS َّٛدل٥مٝ ثب 40ٔذر  ٞب ثٝ ػ mouse anti human 

STRO1(clone STRO-1; R&D Systems)  ا٘ىٛثٝ ؿذ٘ذ. دغ
ؿؼشٝ ٚ ثب  PBS-FBS ٪2اص ا٤ٗ ٔذر، دٚ ثبس ثب 

 FITC-conjugated sheep anti mouseثبد٢ ثب٤ٛ٘ٝ  آ٘ش٣
(Aviccena Research Institute) ٝدل٥مٝ ا٘ىٛثٝ  30ٔذر ث

ثبد٢ داخُ  ٞب ثب آ٘ش٣ آ٥ٔض٢ ػَّٛ دس ٔٛسد سً٘ .ؿذ٘ذ
،  PBSٞب ثب ؿ٢ٛ ػَّٛٚ دغ اص ؿؼز OCT-4ػ٣ِّٛ 

ف٥ىغ ؿذ٘ذ. دغ  ٪4دل٥مٝ دس فشْ آِذ٥ٞذ  10ٔذر  ثٝ
ٔٙظٛس افضا٤ؾ  ؿؼشٝ ٚ ثٝ PBSٞب ثب  اص ا٤ٗ ٔذر، ػَّٛ

ثبد٢ دس ػَّٛ سػٛة ػ٣ِّٛ دس  ٘فٛردز٤ش٢ آ٘ش٣
ػب٘شش٤ف٥ٛط  g200دل٥مٝ دس دٚس  7حُ ٚ  ٪/.1ػبد٥٘ٛٗ 

 ثبد٢ دل٥مٝ ثب آ٘ش٣ 40ٔذر  ٞب ثٝ ؿذ. ػذغ ػَّٛ

 rabbit anti-human OCT-4 (Abcam)وّٛ٘بَ غ٥شوٙظٌٚٝ  د٣ّ
ثبس ثب ػبد٥٘ٛٗ  2ٞب  ا٘ىٛثٝ ؿذ٘ذ. دغ اص ا٤ٗ ٔذر، ػَّٛ

-FITCثبد٢ ثب٤ٛ٘ٝ  ؿؼشٝ ٚ ثب آ٘ش٣ g200دس دٚس  1/0٪

conjugated goat anti rabbit Ig (Sigma) ٝدل٥مٝ  30ٔذر  ث
ؿؼشٝ ٚ دس  PBSثبس ثب  3ٞب  ا٘ىٛثٝ ؿذ٘ذ. ػذغ ػَّٛ

 C4ف٥ىغ ٚ سب صٔبٖ آ٘ب٥ِض دس  ٪1حَّٛ فشْ آِذ٥ٞذ ٔ
ٞب ثب اػشفبدٜ اص دػشٍبٜ  لشاس دادٜ ؿذ٘ذ. آ٘ب٥ِض ٕ٘ٛ٘ٝ

٘ؼجز ثٝ ٤ه ا٤ضٚسب٤خ  Partec (Germany)فّٛػب٤شٛٔشش٢ 
 ا٘دبْ ؿذ. (clone MOPC-21;BD Pharmingen)وٙششَ 

َب  بىاب   تقاز از خًن قبعدگی بٍ  . تمبیز سلًل3

 اساخًان ي غضطيف ي چطبی  َب  سمت سلًل

ٞب٢ ث٥ٙبد٢  ثشا٢ ثشسػ٣ ث٥ـشش خلٛك٥بر ػَّٛ

ٞب ثٝ چشث٣ ٚ  سٛا٘ب٣٤ سٕب٤ض آٖ ،ٔـشك اص خٖٛ لبػذ٣ٌ
اػشخٛاٖ ٚ غوشٚف لجُ اص اسص٤بث٣ سٛاٖ سٕب٤ض٢ ا٤ٗ 

دس  ٞب٢ وبسد٥ٔٛ٤ٛػ٥ز ثشسػ٣ ٌشد٤ذ. ٞب ثٝ ػَّٛ ػَّٛ
٥ي ٚػ١ّ٥ ٔح ٞب ثٝ ساػشب٢ سٕب٤ض ثٝ اػشخٛاٖ، ػَّٛ

DMEM 1 ٕٞشاٜ ثب٪ FBS (Gibco) ،1/0  َٛٔٚ٥ٔىش
 ٥ٌّ50ؼشٚفؼفبر ٚ -٥ٔىشَٚٔٛ ثشب 10دٌضأشبصٖٚ،

س٥ٕبس  (Sigma)٥ٔىشَٚٔٛ آػىٛسثبر فؼفبر ٣ٍٕٞ اص 
ٚػ١ّ٥  ؿذٜ، ثٝ دادٜ ٞب٢ وـز ثؼذ اص دٚ ٞفشٝ ػَّٛ ؿذ٘ذ.
 آ٥ٔض٢ آ٥ٔض٢ اخشلبك٣ ثشا٢ وّؼ٥ٓ ثب و٥ز سً٘ سً٘

Alizarin red (Sigma)  ٝثشسػ٣ ؿذ٘ذ. ثشا٢ سٕب٤ض ث
 FBSدسكذ 2ٞب ثب ٔح٣ٌ٥ حب٢ٚ  غوشٚف ػَّٛ

(Gibco) ،100 ٥ِ20شش ػذ٤ٓ د٥شٚٚار، ٥ٔىشٌٚشْ/٣ّ٥ٔ 
، ٥ِBMP 6شش  ٘بٌ٘ٛشْ /٣ّ٥ٔ ٥ِTGF β3 ،50شش  ٘بٌ٘ٛشْ /٣ّ٥ٔ

 Premix1X ITS+1ٚ50٘بَ٘ٛٔٛ دٌضأشبصٖٚ  100

س٥ٕبس  (Sigma)٥ِشش آػىٛسث٥ه اػ٥ذ  ٥ٔىشٌٚشْ/٣ّ٥ٔ
ؿذ٘ذ. ٔح٥ي وـز دٚ ثبس دس ٞفشٝ سؼ٤ٛن ؿذ ٚ سٕب٤ض 

آ٥ٔض٢ ا٤ٕٛ٘ٛفّٛسػٙز ثشا٢  ٚػ١ّ٥ سً٘ ثٝ غوشٚف ثٝ
ٞب ثب  ًٛس خلاكٝ، ٕ٘ٛ٘ٝ ثشسػ٣ ٌشد٤ذ. ثٝ IIولاطٖ ٘ٛع 

دل٥مٝ ٘فٛردز٤ش ؿذ٘ذ ٚ  20ثشا٢  -X 100سش٤شٖٛ 4/0٪
 mouseثبد٢ ٔٛ٘ٛوّٛ٘بَ ثب آ٘ش٣ C4°ثشا٢ ٤ه ؿت، دس 

anti-human Collagen type II (clone 5B2.5, 1:500; Abcam) 
-FITC-labeled goat antiٞب ثب  ا٘ىٛثٝ ؿذ٘ذ. ػذغ ػَّٛ

mouse IgG (Abcam)  دس°C37 دل٥مٝ دس سبس٤ى٣  45ثشا٢
ثشا٢  DAPI ((Sigmaٞب ثب  ا٘ىٛثٝ ؿذ٘ذ. ػذغ ػَّٛ

ٞب ا٘ىٛثٝ ٌشد٤ذ٘ذ ٚ ثب ٤ه  آ٥ٔض٢ ٞؼشٝ سً٘
 ,Olympus BX51microscope)٥ٔىشٚػىٛح فّٛسػٙز 

Tokyo, Japan) َٔشلُ ثٝ دٚسث٥ٗ د٤د٥شب (Olympus 

DP71, Tokyo, Japan)  ٔـبٞذٜ ؿذ٘ذ. ثشا٢ سٕب٤ض ثٝ چشث٣
ٔٛلاس  ٣ّ٥ٔ FBS ،1 ٪10حب٢ٚ  DMEMٞب ثب ٔح٥ي  ػَّٛ

 5/0ا٘ؼ٥ِٛٗ،  ٥ِشش ٌشْ/٣ّ٥ٔ ٣ّ٥ٔ 10دٌضأشبصٖٚ ،
 200صا٘ش٥ٙ٥ٙذ ٚ-ٔش٥ُ-1-ا٤ضٚثٛس٥ُ-3ٔٛلاس  ٣ّ٥ٔ

ٞفشٝ  2ثشا٢  (Sigma)ٔٛلاس ا٤ٙذٚٔشبػ٥ٗ ٣ٍٕٞ اص  ٥ٔ٣ّ
ٞب٢ سٕب٤ض٤بفشٝ ثٝ چشث٣ ثشا٢  س٥ٕبس ؿذ٘ذ. ػَّٛ

آ٥ٔض٢  ٞب٢ چشث٣ ثب اػشفبدٜ اص سً٘ آ٥ٔض٢ ٚاوٛئُ سً٘
Oil red O (Sigma)  سً٘ ؿذ٘ذ ٚ ػذغ ثب ٥ٔىشٚػىٛح
 ثشسػ٣ ٌشد٤ذ٘ذ. (Olympus CKX41, USA)ٔؼىٛع 
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تقاز از خًن قبعدگی بٍ  َب  بىاب   . تمبیز سلًل4

 َب  کبر یًتاًسات  سمت سلًل

ٞب٢ ث٥ٙبد٢ ٔـشك اص خٖٛ لبػذ٣ٌ  ثشا٢ سٕب٤ض ػَّٛ
 دْٚ دبػبطٞب٢ وبسد٥ٔٛ٤ٛػ٥ز اص  ثٝ ػٕز ػَّٛ

 اص دغ وٝ ثذ٤ٗ كٛسر ؿذ. ٌشفشٝ ثٟشٜ ث٥ٙبد٢ ٞب٢ ػَّٛ

 دس ػ٣ِّٛ وٝ سشاوٓ ٍٞٙب٣ٔ ػ٣ِّٛ، دبػبط ا٘دبْ

دسكذ طلاس٥ٗ )اص دٛػز 1/0ٞب٢ دٛؿب٘ذٜ ؿذٜ ثب  د٥ّز
 ٔح٥ي وـز سػ٥ذ، دسكذ80 سب 70 ثٝ (sigma)خٛن( 

 وـز ثب ٔح٥ي ٚ ؿذٜ خبسج وـز ٞب٢ ظشف اص ػبد٢

ٔذر دٚ  ٞب ثٝ سؼ٤ٛن ٌشد٤ذ. ثذ٤ٗ ٔٙظٛس، ػَّٛ سٕب٤ض٢
 (sigma)آصاػب٤ش٥ذ٤ٗ  -5ٔب٤ىشَٚٔٛ  10سٚص، دس ٔؼشم

 (sigma)ف٥جشٚثلاػش٣  سؿذ ٥ِشش فبوشٛس ٘بٌ٘ٛشْ/٣ّ٥ٔ 10ٚ
ٞب ثشداؿشٝ ؿذ ٚ  ثؼذ اص آٖ ٔح٥ي ػَّٛ .لشاس ٌشفشٙذ

ٚؿٛ دادٜ ؿذ٘ذ سب ا٤ٙىٝ ٥ٞچ  ؿؼز PBSٞب وبٔلاً ثب  ػَّٛ
آصاػب٤ش٥ذ٤ٗ دس ٔح٥ي ثبل٣ ٕ٘ب٘ذ.  -5ٌٛ٘ٝ اثش٢ اص 

ٞفشٝ دس ٔؼشم ٔح٥ي  3ٔذر  ٞب ثٝ ػذغ ػَّٛ
ف٥جشٚثلاػش٣ ٚ  سؿذ ٥ِشش فبوشٛس ٘بٌ٘ٛشْ/٣ّ٥ٔ 10ٔحش٢ٛ

وـز دادٜ ؿذ٘ذ ٚ ٞش ػٝ سٚص ٤ه ثبس،  FBSدسكذ 5
 ٞب سؼ٤ٛن ٌشد٤ذ. ٔح٥ي وـز ػَّٛ

 آتاز  ایمىًفلًرسىت  . روگ5

ٞب٢ اخشلبك٣  خٟز آ٘ب٥ِض ث٥بٖ دشٚسئ٥ٗ
   Connexin-43  ٚTNNT2وبسد٥ٔٛ٤ٛػ٥ز اصخّٕٝ 

ؿذٜ دس ٔح٥ي سٕب٤ض٢ دس آخش٤ٗ  دادٜ ٞب٢ وـز ػَّٛ
٘ذ ٚ ٚؿٛ ؿذ اػشش٤ُ ٚ ٌشْ ؿؼز PBSسٚص سٕب٤ض، ثب 

ٔذر  ثٝ neutral-buffered formalin(NBF)ثؼذ دس ٔحَّٛ 
ٞب٢  دل٥مٝ، دس دٔب٢ اسبق سثج٥ز ؿذ٘ذ. ػَّٛ 15

 Polyclonalثبد٢ ا٥ِٚٝ  ٔذر ٤ه ؿت ثب آ٘ش٣ ؿذٜ ثٝ ف٥ىغ

TNNT2–Anti – (300 :1ٚ )Connexin -Anti -Polycolonal 

دسخٝ ا٘ىٛثٝ ؿذ٘ذ. ػذغ  4( دس دٔب٢ 1: 200) 43 
ٔذر  ٚؿٛ ؿذ٘ذ ٚ ػذغ ثٝ ؿؼز PBSثبس ثب  3ٞب  ػَّٛ

-FITC-labeled sheep antiدسخٝ ثب 37دل٥مٝ دس دٔب٢  45

mouse IgG (AvicennaResearch Institute)  .ا٘ىٛثٝ ؿذ٘ذ
-diamidino-2 6 ,4ٞب ثب  ػَّٛ PBSٚؿٛ ثب  ثؼذ اص ؿؼز

(100 :1 )(DAPI) phenylindole ً٘آ٥ٔض٢ ٞؼشٝ  ثشا٢ س
ٞب ثب ٥ٔىشٚػىٛح  ٚ ػذغ ػَّٛا٘ىٛثٝ ٌشد٤ذ٘ذ 

 ٔـبٞذٜ ؿذ٘ذ. (Olympus BX51)فّٛسػٙز 

َب   َب  اخاصبصی قلیی  ر سلًل . بطرسی بابن ژن6

  -Time PCR Realادٌ بب تکىاک  تمبیز ا ٌ

-Connexinا٢ٍِٛ ث٥بٖ ٔبسوشٞب٢ لّج٣ اص لج٥ُ 

43،Connexin-40 ،TNNT2 ،ACTN2  ،TMP1 َّٛٞب٢  دس ػ
ٞب٢ غ٥شسٕب٤ض٢ ثب اػشفبدٜ اص َ سٕب٤ض٢ ٘ؼجز ثٝ ػّٛ

qRT-PCR َّٛٞب٢ لّج٣ خذاؿذٜ اص  ثشسػ٣ ؿذ٘ذ. ػ
ػٙٛاٖ وٙششَ ٔثجز  ٞفشٝ( ثٝ 12سب  8ؿذٜ ) ٞب٢ ػمي خ٥ٙٗ

ػَّٛ سٕب٤ض٢ ٚ  105 × 2 ± 8وُ اص  RNAاػشفبدٜ ٌشد٤ذ. 
 ,RNEasy (Qiagen, CAغ٥شسٕب٤ض٢ ثب اػشفبدٜ اص و٥ز 

USA)  اػشخشاج ٌشد٤ذ. ثشا٢ ػبخزcDNA اصRNA 
 ,I DNAse (Fermentas Inc, MDٔب٤ىش٥ِٚشش  1س٥ٕبسؿذٜ ثب 

USA) ،1  ٔب٤ىش٣ِٚSuperScriptTM II Reverse 

Transcriptase (200 U) (Life Technologies, CA, USA) ،4 
 dNTPد٥ىَٛٔٛ  5X First Strand buffer،20ٔب٤ىش٥ِٚشش 

Mix،20 َٛٔٛد٥ىN6 Random-Hexamer، 2  ٥ٔىش٥ِٚشش
Dithiothreitol (0.1M) ٚ1  ٔب٤ىش٥ِٚششRiboLockTM RNase 

inhibitor  ٣ٍٕٞ اص(Fermentas Inc)  دس سشٔٛػب٤ىّش
(Eppendorf, Germany) دس°C 25  دل٥مٝ، 10ثشا٢°C 42 

دل٥مٝ اػشفبدٜ ؿذ. ػذغ  15ثشا٢  C70°دل٥مٝ ٚ  50ثشا٢ 
 (x ٔب٤ىش٥ِٚشش 5ٔب٤ىشٌٚشْ( ثب 1) cDNAٔب٤ىش٥ِٚشش اص  1

2 )SYBR® Premix Ex Taq™ (Takara Bio Inc, Japan) ،
( ثب 1د٥ى٣ِٛٔٛ )خذَٚ  10ٔب٤ىش٥ِٚشش اص ٞش دشا٤ٕش  2/0
ٔب٤ىش٥ِٚشش آة ٔمٌش دٚثبس سم٥ٌش اػشش٤ُ ٔخّٛى  6/3

 Rotorدس دػشٍبٜ  qRT-PCRٌشد٤ذ ٚ دسٟ٘ب٤ز ٚاوٙؾ 

gene Q Real Time PCR(USA)  ٖا٘دبْ ؿذ. دس هٕٗ ث٥ب
 وٙششَ داخ٣ّ اػشفبدٜ ؿذ. ػٙٛاٖ ثٝ GAPDHطٖ 

 . تحلال آتبر 7

ٞب٢  ٚسح٥ُّ آٔبس٢ ٘شب٤ح ث٥بٖ طٖ دس ػَّٛ سدض٤ٝ
 Timeٞب٢ غ٥شسٕب٤ض٢ ثب سى٥ٙه  سٕب٤ض٢ ٘ؼجز ثٝ ػَّٛ

PCR Real- ْ24افضاس ثب اػشفبدٜ ثب دٚ ٘ش
)11 Ling Reg PCR 

(Version  ٚREST- 2009  .ا٘دبْ ؿذ 
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َب   بٍ سلًل َب  بىاب   تقاز از خًن قبعدگی بطرسى تمبیز سلًل ادٌ بطا  پطایمطَب  اسافب ٌ . تًالی1 جديل

 ایاٍ بٍ کبر یًتاًسات.

 
 TPM1: Tropomyosin alpha-1 chain ,ACTN2: Actinin, alpha 2,TNNT2: Troponin T type 2, GAPDH: Glyceraldehyde 3-
phosphate dehydrogenase. 

 

 وابیج

َب  بىاب   تقاز از خًن  لًل. ارزیببی خصًصابت س1

 ادٌ  ا ٌ قبعدگی کقت

ا٣ِ  8ػ٣ خٖٛ لبػذ٣ٌ  ػ٣ 5ًٛس ٥ٔب٥ٍ٘ٗ اص ٞش  ثٝ
ا٢ خذا ٌشد٤ذ وٝ ا٤ٗ سؼذاد  ٞؼشٝ ٥ّ٥ٖٔٛ ػَّٛ سه 10
دسكذ اص ا٤ٗ سؼذاد 5سمؼ٥ٓ ؿذ. حذٚد  75فلاػه  3دس 

ٞب٢ ث٥ٙبد٢  دٞٙذ. ػَّٛ ٞب٢ ث٥ٙبد٢ سـى٥ُ ٣ٔ سا ػَّٛ
سٚص، ثٝ وف فلاػه  ٤ه ؿجب٘ٝ خٖٛ لبػذ٣ٌ دغ اص

ٞب لبدس ثٝ سـى٥ُ و٣ّٙ ثٛدٜ ٚ دغ  چؼجٙذ. ا٤ٗ ػَّٛ ٣ٔ
ؿٛ٘ذ ٚ ظبٞش٢  سش ٣ٔ اص ٤ه ا٣ِ دٚ ثبس دبػبط، وـ٥ذٜ

ا٣ِ  70ثؼذ اص حذٚد دٜ سٚص  وٙٙذ. ف٥جشٚثلاػش٣ د٥ذا ٣ٔ
ٞب٢  وٙٙذ. ػشػز سؿذ ػَّٛ دسكذ فلاػه سا دش 80٣ٔ

ًٛس٢ وٝ دغ اص  ثٝ ثبؿذ؛ ث٥ٙبد٢ خٖٛ لبػذ٣ٌ ػش٤غ ٣ٔ
سػ٥ذٖ ثٝ فبص ٍِبس٤ش٣ٕ سؿذ، ٥٘بص ثٝ دٚ ثبس دبػبط ا٤ٗ 

(. ٘شب٤ح آ٘ب٥ِض A-1)ؿىُ ثبؿذ ٞب دس ٞفشٝ ٣ٔ ػَّٛ
دٞذ وٝ دسكذ ث٥بٖ ٔبسوشٞب٢  فّٛػب٤شٛٔشش٢ ٘ـبٖ ٣ٔ

CD105 ،CD29 ،CD44 ،CD73 ،CD9  ٚCD10  دس
دسكذ، 95سشس٥ت  ٞب٢ ث٥ٙبد٢ خٖٛ لبػذ٣ٌ ثٝ ػَّٛ

دسكذ 97دسكذ، 98دسكذ، 99دسكذ، 99دسكذ، 99

ٞب٢ ث٥ٙبد٢ خٖٛ لبػذ٣ٌ لبدس  ثبؿذ. ٕٞچ٥ٙٗ ػَّٛ ٣ٔ
ثبؿٙذ. ا٤ٗ دس  دسكذ( 95٣ٔ) OCT-4سٛخٝ  ثٝ ث٥بٖ لبثُ

ٞب٢ ٕٞبسٛدٛئش٥ه  حب٣ِ اػز وٝ ٔبسوشٞب٢ ٤ٚظ٠ ػَّٛ
ٞب  دس ا٤ٗ ػَّٛ CD45 ،CD34 ،CD38  ٚCD133اصخّٕٝ 
ٞب٢ ث٥ٙبد٢  ٗ ػَّٛسٛخ٣ٟ ٘ـبٖ ٘ذاد٘ذ؛ ٕٞچ٥ٙ ث٥بٖ لبثُ

ثبؿٙذ  ٣ٕ٘ STRO1خٖٛ لبػذ٣ٌ، لبدس ثٝ ث٥بٖ ٔبسوش 
دٞٙذ٠ ٤ٚظ٣ٌ  (. ا٤ٗ ٘شب٤ح اص ٤ه ػٛ ٘ـبBٖ-1)ؿىُ

ٞب٢ ث٥ٙبد٢ خٖٛ لبػذ٣ٌ ٚ اص ػ٢ٛ  فشد ػَّٛ ٔٙحلشثٝ
ٞب٢ ث٥ٙبد٢ خٖٛ  د٤ٍش ٔؤ٤ذ و٥ف٥ز خذاػبص٢ ػَّٛ

ٞب٢ ٕٞبسٛدٛئ٥ش٥ه دس ٣ً  لبػذ٣ٌ ٚ حزف ػَّٛ
ٞب٢ اػششٚٔبَ اص خٖٛ لبػذ٣ٌ  خذاػبص٢ ػَّٛ

ٞب٢ وّؼ٣ٕ٥ وٝ ٘ـبٖ اص سٕب٤ض ثٝ  ثبؿذ. سدٕغ ٘ذَٚ ٣ٔ
ٞب٢  ثبؿذ دس ػَّٛ ٞب٢ اػشئٛثلاػش٣ ٣ٔ ػَّٛ

ٔـبٞذٜ  آ٥ِضاس٤ٗ سد آ٥ٔض٢ ؿذٜ ثب اػشفبدٜ اص سً٘ سٕب٤ضدادٜ
ٞب٢ سٕب٤ض٤بفشٝ ثٝ غوشٚف  ٌشد٤ذ. ػلاٜٚ ثش ا٤ٗ ػَّٛ

 Oilآ٥ٔض٢  وٝ سً٘ ب٣ِسا ث٥بٖ وشد٘ذ. دسح IIولاطٖ ٘ٛع 

red O َّٛ1ٞب٢ سٕب٤ض٤بفشٝ ثٝ چشث٣ ٔٙف٣ ثٛد )ؿىُ ػ- 
C.) 
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 َب  بىاب   تقاز از خًن قبعدگی. . خصًصابت ظبَط  سلًل1اکل
 Aَّٕٛ٘ب٣٤:  )ػٕز ساػز(، ثضسي 3ٞب٢ ث٥ٙبد٢ ٔـشك اص خٖٛ لبػذ٣ٌ دس وـز ا٥ِٚٝ )ػٕز چخ( ٚ دبػبط  . ٔٛسفِٛٛط٢ ػX 100، .B 

ٞب٢ ث٥ٙبد٢ ٔـشك اص خٖٛ لبػذ٣ٌ سٕب٤ض٤بفشٝ  ػَّٛ C.ٚػ١ّ٥ فّٛػب٤شٛٔشش٢،  ٞب٢ ث٥ٙبد٢ ٔـشك اص خٖٛ لبػذ٣ٌ ثٝ ا٤ٕٛ٘ٛفٙٛسب٤ذ٥ًٙ ػَّٛ ٕ٘ٛداس
 (III( ٚ چشث٣ )IIغوشٚف ) ( Iٚثٝ اػشخٛاٖ )

 
َب  بىاب   تقاز از خًن قبعدگی  . ارزیببی سلًل2

 َب  کبر یًتاًسات ادٌ بٍ سمت سلًل تمبیز ا ٌ

 ادٌ َب  تمبیز ا ٌ . بطرسی تًرفًلًژیکی سلًل2-1

ؿذٜ دس  دادٜ ٞب٢ وـز ٔٛسفِٛٛط٢ ظبٞش٢ ػَّٛ   
ٔح٥ي سٕب٤ض٢ دس ح٥ٗ سٕب٤ض ثب ٥ٔىشٚػىٛح فبص 

ؿى٣ّ   ٞب لجُ اص سٕب٤ض،  وٙششاػز ٔـبٞذٜ ؿذ. ا٤ٗ ػَّٛ
ؿج٥ٝ ف٥جشٚثلاػز داؿشٙذ. دس ح٥ٗ سٕب٤ض، ثؼذ اص 

ٞب ٔشد٘ذ ٚ  د و٣ٕ اص ػَّٛوشدٖ آصاػب٤ش٥ذ٤ٗ سؼذا اهبفٝ
ٔب٘ذٜ  ٞب٢ ثبل٣ اص وف فلاػه خذا ؿذ٘ذ، أب ػَّٛ

وٝ ٤ه ٞفشٝ  ًٛس٢ ؿىُ وشد٘ذ؛ ثٝ   وٓ ؿشٚع ثٝ سغ٥٥ش  وٓ
ٞب٣٤ د٤ذٜ ؿذ وٝ  ًٛس ٚاهح ػَّٛ ثؼذ اص آغبص سٕب٤ض، ثٝ

ؿشٚع ثٝ وـ٥ذٜ ٚ ثّٙذؿذٖ وشد٘ذ. دس ٞفش١ دْٚ سٕب٤ض، 
ـ٥ذٜ د٥ذا وشد٘ذ ٚ دس ٞب حبِز و سؼذاد ث٥ـشش٢ اص ػَّٛ

ؿذٜ  ٞب٢ وـ٥ذٜ ٞفش١ ػْٛ سٕب٤ض ٔـبٞذٜ ؿذ وٝ ػَّٛ
داؿشٙذ ٚ ؿشٚع ثٝ ثشلشا٢  Stick-likeوٝ ٔٛسفِٛٛط٢ 
ٞب٢ ٔدبٚس خٛد وشد٘ذ ٚ ٕٞچ٥ٙٗ ٤ه  اسسجبى ثب ػَّٛ

 (. 2ٞب ا٤دبد ؿذٜ اػز )ؿىُ ٘ظ٣ٕ دس ػبخشبس آٖ

ي  Connexin-43آتاز  ایمىًفلًرسىت  . روگ2-2
TNNT2 

٘ـبٖ دادٜ ؿذٜ اػز،  ) 3(ًٛس وٝ دس ؿىُ  ٕبٖٞ
٤ٚىٓ لبدس ثٝ ث٥بٖ  ٞب٢ سٕب٤ض٤بفشٝ دس سٚص ث٥ؼز ػَّٛ

Connexin-43  ٚTNNT2 ثبؿٙذ؛ ا٤ٗ دس حب٣ِ اػز وٝ  ٣ٔ
ٞب٢ ث٥ٙبد٢ خٖٛ لبػذ٣ٌ لجُ  ث٥بٖ ا٤ٗ ٔبسوشٞب دس ػَّٛ

 اص سٕب٤ض )سٚص كفش( ٔٙف٣ ثٛد. 

 َب  کبر یًتاًسات  . بابن ژن2-3

 ٢ٛConnexin-43، Connexin-40 ٚTMP1 ث٥بٖ اٍِ
 TNNT2 ٚACTN2 ٞب٢ وبسد٥ٔٛ٤ٛػ٥ش٣ ٚ  ػٙٛاٖ ٔبسوش ثٝ
ٞب٢ سٕب٤ض٤بفشٝ  دس ػَّٛ 25ػٙٛاٖ ٤ه ٔبسوش ٟ٘ب٣٤ ثٝ

 Real-Timeٞب٢ سٕب٤ض٥٘بفشٝ ثب اػشفبدٜ اص  ٘ؼجز ثٝ ػَّٛ

PCR ٖ٘ـبٖ دادٜ  4ًٛس وٝ دس ؿىُ  ثشسػ٣ ؿذ. ٕٞب
-Connexinٞب٢  داس٢ دس ث٥بٖ طٖ ؿذٜ اػز، افضا٤ؾ ٔؼ٣ٙ

43،Connexin-40، TNNT2  ،TMP1  ٚACTN2 (P=0.001) 
ٞب٢ غ٥شسٕب٤ض٢  ٞب٢ سٕب٤ض٢ ٘ؼجز ثٝ ػَّٛ دس ػَّٛ

 ٚخٛد داسد.
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 21کبر یًتاًسات  ر عًل  َبى ایٍ سلًل بٍ بىاب   تقاز از خًن قبعدگی َبى سلًل تًرفًلًژیکى تغااطات. 2اکل

 X333ومبیی:  اکطيسکًپ تعکًس. بزرگريز، بب اسافب ٌ از ت

 

 

 
 تمبیزیبفاٍ بٍ سمت کبر یًتاًسات. بىاب   تقاز از خًن قبعدگیَب   آتاز  ایمًوًفلًرسىت سلًل . روگ3اکل

آتاز  ایمًوًفلًرسىت )روگ سیز(  َب  تمبیز  بب روگ  ر سلًل TNNT2 (B)ي  Connexin-43 (A)َب   بابن پطيتئاه

 .X 23ومبیی:  . بزرگشدند)آبی( روگ  DAPIبب َب  بطرسی گط ید. َساٍ
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تاعب ل ادود ي  GAPDHَب  تمبیز  بب وابیج تطبًط بٍ  َب  تطبًط بٍ سلًل :  ا Real Time PCRٌ. وابیج 4اکل 

َب  تمبیز   ر تقبیسٍ بب  سلًل P=0.001 ار  تفبيت تعىی †َب  غاطتمبیز  تحبسیٍ گط یدود.  سپس وسیت بٍ سلًل

 طتمبیز  است.َب  غا سلًل

 

 گاط  بحث ي وااجٍ

ؿذٜ اص خٖٛ لبػذ٣ٌ  ٞب٢ ث٥ٙبد٢ ٔـشك اخ٥شاً ػَّٛ
ٞب٢ ث٥ٙبد٢  فشد اص ػَّٛ ػٙٛاٖ ٤ه خٕؼ٥ز ٔٙحلشثٝ ثٝ

ا٘ذ ٚ ا٥ٔذٞب٢ فشاٚا٣٘ سا ثشا٢  سـخ٥ق دادٜ ؿذٜ
(. ٞشچٙذ 26،27) دسٔب٣٘ ا٤دبد وشدٜ اػز ػَّٛ

ثشا٢  ٞب سا ٌٔبِؼبر فشاٚا٣٘ ٥٘بص اػز سب ا٤ٗ ػَّٛ
دسٔب٣٘ ٚ ٟٔٙذػ٣ ثبفز ٔٙبػت ٔؼشف٣ وٙٙذ. دس  ػَّٛ

فشد ٚ سٛاٖ سٕب٤ض٢  ا٤ٗ ٌٔبِؼٝ، خلٛك٥بر ٔٙحلشثٝ
ٞب٢ ث٥ٙبد٢ ٔـشك اص خٖٛ لبػذ٣ٌ ثشسػ٣  لّج٣ ػَّٛ
دس ٔشح١ّ اَٚ، دس وُ خلٛك٥بر  ؿذٜ اػز.

ٞب٢  ٔٛسفِٛٛط٤ى٣، سىث٥ش ٚ ا٤ٕٛ٘ٛفٙٛسب٤ذ٥ًٙ ػَّٛ
ا ثشسػ٣ وشد٤ٓ. ٔب ث٥ٙبد٢ ٔـشك اص خٖٛ لبػذ٣ٌ س
ٞب٢ چؼجٙذ٠ خٖٛ  ٔـبٞذٜ وشد٤ٓ وٝ ثخؾ ػَّٛ

ٔضا٘ـ٣ٕ٥ داؿشٙذ، أب  لبػذ٣ٌ ٤ه ٔٛسفِٛٛط٢ ؿجٝ
ٞب٢ ث٥ٙبد٢ ٔـشك اص ٔغض اػشخٛاٖ سىث٥ش  سش اص ػَّٛ ػش٤غ

ٞب٢ ث٥ٙبد٢  ٤بفشٙذ. ث٥بٖ ثبلا٢ ٔبسوشٞب٢ ػَّٛ ٣ٔ
ػٙٛاٖ  ثٝ Oct-4ٕٞچ٥ٙٗ  CD105, CD44,CD73ٔضا٘ـ٣ٕ٥ 

سوش ػَّٛ ث٥ٙبد٢ خ٣ٙ٥ٙ خلٛك٥ز دٌٚب١٘ ٤ه ٔب
ٞب٢ ث٥ٙبد٢ ٔـشك اص خٖٛ لبػذ٣ٌ سا ٘ـبٖ  ػَّٛ

ٞب٢  دٞذ. اص ًشف د٤ٍش، ػذْ ث٥بٖ ٔبسوش ػَّٛ ٣ٔ

ٞب٢ ث٥ٙبد٢  ٚ ٔبسوشٞب٢ ػَّٛ STRO-1ث٥ٙبد٢ ٔضا٘ـ٣ٕ٥ 
ٞب٢ ث٥ٙبد٢  ػَّٛ NANOG  ٚSSEA-4خ٣ٙ٥ٙ اص لج٥ُ 

٘ٛع ػَّٛ  ٔـشك اص خٖٛ لبػذ٣ٌ ا٘ؼبٖ سا اص ا٤ٗ دٚ
اص  ٞب٢ ا١٥ِٚ ٔب حبو٣ وٙذ. اسص٤بث٣ ث٥ٙبد٢ ٔشٕب٤ض ٣ٔ

ٞب٢ غوشٚف ٚ  ٞب ثٝ سدٜ سٛا٘ب٣٤ سٕب٤ض ا٤ٗ ػَّٛ
ٞب سٛاٖ سٕب٤ض ثٝ  حبَ ا٤ٗ ػَّٛ اػشخٛاٖ اػز؛ ثبا٤ٗ

ثش اػبع خلٛك٥بر  ٞب٢ چشث٣ سا ٘ذاؿشٙذ. ػٕز ػَّٛ
ٞب٢ ث٥ٙبد٢ ٔـشك  فٙٛس٥ذ٣، ٔٛسفِٛٛط٤ى٣ ٚ سىث٥ش ػَّٛ

ٞب سا  ٖ لبػذ٣ٌ، ٔب دس٘ظش ٌشفش٥ٓ وٝ ا٤ٗ ػَّٛاص خٛ
 سبوٖٙٛ ٞب٢ وبسد٥ٔٛ٤ٛػ٥ز سٕب٤ض د٥ٞٓ. ػٕز ػَّٛ ثٝ

سٕب٤ض  خٟز ٞب٢ ٔخشّف٣ ػ٥شٛو٥ٗ ٚ سؿذ فبوشٛسٞب٢ سأث٥ش
ٞب٢ ٔضا٘ـ٣ٕ٥ ٔـشك اص ٔغض  ػَّٛ وبسد٥ٔٛ٤ٛػ٥ش٣
 azacytidin-5ٌٔبِؼٝ لشاس ٌشفشٝ اػز، ٘ظ٥ش  اػشخٛاٖ ٔٛسد

 bFGFثب  azacytidin-5(، سشو٥ج٣ اص 28،29سٟٙب٣٤ ) ثٝ
bFGF  ٚBMP-2  ٚIGF (31 ٓٞ ٚ )(، سشو٥ج٣ اص 30)

ٞب٢  (. داد32،33ٜٞب ) وـش٣ ثب وبسد٥ٔٛ٤ٛػ٥ز
 ٘ٛع ٚ وٝ دٞذ ٣ٔ ٘ـبٖ ٌٔبِؼبر ا٤ٗ اص آٔذٜ دػز ثٝ

ٞب ٚ ٔذر  ػ٥شٛو٥ٗ ٚ سؿذ فبوشٛسٞب٢ ٚ غّظز سشو٥ت
شك اص ٔغض ٔضا٘ـ٣ٕ٥ ٔـ ٞب٢ ػَّٛ سٕب٤ض دس صٔبٖ سٕب٤ض
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سأث٥شٌزاس  وبسد٥ٔٛ٤ٛػ٥ز ؿجٝ ٞب٢ ػَّٛ ثٝ اػشخٛاٖ
ا٢ وٝ ثش س٢ٚ سٕب٤ض  اػز. ثب ٚخٛد ٌٔبِؼبر ٌؼششدٜ

ٞب٢ ٔضا٘ـ٣ٕ٥ ٔـشك اص ٔغض اػشخٛاٖ ثٝ ػٕز  ٞب٢ ػَّٛ
ٚخٛد داسد، سبوٖٙٛ  in vitroوبسد٥ٔٛ٤ٛػ٥ز دس ؿشا٤ي 

ٞب٢  ٌٔبِؼبر و٣ٕ دس خٟز سٕب٤ض وبسد٥ٔٛ٤ٛػ٥ش٣ ػَّٛ
ٔـشك اص خٖٛ لبػذ٣ٌ ا٘ؼبٖ ا٘دبْ ٌشفشٝ اػز.  ث٥ٙبد٢

ٞب٢ ث٥ٙبد٢ ٔـشك اص خٖٛ  سلاؽ ثشا٢ سٕب٤ض ػَّٛ
ٞب٢ وبسد٥ٔٛ٤ٛػ٥ز ا٥ِٚٗ ثبس، سٛػي  لبػذ٣ٌ ثٝ ػَّٛ

Hida  ُسٛػي  2008ٚ ٕٞىبسا٘ؾ دس آدش٤Azacytidin 
 ٞب٢ خ٣ٙ٥ٙ ٔٛؽ ٚ وـش٣ ثب وبسد٥ٔٛ٤ٛػ٥ز ٕٞشاٜ ثب ٞٓ

Patel  5سٛػي  2008ٚ ٕٞىبساٖ دس فٛس١٤-azacytidin  ٝث
.ٕٞشاٜ ٌّٛسبٔبوغ ا٘دبْ ٌشفز

س٤ُ ٚٔحمم٥ٗ طاد٣ٙ دس آ. 
داس ٚ سـى٥ُ سبسٞب٢ ػولا٣٘  هشثبٖ ٘جن 2008ػبَ 

ػبص خذاؿذٜ اص خٖٛ لبػذ٣ٌ  ٞب٢ د٥ؾ لّج٣ سا دس ػَّٛ
ٞب٢ لّج٣ ٔٛؽ كحشا٣٤ وـز دادٜ  وٝ ٕٞشاٜ ػَّٛ

سب  27ٞب ٘ـبٖ داد٘ذ وٝ  ؿذٜ ثٛد٘ذ ٌضاسؽ وشد٘ذ. آٖ
ٞب٢  ٞب٢ لّج٣ سٕب٤ض٤بفشٝ اص ٔٙـأ ػَّٛ دسكذ ػ32َّٛ

سا ث٥بٖ وشد٘ذ ٚ د٥ٛ٘ذ  Iخٖٛ لبػذ٣ٌ دشٚسئ٥ٗ سشٚد٥٘ٛٗ 
ػجت سش٥ٔٓ اخشلاَ  nudeٞب٢ سٕب٤ض٤بفشٝ ثٝ ٔٛؽ  ػَّٛ

(. 23ٚخٛد آٔذٜ ٚ وبٞؾ ا٘فبسوشٛع لّج٣ ؿذ ) لّج٣ ثٝ
دس ا٤ٗ ٌٔبِؼٝ سأث٥ش دٚ فبوشٛس ٟٔٓ دس٥ٌش دس سٕب٤ض 

دس سشو٥ت ثب  Azacytidin  ٚbFGF-5سد٥ٔٛ٤ٛػ٥ش٣، وب
دسكذ و٣ٕ اص ػشْ دس ٔح٥ي وـز، ثش س٢ٚ سٕب٤ض 

ٞب٢ ث٥ٙبد٢ ٔـشك اص خٖٛ لبػذ٣ٌ ثشسػ٣ ٌشد٤ذ.  ػَّٛ
دس ًَٛ  bFGFٕٞشاٜ ثب  azacytidin٘شب٤ح ٔب ٘ـبٖ داد وٝ 
سٛخ٣ٟ ثش س٢ٚ ث٥بٖ فبوشٛسٞب٢  ػٝ ٞفشٝ، سأث٥ش لبثُ

د٥ٔٛ٤ٛػ٥ش٣ داسد. دس سأ٥٤ذ ا٤ٗ ٞب٢ وبس اخشلبك٣ ػَّٛ
ٌضاسؽ  2004ٚ ٕٞىبسا٘ؾ دس ػبَ  Wenrongٞب،  ٤بفشٝ

دس ًَٛ دٚ ٞفشٝ،  bFGFثٝ ٕٞشاٜ  azacytidin-5وشد٘ذ وٝ 
 beta-MHC, desmin, alpha-cardiac actinثبػث افضا٤ؾ ث٥بٖ 

  ٚcardiac troponin T  دس ػٌحmRNA  دس ػٌح ٚ
ٚ  alpha-cardiac actin، beta-myosin heavy chainدشٚسئ٥ٗ 

desmin ؿٛد؛ ٕٞچ٥ٙٗ  ٣ٔSingla  َٕٞىبسا٘ؾ دس ػب ٚ
 ٘مؾ ٣ٕٟٔ دس سٕب٤ض  bFGF، ٘ـبٖ داد٘ذ وٝ 2005

hESCs َّٛ(. 34ٞب٢ وبسد٥ٔٛ٤ٛػ٥ش٣ داسد ) ثٝ ػٕز ػ

 2008ٚ ٕٞىبس٘ؾ ٥٘ض دس ػبَ  Yong Hahnثشآٖ  ػلاٜٚ
ٕب٤ض دس س BMP-2  ٚIgFٕٞشاٜ ثب  bFGFٌضاسؽ وشد٘ذ وٝ 

ٚ  Vidarssonوبسد٥ٔٛ٤ٛػ٥ش٣ ٘مؾ لبثُ سٛخ٣ٟ داسد. 
، فبوشٛسٞب٢ سؿذ ٔؤثش دس 2010ٕٞىبسا٘ؾ دس ػبَ 

سٕب٤ض لّج٣ سا دس ػٝ ٌشٜٚ ٟٔٓ لشاس داد٘ذ وٝ ٤ه ٌشٜٚ 
٘مؾ  bFGF(. دس ا٤ٗ ٌشٜٚ 35ٞب ثٛد٘ذ ) FGFٞب  اص آٖ

٤ه  ٣ٕٟٔbFGF دس سٕب٤ض ٚ ثمب ٚ ٟٔبخشر ػ٣ِّٛ داسد. 
اػز وٝ  heparin-binding growth factorsادٜػوٛ اص خب٘ٛ

ؿٛ٘ذ. دس لّت  ثٝ سػذشٛسٞب٢ س٥شٚص٤ٗ و٥ٙبص ٔشلُ ٣ٔ
ٞب٢ لّج٣ اص  ثؼذ اص آػ٥ت bFGF٘ـبٖ دادٜ ؿذٜ وٝ ث٥بٖ 

٤بثذ؛ ٕٞچ٥ٙٗ ثب٤ذ ثٝ ا٤ٗ  لج٥ُ ػىشٝ لّج٣ افضا٤ؾ ٣ٔ
٘مؾ  embryogenesis ، bFGF٘ىشٝ سٛخٝ وشد وٝ دس ًَٛ 

ٞب٢ ٔضٚدس٣ٔ ثٝ ػٕز  ٣َّٕٟٔٛ سا دس حشوز ػ
(. دس وُ، ٘شب٤ح ٔب 38-36وٙذ ) وبسد٥ٔٛ٤ٛػ٥ش٣ ثبص٢ ٣ٔ

ٞب٢ ث٥ٙبد٢ ٔـشك اص خٖٛ لبػذ٣ٌ  ٘ـبٖ داد وٝ ػَّٛ
ٞب٢ وبسد٥ٔٛ٤ٛػ٥ز  دشب٘ؼ٥ُ خٛث٣ خٟز سٕب٤ض ثٝ ػَّٛ

ا٢ اص ٔبسوشٞب٢ اخشلبك٣  ا٢ وٝ ث٥بٖ دبسٜ ٌٛ٘ٝ داس٘ذ. ثٝ
ٞب٢  جز ثٝ ػَّٛؿذٜ ٘ؼ ٞب٢ سٕب٤ضدادٜ لّج٣ دس ػَّٛ

ثٝ دػششػ٣  ٤بثذ؛ ثٙبثشا٤ٗ ثبسٛخٝ غ٥شسٕب٤ض٢ افضا٤ؾ ٣ٔ
آػبٖ ٚ غ٥شسٟبخ٣ٕ ثٝ ١ٕ٘ٛ٘ خٖٛ لبػذ٣ٌ ٚ دشب٘ؼ٥ُ 

ٞب٢ ث٥ٙبد٢ ٔـشك اص خٖٛ لبػذ٣ٌ  سىث٥ش٢ ثبلا٢ ػَّٛ
ٞب ٔٙجغ ٔٙبػج٣ خٟز اٞذاف  سػذ وٝ ا٤ٗ ػَّٛ ٘ظش ٣ٔ ثٝ

٤ٍش، ٞب٢ لّج٣ ثبؿٙذ. اص ػ٢ٛ د دسٔب٣٘ ث٥ٕبس٢ ػَّٛ
ٞب٢  ثشسػ٣ ٔؼ٥شٞب٢ ػ٥ٍٙب٣ٍٙ٥ِ وٝ دس سٕب٤ض ػَّٛ

ث٥ٙبد٢ ٔـشك اص خٖٛ لبػذ٣ٌ ٘مؾ داس٘ذ ثٝ سج٥٥ٗ 
وٙذ. ثذٖٚ ؿه ثب  ٞب وٕه ٣ٔ ٔب٥ٞز ا٤ٗ ػَّٛ

دسٔب٣٘  ٞب٢ آ٤ٙذٜ دس ٟٔٙذػ٣ ثبفز ٚ ػَّٛ د٥ـشفز
ٞب دس خٟز ٔٙبفغ ث٥ٕبساٖ ص٤بد٢  سٛاٖ اص ا٤ٗ ػَّٛ ٣ٔ

 اػشفبدٜ وشد.



 
 

41 

 

 نش هن ارااریم رحینج 

 
 

ي
لم

 ع
مه

هنا
ما

دو
- 

د/ 
اه

ش
ه 

گا
ش

دان
ي/ 

شك
پز

ور 
ش

دان
ي 

ش
وه

پژ
ر 

تی
59

31
ل 

سا
 /

ت
س

بی
 

وم
س

و
ره

ما
ش

 /
 

52
9

 
     

 تىببع
1. Pfeffer MA, Braunwald E. Ventricular 

remodeling after myocardial infarction. 

Experimental observations and clinical 

implications. Circulation 1990;81(4):1161-72 
2. Li RK, Jia ZQ, Weisel RD, Mickle DA, Zhang J, 

Mohabeer MK,et al. Cardiomyocyte 

transplantation improves heart function. The 

Annals of Thoracic Surgery1996;62(3):654-60 

3. Eriksson H. Heart failure: a growing public health 

problem. Journal of Internal Medicine 

1995;237(2):135-41. 

4. Li RK, Mickle DA, Weisel RD, Mohabeer MK, 

Zhang J, Rao V, et al. Natural history of fetal rat 

cardiomyocytes transplanted into adult rat 

myocardial scar tissue. Circulation 

1997;96(9):179-86 
5. Pittenger MF, Mackay AM, Beck SC, Jaiswal RK, 

Douglas R, Mosca JD, et al. Multilineage potential 

of adult human mesenchymal stem cells. Science 

1999;284(5411):143-7. 
6. Toma C, Pittenger MF, Cahill KS, Byrne BJ, 

Kessler PD. Human mesenchymal stem cells 

differentiate to a cardiomyocyte phenotype in the 

adult murine heart. Circulation 2002;105(1):93-8. 
7. Edwards RG. Stem cells today: B1. Bone marrow 

stem cells. Reproductive BioMedicine Online 

2004;9(5):541-83. 

8. Tuan RS, Boland G, Tuli R. Adult mesenchymal 

stem cells and cell-based tissue engineering. 

Arthritis Research & Therapy 2003;5(1):32-45.  

9. Meng X, Ichim TE, Zhong J, Rogers A, Yin Z, 

Jackson J, et al. Endometrial regenerative cells: a 

novel stem cell population. Journal of 

Translational Medicine 2007 15;5:57. 

10. Musina RA, Belyavski AV, Tarusova OV, 

Solovyova EV, Sukhikh GT. Endometrial 

mesenchymal stem cells isolated from the 

menstrual blood. Bulletin of Experimental Biology 

and Medicine 2008;145(4):539-43. 

11. Masuda H, Matsuzaki Y, Hiratsu E, Ono M, 

Nagashima T, Kajitani T, et al. Stem cell-like 

properties of the endometrial side population: 

implication in endometrial regeneration.Plos 

One2010;5(4):e10387  

12. Patel AN, Park E, Kuzman M, Benetti F, Silva FJ, 

Allickson JG. Multipotent menstrual blood 

stromal stem cells: isolation, characterization, and 

differentiation. Cell Transplant 2008;17(3):303-11. 

13. Allickson JG, Sanchez A, Yefimenko N, 

Borlongan CV, Sanberg PR. Recent Studies 

Assessing the Proliferative Capability of a Novel 

Adult Stem Cell Identified in Menstrual Blood. 

Open Stem Cell J 2011;3(2011):4-10. 

14. Darzi S, Zarnani AH, Jeddi-Tehrani M, Entezami 

K, Mirzadegan E, Akhondi MM, et al. Osteogenic 

differentiation of stem cells derived from 

menstrual blood versus bone marrow in the 

presence of human platelet releasate. Tissue 

Engineering Part A 2012;18(15-16):1720-8.  

 

 

 

 

 

 
 

15. Khanmohammadi M, Khanjani S, Bakhtyari MS, 

Zarnani AH, Edalatkhah H, Akhondi MM, et al. 

Proliferation and chondrogenic differentiation 

potential of menstrual blood- and bone marrow-

derived stem cells in two-dimensional culture. 

International Journal of 

Hematology2012;95(5):484-93.  

16. Kazemnejad S, Akhondi MM, Soleimani M, 

Zarnani AH, Khanmohammadi M, Darzi S, et al. 

Characterization and chondrogenic differentiation 

of menstrual blood-derived stem cells on a 

nanofibrous scaffold. The International journal of 

Artificial Organs2012;35(1):55-66.  

17. Khanjani S, Khanmohammadi M, Zarnani AH, 

Talebi S, Edalatkhah H, Eghtesad S, et al. 

Efficient generation of functional hepatocyte-like 

cells from menstrual blood-derived stem cells. 

Journal of Tissue Engineering and Regenerative 

Medicine 2013 Mar 18. [Epub ahead of print] 

18. Nikoo S, Ebtekar M, Jeddi-Tehrani M, Shervin A, 

Bozorgmehr M, Kazemnejad S, et al. Effect of 

menstrual blood-derived stromal stem cells on 

proliferative capacity of peripheral blood 

mononuclear cells in allogeneic mixed lymphocyte 

reaction. Journal of Obstetrics and Gynaecology 

Research2012;38(5):804-9.  

19. Martin-Rendon E, Sweeney D, Lu F, Girdlestone 

J, Navarrete C, Watt SM. 5-Azacytidine-treated 

human mesenchymal stem/progenitor cells 

derived from umbilical cord, cord blood and bone 

marrow do not generate cardiomyocytes in vitro 

at high frequencies. Vox Sanguinis 

2008;95(2):137-48.  

20. Fukuda K. Reprogramming of bone marrow 

mesenchymal stem cells into cardiomyocytes. 

Comptes Rendus Biologies 2002;325(10):1027-38. 

21. Behfar A, Zingman LV, Hodgson DM, Rauzier 

JM, Kane GC, Terzic A, et al. Stem cell 

differentiation requires a paracrine pathway in 

the heart. The FASEB Journal 2002;16(12):1558-

66. 

22.  Xu C, Police S, Rao N, Carpenter MK. 

Characterization and enrichment of 

cardiomyocytes derived from human embryonic 

stem cells. Circulation Research 2002 

20;91(6):501-8. 

23. Hida N, Nishiyama N, Miyoshi S, Kira S, Segawa 

K, Uyama T, Mori T, Miyado K, Ikegami Y, Cui 

C, Kiyono T, Kyo S, Shimizu T, Okano T, 

Sakamoto M, Ogawa S, Umezawa A. Novel 

cardiac precursor-like cells from human 

menstrual blood-derived mesenchymal cells. Stem 

Cells 2008;26(7):1695-704.  

24. Ruijter JM, Ramakers C, Hoogaars WM, Karlen 

Y, Bakker O, van den Hoff MJ, Moorman AF. 

Amplification efficiency: linking baseline and bias 

in the analysis of quantitative PCR data. Nucleic 

Acids Research 2009;37(6):e45.  

 

 

 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Pfeffer%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=2138525
http://www.ncbi.nlm.nih.gov/pubmed?term=Braunwald%20E%5BAuthor%5D&cauthor=true&cauthor_uid=2138525
http://www.ncbi.nlm.nih.gov/pubmed/2138525
http://www.ncbi.nlm.nih.gov/pubmed?term=Li%20RK%5BAuthor%5D&cauthor=true&cauthor_uid=8783989
http://www.ncbi.nlm.nih.gov/pubmed?term=Jia%20ZQ%5BAuthor%5D&cauthor=true&cauthor_uid=8783989
http://www.ncbi.nlm.nih.gov/pubmed?term=Weisel%20RD%5BAuthor%5D&cauthor=true&cauthor_uid=8783989
http://www.ncbi.nlm.nih.gov/pubmed?term=Mickle%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=8783989
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhang%20J%5BAuthor%5D&cauthor=true&cauthor_uid=8783989
http://www.ncbi.nlm.nih.gov/pubmed?term=Mohabeer%20MK%5BAuthor%5D&cauthor=true&cauthor_uid=8783989
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiZuYzLwuLKAhVIwA4KHScqBUIQFgggMAA&url=http%3A%2F%2Fwww.annalsthoracicsurgery.org%2F&usg=AFQjCNEYdCfd5oEUpNJE8oajFiuPLcxoHw&sig2=rztOEb5Rwsv_F25A5n3fBg
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiZuYzLwuLKAhVIwA4KHScqBUIQFgggMAA&url=http%3A%2F%2Fwww.annalsthoracicsurgery.org%2F&usg=AFQjCNEYdCfd5oEUpNJE8oajFiuPLcxoHw&sig2=rztOEb5Rwsv_F25A5n3fBg
http://www.ncbi.nlm.nih.gov/pubmed?term=Eriksson%20H%5BAuthor%5D&cauthor=true&cauthor_uid=7852915
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiRnuOCw-LKAhXCgg8KHQ3wApcQFggaMAA&url=http%3A%2F%2Fonlinelibrary.wiley.com%2Fjournal%2F10.1111%2F%28ISSN%291365-2796&usg=AFQjCNFsCGwgeU18V3aLvhcL2MSpIUtHsQ&sig2=UWU0MyGm659g3qpp2Yz0hg
http://www.ncbi.nlm.nih.gov/pubmed?term=Li%20RK%5BAuthor%5D&cauthor=true&cauthor_uid=9386095
http://www.ncbi.nlm.nih.gov/pubmed?term=Mickle%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=9386095
http://www.ncbi.nlm.nih.gov/pubmed?term=Weisel%20RD%5BAuthor%5D&cauthor=true&cauthor_uid=9386095
http://www.ncbi.nlm.nih.gov/pubmed?term=Mohabeer%20MK%5BAuthor%5D&cauthor=true&cauthor_uid=9386095
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhang%20J%5BAuthor%5D&cauthor=true&cauthor_uid=9386095
http://www.ncbi.nlm.nih.gov/pubmed?term=Rao%20V%5BAuthor%5D&cauthor=true&cauthor_uid=9386095
http://www.ncbi.nlm.nih.gov/pubmed?term=Jia%20ZQ%5BAuthor%5D&cauthor=true&cauthor_uid=9386095
http://www.ncbi.nlm.nih.gov/pubmed/?term=Natural+history+of+fetal+rat+cardiomyocyte+transplanted+into+adult+rat+myocardial+scar+tissue
http://www.ncbi.nlm.nih.gov/pubmed?term=Pittenger%20MF%5BAuthor%5D&cauthor=true&cauthor_uid=10102814
http://www.ncbi.nlm.nih.gov/pubmed?term=Mackay%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=10102814
http://www.ncbi.nlm.nih.gov/pubmed?term=Beck%20SC%5BAuthor%5D&cauthor=true&cauthor_uid=10102814
http://www.ncbi.nlm.nih.gov/pubmed?term=Jaiswal%20RK%5BAuthor%5D&cauthor=true&cauthor_uid=10102814
http://www.ncbi.nlm.nih.gov/pubmed?term=Douglas%20R%5BAuthor%5D&cauthor=true&cauthor_uid=10102814
http://www.ncbi.nlm.nih.gov/pubmed?term=Mosca%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=10102814
http://www.ncbi.nlm.nih.gov/pubmed/10102814
http://www.ncbi.nlm.nih.gov/pubmed?term=Toma%20C%5BAuthor%5D&cauthor=true&cauthor_uid=11772882
http://www.ncbi.nlm.nih.gov/pubmed?term=Pittenger%20MF%5BAuthor%5D&cauthor=true&cauthor_uid=11772882
http://www.ncbi.nlm.nih.gov/pubmed?term=Cahill%20KS%5BAuthor%5D&cauthor=true&cauthor_uid=11772882
http://www.ncbi.nlm.nih.gov/pubmed?term=Byrne%20BJ%5BAuthor%5D&cauthor=true&cauthor_uid=11772882
http://www.ncbi.nlm.nih.gov/pubmed?term=Kessler%20PD%5BAuthor%5D&cauthor=true&cauthor_uid=11772882
http://www.ncbi.nlm.nih.gov/pubmed/11772882
http://www.ncbi.nlm.nih.gov/pubmed?term=Edwards%20RG%5BAuthor%5D&cauthor=true&cauthor_uid=15588475
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwia_7-Xw-LKAhVCJA8KHZuICekQFggaMAA&url=http%3A%2F%2Fwww.rbmojournal.com%2F&usg=AFQjCNEjAo-inN5eg5XO0lddD-VHykThuA&sig2=2NBCTqIB7zELadtJ9zK_QQ
http://www.ncbi.nlm.nih.gov/pubmed?term=Tuan%20RS%5BAuthor%5D&cauthor=true&cauthor_uid=12716446
http://www.ncbi.nlm.nih.gov/pubmed?term=Boland%20G%5BAuthor%5D&cauthor=true&cauthor_uid=12716446
http://www.ncbi.nlm.nih.gov/pubmed?term=Tuli%20R%5BAuthor%5D&cauthor=true&cauthor_uid=12716446
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiLz-Opw-LKAhUGYA8KHaUCDtQQFggfMAA&url=http%3A%2F%2Farthritis-research.biomedcentral.com%2F&usg=AFQjCNGuccR9v6CInRKkfcE8vGPFb9wNZg&sig2=WZV592nxT599NLtNQKqtHg
http://www.ncbi.nlm.nih.gov/pubmed?term=Meng%20X%5BAuthor%5D&cauthor=true&cauthor_uid=18005405
http://www.ncbi.nlm.nih.gov/pubmed?term=Ichim%20TE%5BAuthor%5D&cauthor=true&cauthor_uid=18005405
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhong%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18005405
http://www.ncbi.nlm.nih.gov/pubmed?term=Rogers%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18005405
http://www.ncbi.nlm.nih.gov/pubmed?term=Yin%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=18005405
http://www.ncbi.nlm.nih.gov/pubmed?term=Jackson%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18005405
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjL1Jq3w-LKAhVF2Q4KHaTUDcMQFggaMAA&url=http%3A%2F%2Ftranslational-medicine.biomedcentral.com%2F&usg=AFQjCNEOHxFDIDboT4GLyyV8Gxg41TgNCg&sig2=jDtRgr6bEoMZrCoSJl6-Tw
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjL1Jq3w-LKAhVF2Q4KHaTUDcMQFggaMAA&url=http%3A%2F%2Ftranslational-medicine.biomedcentral.com%2F&usg=AFQjCNEOHxFDIDboT4GLyyV8Gxg41TgNCg&sig2=jDtRgr6bEoMZrCoSJl6-Tw
http://www.ncbi.nlm.nih.gov/pubmed?term=Musina%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=19110612
http://www.ncbi.nlm.nih.gov/pubmed?term=Belyavski%20AV%5BAuthor%5D&cauthor=true&cauthor_uid=19110612
http://www.ncbi.nlm.nih.gov/pubmed?term=Tarusova%20OV%5BAuthor%5D&cauthor=true&cauthor_uid=19110612
http://www.ncbi.nlm.nih.gov/pubmed?term=Solovyova%20EV%5BAuthor%5D&cauthor=true&cauthor_uid=19110612
http://www.ncbi.nlm.nih.gov/pubmed?term=Sukhikh%20GT%5BAuthor%5D&cauthor=true&cauthor_uid=19110612
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjQk5DGw-LKAhVDLQ8KHeG6DbMQFggaMAA&url=http%3A%2F%2Fwww.springer.com%2Fbiomed%2Fjournal%2F10517&usg=AFQjCNGRUQFhMyfrZHWwmSKhzOS0VuSvug&sig2=Bpy3or-VXkLIAcVASvd2Uw
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjQk5DGw-LKAhVDLQ8KHeG6DbMQFggaMAA&url=http%3A%2F%2Fwww.springer.com%2Fbiomed%2Fjournal%2F10517&usg=AFQjCNGRUQFhMyfrZHWwmSKhzOS0VuSvug&sig2=Bpy3or-VXkLIAcVASvd2Uw
http://www.ncbi.nlm.nih.gov/pubmed?term=Masuda%20H%5BAuthor%5D&cauthor=true&cauthor_uid=20442847
http://www.ncbi.nlm.nih.gov/pubmed?term=Matsuzaki%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=20442847
http://www.ncbi.nlm.nih.gov/pubmed?term=Hiratsu%20E%5BAuthor%5D&cauthor=true&cauthor_uid=20442847
http://www.ncbi.nlm.nih.gov/pubmed?term=Ono%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20442847
http://www.ncbi.nlm.nih.gov/pubmed?term=Nagashima%20T%5BAuthor%5D&cauthor=true&cauthor_uid=20442847
http://www.ncbi.nlm.nih.gov/pubmed?term=Kajitani%20T%5BAuthor%5D&cauthor=true&cauthor_uid=20442847
http://www.ncbi.nlm.nih.gov/pubmed?term=Patel%20AN%5BAuthor%5D&cauthor=true&cauthor_uid=18522233
http://www.ncbi.nlm.nih.gov/pubmed?term=Park%20E%5BAuthor%5D&cauthor=true&cauthor_uid=18522233
http://www.ncbi.nlm.nih.gov/pubmed?term=Kuzman%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18522233
http://www.ncbi.nlm.nih.gov/pubmed?term=Benetti%20F%5BAuthor%5D&cauthor=true&cauthor_uid=18522233
http://www.ncbi.nlm.nih.gov/pubmed?term=Silva%20FJ%5BAuthor%5D&cauthor=true&cauthor_uid=18522233
http://www.ncbi.nlm.nih.gov/pubmed?term=Allickson%20JG%5BAuthor%5D&cauthor=true&cauthor_uid=18522233
http://www.ncbi.nlm.nih.gov/pubmed/18522233
http://www.ncbi.nlm.nih.gov/pubmed?term=Allickson%20JG%5BAuthor%5D&cauthor=true&cauthor_uid=21686032
http://www.ncbi.nlm.nih.gov/pubmed?term=Sanchez%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21686032
http://www.ncbi.nlm.nih.gov/pubmed?term=Yefimenko%20N%5BAuthor%5D&cauthor=true&cauthor_uid=21686032
http://www.ncbi.nlm.nih.gov/pubmed?term=Borlongan%20CV%5BAuthor%5D&cauthor=true&cauthor_uid=21686032
http://www.ncbi.nlm.nih.gov/pubmed?term=Sanberg%20PR%5BAuthor%5D&cauthor=true&cauthor_uid=21686032
http://www.ncbi.nlm.nih.gov/pubmed/?term=Recent+studies+assessing+the+proliferative+capacity+of+a+novel+adult+stem+cell+identified+in+menstrual+blood
http://www.ncbi.nlm.nih.gov/pubmed?term=Darzi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22571521
http://www.ncbi.nlm.nih.gov/pubmed?term=Zarnani%20AH%5BAuthor%5D&cauthor=true&cauthor_uid=22571521
http://www.ncbi.nlm.nih.gov/pubmed?term=Jeddi-Tehrani%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22571521
http://www.ncbi.nlm.nih.gov/pubmed?term=Entezami%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22571521
http://www.ncbi.nlm.nih.gov/pubmed?term=Entezami%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22571521
http://www.ncbi.nlm.nih.gov/pubmed?term=Mirzadegan%20E%5BAuthor%5D&cauthor=true&cauthor_uid=22571521
http://www.ncbi.nlm.nih.gov/pubmed?term=Akhondi%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=22571521
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwj0xOXcw-LKAhVDOQ8KHeckDAwQFggfMAA&url=http%3A%2F%2Fonline.liebertpub.com%2Ftea&usg=AFQjCNEvcvqF5PZgx29Az9sKY9_B2tHwfQ&sig2=5Q2k8Hlcm7IqpsIxiQ_KDA
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwj0xOXcw-LKAhVDOQ8KHeckDAwQFggfMAA&url=http%3A%2F%2Fonline.liebertpub.com%2Ftea&usg=AFQjCNEvcvqF5PZgx29Az9sKY9_B2tHwfQ&sig2=5Q2k8Hlcm7IqpsIxiQ_KDA
http://www.ncbi.nlm.nih.gov/pubmed?term=Khanmohammadi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22527849
http://www.ncbi.nlm.nih.gov/pubmed?term=Khanjani%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22527849
http://www.ncbi.nlm.nih.gov/pubmed?term=Bakhtyari%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=22527849
http://www.ncbi.nlm.nih.gov/pubmed?term=Zarnani%20AH%5BAuthor%5D&cauthor=true&cauthor_uid=22527849
http://www.ncbi.nlm.nih.gov/pubmed?term=Edalatkhah%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22527849
http://www.ncbi.nlm.nih.gov/pubmed?term=Akhondi%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=22527849
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjspqPtw-LKAhUGvQ8KHYgYDHUQFggaMAA&url=http%3A%2F%2Fwww.springer.com%2Fmedicine%2Finternal%2Fjournal%2F12185&usg=AFQjCNHXAYCl5zp2tiuxcW_riYHax9F14g&sig2=VZwLlXi_KOxL3gefuStF8Q
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjspqPtw-LKAhUGvQ8KHYgYDHUQFggaMAA&url=http%3A%2F%2Fwww.springer.com%2Fmedicine%2Finternal%2Fjournal%2F12185&usg=AFQjCNHXAYCl5zp2tiuxcW_riYHax9F14g&sig2=VZwLlXi_KOxL3gefuStF8Q
http://www.ncbi.nlm.nih.gov/pubmed?term=Kazemnejad%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22307334
http://www.ncbi.nlm.nih.gov/pubmed?term=Akhondi%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=22307334
http://www.ncbi.nlm.nih.gov/pubmed?term=Soleimani%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22307334
http://www.ncbi.nlm.nih.gov/pubmed?term=Zarnani%20AH%5BAuthor%5D&cauthor=true&cauthor_uid=22307334
http://www.ncbi.nlm.nih.gov/pubmed?term=Khanmohammadi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22307334
http://www.ncbi.nlm.nih.gov/pubmed?term=Darzi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22307334
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwieutT_w-LKAhXDYg8KHZ7bDgMQFggaMAA&url=http%3A%2F%2Fwww.artificial-organs.com%2F&usg=AFQjCNG7PpW5JAL5e6lBaymln7sLD1oqcw&sig2=K9jSKc40xGjfngHzJN5wBw
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwieutT_w-LKAhXDYg8KHZ7bDgMQFggaMAA&url=http%3A%2F%2Fwww.artificial-organs.com%2F&usg=AFQjCNG7PpW5JAL5e6lBaymln7sLD1oqcw&sig2=K9jSKc40xGjfngHzJN5wBw
http://www.ncbi.nlm.nih.gov/pubmed?term=Khanjani%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23505217
http://www.ncbi.nlm.nih.gov/pubmed?term=Khanmohammadi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23505217
http://www.ncbi.nlm.nih.gov/pubmed?term=Zarnani%20AH%5BAuthor%5D&cauthor=true&cauthor_uid=23505217
http://www.ncbi.nlm.nih.gov/pubmed?term=Talebi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23505217
http://www.ncbi.nlm.nih.gov/pubmed?term=Edalatkhah%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23505217
http://www.ncbi.nlm.nih.gov/pubmed?term=Eghtesad%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23505217
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiPiIGWxOLKAhVEcQ8KHWZQANsQFggfMAA&url=http%3A%2F%2Fonlinelibrary.wiley.com%2Fjournal%2F10.1002%2F%28ISSN%291932-7005&usg=AFQjCNHQXMLZm2gHRVwndSPXrbu8rKKhnw&sig2=MsnSg5eT88SP3rwOad8Q9A
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiPiIGWxOLKAhVEcQ8KHWZQANsQFggfMAA&url=http%3A%2F%2Fonlinelibrary.wiley.com%2Fjournal%2F10.1002%2F%28ISSN%291932-7005&usg=AFQjCNHQXMLZm2gHRVwndSPXrbu8rKKhnw&sig2=MsnSg5eT88SP3rwOad8Q9A
http://www.ncbi.nlm.nih.gov/pubmed?term=Nikoo%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22436017
http://www.ncbi.nlm.nih.gov/pubmed?term=Ebtekar%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22436017
http://www.ncbi.nlm.nih.gov/pubmed?term=Jeddi-Tehrani%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22436017
http://www.ncbi.nlm.nih.gov/pubmed?term=Shervin%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22436017
http://www.ncbi.nlm.nih.gov/pubmed?term=Bozorgmehr%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22436017
http://www.ncbi.nlm.nih.gov/pubmed?term=Kazemnejad%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22436017
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiXt5SlxOLKAhUBIA8KHcxOCh0QFggaMAA&url=http%3A%2F%2Fonlinelibrary.wiley.com%2Fjournal%2F10.1111%2F%28ISSN%291447-0756&usg=AFQjCNEgY4Smch_BuNMM1UjdLoVu-OJVSQ&sig2=_vzDsxjho4y2mCGWjP20rg
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiXt5SlxOLKAhUBIA8KHcxOCh0QFggaMAA&url=http%3A%2F%2Fonlinelibrary.wiley.com%2Fjournal%2F10.1111%2F%28ISSN%291447-0756&usg=AFQjCNEgY4Smch_BuNMM1UjdLoVu-OJVSQ&sig2=_vzDsxjho4y2mCGWjP20rg
http://www.ncbi.nlm.nih.gov/pubmed?term=Martin-Rendon%20E%5BAuthor%5D&cauthor=true&cauthor_uid=18557828
http://www.ncbi.nlm.nih.gov/pubmed?term=Sweeney%20D%5BAuthor%5D&cauthor=true&cauthor_uid=18557828
http://www.ncbi.nlm.nih.gov/pubmed?term=Lu%20F%5BAuthor%5D&cauthor=true&cauthor_uid=18557828
http://www.ncbi.nlm.nih.gov/pubmed?term=Girdlestone%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18557828
http://www.ncbi.nlm.nih.gov/pubmed?term=Girdlestone%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18557828
http://www.ncbi.nlm.nih.gov/pubmed?term=Navarrete%20C%5BAuthor%5D&cauthor=true&cauthor_uid=18557828
http://www.ncbi.nlm.nih.gov/pubmed?term=Watt%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=18557828
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwib7bG0xOLKAhUHdg8KHdq7AIYQFggaMAA&url=http%3A%2F%2Fonlinelibrary.wiley.com%2Fjournal%2F10.1111%2F%28ISSN%291423-0410&usg=AFQjCNE4u4UOuLf0LV1-PELkiE81gAjmXw&sig2=C-6IG1-lbFE5evpOuNajXQ
http://www.ncbi.nlm.nih.gov/pubmed?term=Fukuda%20K%5BAuthor%5D&cauthor=true&cauthor_uid=12494500
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwidvKLCxOLKAhXEIQ8KHZ3NCIIQFggaMAA&url=http%3A%2F%2Fwww.journals.elsevier.com%2Fcomptes-rendus-biologies%2F&usg=AFQjCNHTmvd-BdOUgIHP78XvHrQmBphtHw&sig2=9iQHPFS2A6R6s1iybYRQWg
http://www.ncbi.nlm.nih.gov/pubmed?term=Behfar%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12374778
http://www.ncbi.nlm.nih.gov/pubmed?term=Zingman%20LV%5BAuthor%5D&cauthor=true&cauthor_uid=12374778
http://www.ncbi.nlm.nih.gov/pubmed?term=Hodgson%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=12374778
http://www.ncbi.nlm.nih.gov/pubmed?term=Rauzier%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=12374778
http://www.ncbi.nlm.nih.gov/pubmed?term=Rauzier%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=12374778
http://www.ncbi.nlm.nih.gov/pubmed?term=Kane%20GC%5BAuthor%5D&cauthor=true&cauthor_uid=12374778
http://www.ncbi.nlm.nih.gov/pubmed?term=Terzic%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12374778
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwik-O3WxOLKAhUDPQ8KHYclDicQFggaMAA&url=http%3A%2F%2Fwww.fasebj.org%2F&usg=AFQjCNG_oqU3l3izbhk0-ngHc25jnvpm8Q&sig2=Vu6Igeb693gzXz_ZQ5E3kQ
http://www.ncbi.nlm.nih.gov/pubmed?term=Xu%20C%5BAuthor%5D&cauthor=true&cauthor_uid=12242268
http://www.ncbi.nlm.nih.gov/pubmed?term=Police%20S%5BAuthor%5D&cauthor=true&cauthor_uid=12242268
http://www.ncbi.nlm.nih.gov/pubmed?term=Rao%20N%5BAuthor%5D&cauthor=true&cauthor_uid=12242268
http://www.ncbi.nlm.nih.gov/pubmed?term=Carpenter%20MK%5BAuthor%5D&cauthor=true&cauthor_uid=12242268
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwi549TpxOLKAhUGAA8KHdevDB8QFggaMAA&url=http%3A%2F%2Fcircres.ahajournals.org%2F&usg=AFQjCNEShG4YIMM1suWFMN_qaEIU7L92hQ&sig2=C-fP5akflSTbPa5zd6G6AA
http://www.ncbi.nlm.nih.gov/pubmed?term=Hida%20N%5BAuthor%5D&cauthor=true&cauthor_uid=18420831
http://www.ncbi.nlm.nih.gov/pubmed?term=Nishiyama%20N%5BAuthor%5D&cauthor=true&cauthor_uid=18420831
http://www.ncbi.nlm.nih.gov/pubmed?term=Miyoshi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18420831
http://www.ncbi.nlm.nih.gov/pubmed?term=Kira%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18420831
http://www.ncbi.nlm.nih.gov/pubmed?term=Segawa%20K%5BAuthor%5D&cauthor=true&cauthor_uid=18420831
http://www.ncbi.nlm.nih.gov/pubmed?term=Segawa%20K%5BAuthor%5D&cauthor=true&cauthor_uid=18420831
http://www.ncbi.nlm.nih.gov/pubmed?term=Uyama%20T%5BAuthor%5D&cauthor=true&cauthor_uid=18420831
http://www.ncbi.nlm.nih.gov/pubmed?term=Mori%20T%5BAuthor%5D&cauthor=true&cauthor_uid=18420831
http://www.ncbi.nlm.nih.gov/pubmed?term=Miyado%20K%5BAuthor%5D&cauthor=true&cauthor_uid=18420831
http://www.ncbi.nlm.nih.gov/pubmed?term=Ikegami%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=18420831
http://www.ncbi.nlm.nih.gov/pubmed?term=Cui%20C%5BAuthor%5D&cauthor=true&cauthor_uid=18420831
http://www.ncbi.nlm.nih.gov/pubmed?term=Cui%20C%5BAuthor%5D&cauthor=true&cauthor_uid=18420831
http://www.ncbi.nlm.nih.gov/pubmed?term=Kiyono%20T%5BAuthor%5D&cauthor=true&cauthor_uid=18420831
http://www.ncbi.nlm.nih.gov/pubmed?term=Kyo%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18420831
http://www.ncbi.nlm.nih.gov/pubmed?term=Shimizu%20T%5BAuthor%5D&cauthor=true&cauthor_uid=18420831
http://www.ncbi.nlm.nih.gov/pubmed?term=Okano%20T%5BAuthor%5D&cauthor=true&cauthor_uid=18420831
http://www.ncbi.nlm.nih.gov/pubmed?term=Sakamoto%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18420831
http://www.ncbi.nlm.nih.gov/pubmed?term=Ogawa%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18420831
http://www.ncbi.nlm.nih.gov/pubmed?term=Umezawa%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18420831
http://www.ncbi.nlm.nih.gov/pubmed/?term=Novel+Cardiac+Precursor-Like+Cells+from+Human+Menstrual+Blood-Derived+Mesenchymal+Cells
http://www.ncbi.nlm.nih.gov/pubmed/?term=Novel+Cardiac+Precursor-Like+Cells+from+Human+Menstrual+Blood-Derived+Mesenchymal+Cells
http://www.ncbi.nlm.nih.gov/pubmed?term=Ruijter%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=19237396
http://www.ncbi.nlm.nih.gov/pubmed?term=Ramakers%20C%5BAuthor%5D&cauthor=true&cauthor_uid=19237396
http://www.ncbi.nlm.nih.gov/pubmed?term=Hoogaars%20WM%5BAuthor%5D&cauthor=true&cauthor_uid=19237396
http://www.ncbi.nlm.nih.gov/pubmed?term=Karlen%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=19237396
http://www.ncbi.nlm.nih.gov/pubmed?term=Karlen%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=19237396
http://www.ncbi.nlm.nih.gov/pubmed?term=Bakker%20O%5BAuthor%5D&cauthor=true&cauthor_uid=19237396
http://www.ncbi.nlm.nih.gov/pubmed?term=van%20den%20Hoff%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=19237396
http://www.ncbi.nlm.nih.gov/pubmed?term=Moorman%20AF%5BAuthor%5D&cauthor=true&cauthor_uid=19237396
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiAn8_7xOLKAhXBiQ8KHUMaBFUQFggaMAA&url=http%3A%2F%2Fnar.oxfordjournals.org%2F&usg=AFQjCNE9SPio7r6kfjfggv8R21LHyBQ77A&sig2=A-7xkyl7Ag0XnJ1RBwgL3w
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiAn8_7xOLKAhXBiQ8KHUMaBFUQFggaMAA&url=http%3A%2F%2Fnar.oxfordjournals.org%2F&usg=AFQjCNE9SPio7r6kfjfggv8R21LHyBQ77A&sig2=A-7xkyl7Ag0XnJ1RBwgL3w


 
 

33 

 

 های قلبج در شرایط  زاایشگاهج های بنیادی اشتق از خون قاعدگج به سلول ارزیابج توان تنایس سلول
 

ي
لم

 ع
مه

هنا
ما

دو
- 

د/ 
اه

ش
ه 

گا
ش

دان
ي/ 

شك
پز

ور 
ش

دان
ي 

ش
وه

پژ
ر 

تی
59

31
ل 

سا
 /

ت
س

بی
 

وم
س

و
ره

ما
ش

 /
 

52
9

 
 

      

25. Efe JA, Hilcove S, Kim J, Zhou H, Ouyang K, 

Wang G, Chen J, Ding S. Conversion of mouse 

fibroblasts into cardiomyocytes using a direct 

reprogramming strategy. Nature Cell 

Biology2011;13(3):215-22.  

26. Zhang MJ, Liu B, Xia W, Sun ZY, Lu KH. Could 

cells from menstrual blood be a new source for 

cell-based therapies? Medical Hypotheses 

2009;72(3):252-4.  

27. Gargett CE. Uterine stem cells: what is the 

evidence? Human Reproduction Update 

2007;13(1):87-101.  

28.  Makino S, Fukuda K, Miyoshi S, Konishi F, 

Kodama H, Pan J, Sano M, Takahashi T, Hori S, 

Abe H, Hata J, Umezawa A, Ogawa S. 

Cardiomyocytes can be generated from marrow 

stromal cells in vitro. The Journal of Clinical 

Investigation1999;103(5):697-705. 

29. Zhang Y, Chu Y, Shen W, Dou Z. Effect of 5-

azacytidine induction duration on differentiation 

of human first-trimester fetal mesenchymal stem 

cells towards cardiomyocyte-like cells. Interactive 

CardioVascular and Thoracic Surgery 

2009;9(6):943-6.  

30. Xu W, Zhang X, Qian H, Zhu W, Sun X, Hu J, 

Zhou H, Chen Y. Mesenchymal stem cells from 

adult human bone marrow differentiate into a 

cardiomyocyte phenotype in vitro. Experimental 

biology and medicine 2004;229(7):623-31 

31. Hahn JY, Cho HJ, Kang HJ, Kim TS, Kim MH, 

Chung JH, Bae JW, Oh BH, Park YB, Kim HS. 

Pre-treatment of mesenchymal stem cells with a 

combination of growth factors enhances gap 

junction formation, cytoprotective effect on 

cardiomyocytes, and therapeutic efficacy for 

myocardial infarction. American College of 

Cardiology Foundation 2008;51(9):933-43.  

32. Rangappa S, Entwistle JW, Wechsler AS, Kresh 

JY. Cardiomyocyte-mediated contact programs 

human mesenchymal stem cells to express 

cardiogenic phenotype. The Journal of Thoracic 

and Cardiovascular Surgery2003;126(1):124-32. 

33. Wang T, Xu Z, Jiang W, Ma A. Cell-to-cell 

contact induces mesenchymal stem cell to 

differentiate into cardiomyocyte and smooth 

muscle cell. International Journal of Cardiology 

2006;109(1):74-81.  

34. Singla DK, Sobel BE. Enhancement by growth 

factors of cardiac myocyte differentiation from 

embryonic stem cells: a promising foundation for 

cardiac regeneration. Biochemical and 

Biophysical Research Communications 

2005;335(3):637-42. 

35. Vidarsson H, Hyllner J, Sartipy P. Differentiation 

of human embryonic stem cells to cardiomyocytes 

for in vitro and in vivo applications. Stem Cell 

Reviews and Reports 2010;6(1):108-20.  

36. Szebenyi G, Fallon JF. Fibroblast growth factors 

as multifunctional signaling factors. International 

Review of Cytology 1999;185:45-106. 

37. Detillieux KA, Sheikh F, Kardami E, Cattini PA. 

Biological activities of fibroblast growth factor-2 

in the adult myocardium. Cardiovascular 

Research 2003;57(1):8-19. 

38. Solloway MJ, Harvey RP. Molecular pathways in 

myocardial development: a stem cell perspective. 

Cardiovascular Research 2003;58(2):264-77. 

 

  

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Efe%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=21278734
http://www.ncbi.nlm.nih.gov/pubmed?term=Hilcove%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21278734
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21278734
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhou%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21278734
http://www.ncbi.nlm.nih.gov/pubmed?term=Ouyang%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21278734
http://www.ncbi.nlm.nih.gov/pubmed?term=Wang%20G%5BAuthor%5D&cauthor=true&cauthor_uid=21278734
http://www.ncbi.nlm.nih.gov/pubmed?term=Chen%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21278734
http://www.ncbi.nlm.nih.gov/pubmed?term=Ding%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21278734
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwiYwPuNxeLKAhUG7g4KHSyQBnYQFggaMAA&url=http%3A%2F%2Fwww.nature.com%2Fncb&usg=AFQjCNEJFF4n7OwOSI6fQw0SCoI3UdRfUQ&sig2=n051Zsn_KRBWMLEAhS5Dcg&cad=rja
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwiYwPuNxeLKAhUG7g4KHSyQBnYQFggaMAA&url=http%3A%2F%2Fwww.nature.com%2Fncb&usg=AFQjCNEJFF4n7OwOSI6fQw0SCoI3UdRfUQ&sig2=n051Zsn_KRBWMLEAhS5Dcg&cad=rja
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhang%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=19101090
http://www.ncbi.nlm.nih.gov/pubmed?term=Liu%20B%5BAuthor%5D&cauthor=true&cauthor_uid=19101090
http://www.ncbi.nlm.nih.gov/pubmed?term=Xia%20W%5BAuthor%5D&cauthor=true&cauthor_uid=19101090
http://www.ncbi.nlm.nih.gov/pubmed?term=Sun%20ZY%5BAuthor%5D&cauthor=true&cauthor_uid=19101090
http://www.ncbi.nlm.nih.gov/pubmed?term=Lu%20KH%5BAuthor%5D&cauthor=true&cauthor_uid=19101090
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjh9qyixeLKAhXGmg4KHcbSDTIQFggaMAA&url=http%3A%2F%2Fwww.journals.elsevier.com%2Fmedical-hypotheses%2F&usg=AFQjCNExlG0pfj6oS3q60yVnQV98Q3KjOw&sig2=f9UV5Ge363R8-m6hVT-fdA
http://www.ncbi.nlm.nih.gov/pubmed?term=Gargett%20CE%5BAuthor%5D&cauthor=true&cauthor_uid=16960017
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjJ2ZGzxeLKAhVFwQ4KHdV1DScQFggaMAA&url=http%3A%2F%2Fhumupd.oxfordjournals.org%2F&usg=AFQjCNHuAb6l9RbxPiFMPEydMVcTZNAwrQ&sig2=bg1S4vOIFXZxBvnYg86IHw
http://www.ncbi.nlm.nih.gov/pubmed?term=Makino%20S%5BAuthor%5D&cauthor=true&cauthor_uid=10074487
http://www.ncbi.nlm.nih.gov/pubmed?term=Fukuda%20K%5BAuthor%5D&cauthor=true&cauthor_uid=10074487
http://www.ncbi.nlm.nih.gov/pubmed?term=Miyoshi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=10074487
http://www.ncbi.nlm.nih.gov/pubmed?term=Konishi%20F%5BAuthor%5D&cauthor=true&cauthor_uid=10074487
http://www.ncbi.nlm.nih.gov/pubmed?term=Kodama%20H%5BAuthor%5D&cauthor=true&cauthor_uid=10074487
http://www.ncbi.nlm.nih.gov/pubmed?term=Pan%20J%5BAuthor%5D&cauthor=true&cauthor_uid=10074487
http://www.ncbi.nlm.nih.gov/pubmed?term=Sano%20M%5BAuthor%5D&cauthor=true&cauthor_uid=10074487
http://www.ncbi.nlm.nih.gov/pubmed?term=Takahashi%20T%5BAuthor%5D&cauthor=true&cauthor_uid=10074487
http://www.ncbi.nlm.nih.gov/pubmed?term=Hori%20S%5BAuthor%5D&cauthor=true&cauthor_uid=10074487
http://www.ncbi.nlm.nih.gov/pubmed?term=Abe%20H%5BAuthor%5D&cauthor=true&cauthor_uid=10074487
http://www.ncbi.nlm.nih.gov/pubmed?term=Hata%20J%5BAuthor%5D&cauthor=true&cauthor_uid=10074487
http://www.ncbi.nlm.nih.gov/pubmed?term=Umezawa%20A%5BAuthor%5D&cauthor=true&cauthor_uid=10074487
http://www.ncbi.nlm.nih.gov/pubmed?term=Ogawa%20S%5BAuthor%5D&cauthor=true&cauthor_uid=10074487
http://www.ncbi.nlm.nih.gov/pmc/journals/120/
http://www.ncbi.nlm.nih.gov/pmc/journals/120/
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=19786397
http://www.ncbi.nlm.nih.gov/pubmed?term=Chu%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=19786397
http://www.ncbi.nlm.nih.gov/pubmed?term=Shen%20W%5BAuthor%5D&cauthor=true&cauthor_uid=19786397
http://www.ncbi.nlm.nih.gov/pubmed?term=Dou%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=19786397
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiAlMfYxeLKAhXCJg8KHXIzBEIQFggfMAA&url=http%3A%2F%2Ficvts.oxfordjournals.org%2F&usg=AFQjCNH6LFppJ09XPemmfcGJP-lO2I4XZw&sig2=wkgHqktOh_CjZelwW-oAnw
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiAlMfYxeLKAhXCJg8KHXIzBEIQFggfMAA&url=http%3A%2F%2Ficvts.oxfordjournals.org%2F&usg=AFQjCNH6LFppJ09XPemmfcGJP-lO2I4XZw&sig2=wkgHqktOh_CjZelwW-oAnw
http://www.ncbi.nlm.nih.gov/pubmed?term=Xu%20W%5BAuthor%5D&cauthor=true&cauthor_uid=15229356
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhang%20X%5BAuthor%5D&cauthor=true&cauthor_uid=15229356
http://www.ncbi.nlm.nih.gov/pubmed?term=Qian%20H%5BAuthor%5D&cauthor=true&cauthor_uid=15229356
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhu%20W%5BAuthor%5D&cauthor=true&cauthor_uid=15229356
http://www.ncbi.nlm.nih.gov/pubmed?term=Sun%20X%5BAuthor%5D&cauthor=true&cauthor_uid=15229356
http://www.ncbi.nlm.nih.gov/pubmed?term=Hu%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15229356
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhou%20H%5BAuthor%5D&cauthor=true&cauthor_uid=15229356
http://www.ncbi.nlm.nih.gov/pubmed?term=Chen%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=15229356
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiesYvrxeLKAhVDXg8KHRVpBkcQFggaMAA&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fnlmcatalog%2F100973463&usg=AFQjCNGdT-UNcujVzcO-W_OtTCtJFNWiJQ&sig2=9oZQ_eSQUE_NiKT20cw-gA
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiesYvrxeLKAhVDXg8KHRVpBkcQFggaMAA&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fnlmcatalog%2F100973463&usg=AFQjCNGdT-UNcujVzcO-W_OtTCtJFNWiJQ&sig2=9oZQ_eSQUE_NiKT20cw-gA
http://www.ncbi.nlm.nih.gov/pubmed?term=Hahn%20JY%5BAuthor%5D&cauthor=true&cauthor_uid=18308163
http://www.ncbi.nlm.nih.gov/pubmed?term=Cho%20HJ%5BAuthor%5D&cauthor=true&cauthor_uid=18308163
http://www.ncbi.nlm.nih.gov/pubmed?term=Kang%20HJ%5BAuthor%5D&cauthor=true&cauthor_uid=18308163
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20TS%5BAuthor%5D&cauthor=true&cauthor_uid=18308163
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=18308163
http://www.ncbi.nlm.nih.gov/pubmed?term=Chung%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=18308163
http://www.ncbi.nlm.nih.gov/pubmed?term=Bae%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=18308163
http://www.ncbi.nlm.nih.gov/pubmed?term=Oh%20BH%5BAuthor%5D&cauthor=true&cauthor_uid=18308163
http://www.ncbi.nlm.nih.gov/pubmed?term=Park%20YB%5BAuthor%5D&cauthor=true&cauthor_uid=18308163
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20HS%5BAuthor%5D&cauthor=true&cauthor_uid=18308163
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwj2l9D7xeLKAhXDSA8KHaQjD1AQFgggMAA&url=http%3A%2F%2Fcontent.onlinejacc.org%2F&usg=AFQjCNFRgtNx0qegLqwWWjz4ML6pd9lm3g&sig2=4__unGLdI_flsFP2ko7r8g
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwj2l9D7xeLKAhXDSA8KHaQjD1AQFgggMAA&url=http%3A%2F%2Fcontent.onlinejacc.org%2F&usg=AFQjCNFRgtNx0qegLqwWWjz4ML6pd9lm3g&sig2=4__unGLdI_flsFP2ko7r8g
http://www.ncbi.nlm.nih.gov/pubmed?term=Rangappa%20S%5BAuthor%5D&cauthor=true&cauthor_uid=12878947
http://www.ncbi.nlm.nih.gov/pubmed?term=Entwistle%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=12878947
http://www.ncbi.nlm.nih.gov/pubmed?term=Wechsler%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=12878947
http://www.ncbi.nlm.nih.gov/pubmed?term=Kresh%20JY%5BAuthor%5D&cauthor=true&cauthor_uid=12878947
http://www.ncbi.nlm.nih.gov/pubmed?term=Kresh%20JY%5BAuthor%5D&cauthor=true&cauthor_uid=12878947
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwj3r8uSxuLKAhXDJA8KHXFHApEQFggaMAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F00225223&usg=AFQjCNFoOttBXBDKggIOwmWL7flPPsryGA&sig2=7A_WKUWg7x6xcMelUQLhSw
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwj3r8uSxuLKAhXDJA8KHXFHApEQFggaMAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F00225223&usg=AFQjCNFoOttBXBDKggIOwmWL7flPPsryGA&sig2=7A_WKUWg7x6xcMelUQLhSw
http://www.ncbi.nlm.nih.gov/pubmed?term=Wang%20T%5BAuthor%5D&cauthor=true&cauthor_uid=16122823
http://www.ncbi.nlm.nih.gov/pubmed?term=Xu%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=16122823
http://www.ncbi.nlm.nih.gov/pubmed?term=Jiang%20W%5BAuthor%5D&cauthor=true&cauthor_uid=16122823
http://www.ncbi.nlm.nih.gov/pubmed?term=Ma%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16122823
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjklJ-nxuLKAhWBew8KHZ4IDAsQFggfMAA&url=http%3A%2F%2Fwww.journals.elsevier.com%2Finternational-journal-of-cardiology%2F&usg=AFQjCNHg3AtyO3bMfgh-sohaTTiq__07vA&sig2=RIfimwg-IiJMG2gaTpeMbQ
http://www.ncbi.nlm.nih.gov/pubmed?term=Singla%20DK%5BAuthor%5D&cauthor=true&cauthor_uid=16004962
http://www.ncbi.nlm.nih.gov/pubmed?term=Sobel%20BE%5BAuthor%5D&cauthor=true&cauthor_uid=16004962
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiI4t-2xuLKAhVGqA4KHcbCBLoQFggaMAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F0006291X&usg=AFQjCNFS2UBZN8S0dBfFll6r9oWjrcC6Pw&sig2=oiH8XwhExzQhv2opp4a8eg
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiI4t-2xuLKAhVGqA4KHcbCBLoQFggaMAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F0006291X&usg=AFQjCNFS2UBZN8S0dBfFll6r9oWjrcC6Pw&sig2=oiH8XwhExzQhv2opp4a8eg
http://www.ncbi.nlm.nih.gov/pubmed?term=Vidarsson%20H%5BAuthor%5D&cauthor=true&cauthor_uid=20091143
http://www.ncbi.nlm.nih.gov/pubmed?term=Hyllner%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20091143
http://www.ncbi.nlm.nih.gov/pubmed?term=Sartipy%20P%5BAuthor%5D&cauthor=true&cauthor_uid=20091143
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiRuvfHxuLKAhXCfw8KHSKUBukQFggfMAA&url=http%3A%2F%2Fwww.springer.com%2Flife%2Bsciences%2Fcell%2Bbiology%2Fjournal%2F12015&usg=AFQjCNGI3kLVmpMF0lrfdBbSWyCYQj7ZiA&sig2=4Jx4Alj1d8_H3vmk2qkUgA
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiRuvfHxuLKAhXCfw8KHSKUBukQFggfMAA&url=http%3A%2F%2Fwww.springer.com%2Flife%2Bsciences%2Fcell%2Bbiology%2Fjournal%2F12015&usg=AFQjCNGI3kLVmpMF0lrfdBbSWyCYQj7ZiA&sig2=4Jx4Alj1d8_H3vmk2qkUgA
http://www.ncbi.nlm.nih.gov/pubmed?term=Szebenyi%20G%5BAuthor%5D&cauthor=true&cauthor_uid=9750265
http://www.ncbi.nlm.nih.gov/pubmed?term=Fallon%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=9750265
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwi1j4vXxuLKAhVGpg4KHVLbCzgQFggaMAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fbookseries%2F00747696&usg=AFQjCNEUlY3L8URoy0E6lv1wkj2tMW0jbQ&sig2=3q40cHJeU6bCDOXVYxpnkg
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwi1j4vXxuLKAhVGpg4KHVLbCzgQFggaMAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fbookseries%2F00747696&usg=AFQjCNEUlY3L8URoy0E6lv1wkj2tMW0jbQ&sig2=3q40cHJeU6bCDOXVYxpnkg
http://www.ncbi.nlm.nih.gov/pubmed?term=Detillieux%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=12504809
http://www.ncbi.nlm.nih.gov/pubmed?term=Sheikh%20F%5BAuthor%5D&cauthor=true&cauthor_uid=12504809
http://www.ncbi.nlm.nih.gov/pubmed?term=Kardami%20E%5BAuthor%5D&cauthor=true&cauthor_uid=12504809
http://www.ncbi.nlm.nih.gov/pubmed?term=Cattini%20PA%5BAuthor%5D&cauthor=true&cauthor_uid=12504809
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiNgt3oxuLKAhVEFg8KHUkWA2kQFggaMAA&url=http%3A%2F%2Fcardiovascres.oxfordjournals.org%2F&usg=AFQjCNF-itSF5ysme70wwpfPyD6fczirAg&sig2=dM1fQgAU-xnXwoWuhP4McA
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiNgt3oxuLKAhVEFg8KHUkWA2kQFggaMAA&url=http%3A%2F%2Fcardiovascres.oxfordjournals.org%2F&usg=AFQjCNF-itSF5ysme70wwpfPyD6fczirAg&sig2=dM1fQgAU-xnXwoWuhP4McA
http://www.ncbi.nlm.nih.gov/pubmed?term=Solloway%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=12757862
http://www.ncbi.nlm.nih.gov/pubmed?term=Harvey%20RP%5BAuthor%5D&cauthor=true&cauthor_uid=12757862
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiNgt3oxuLKAhVEFg8KHUkWA2kQFggaMAA&url=http%3A%2F%2Fcardiovascres.oxfordjournals.org%2F&usg=AFQjCNF-itSF5ysme70wwpfPyD6fczirAg&sig2=dM1fQgAU-xnXwoWuhP4McA


 

31/1 

D
a

n
es

h
v

a
r(

m
ed

ic
in

e)
 s

h
a

h
e
d

 U
n

iv
er

si
ty

/ 
2

3
n

d
 y

ea
r/

2
0
1

6
 /

N
O

.1
2

3
 

   
 

 
 

Daneshvar 
 

Medicine 

 
 

 

 

 

 

 

 

 

 

 
Scientific-Research 
Journal of Shahed 

University  
23nd Year, No.123 

June- July, 2016 

Evaluation of differentiation potential of 

menstrual blood-derived stem cells to 

cardiomyocytes in vitro 
 

Maryam Rahimi
1,2

, Amir-Hassan Zarnani
3,4

, Homa Mohseni-

Kouchesfehani
2
, Somaieh Kazemnejad

5
* 

 

1. Department of Biology, Faculty of Sciences, Malayer University, Malayer, 

Iran. 

2. Department of Animal Biology, Faculty of Biological Sciences, Kharazmi 

University, Tehran, Iran. 

3. Nanobiotechnology Research Center, Avicenna Research Institute, ACECR, 

Tehran, Iran. 

4. Immunology Research Center, Iran University of Medical Sciences, Tehran, 

Iran. 

5. Reproductive Biotechnology Research Center, Avicenna Research Institute, 

ACECR, Tehran, Iran. 

 

*Corresponding author e-mail: kazemnejad_s@yahoo.com 

 

Abstract 
Background and Objective: In recent decades, stem cell therapy has been 

introduced as a novel therapeutic approach for patients suffering from cardiac 

disorders. Recently, identification of menstrual blood-derived stem cells 

(MenSCs) as a unique source of stem cell with some characteristics as well as 

ease of access, high proliferative ability and renewability has created enormous 

promise for cell therapy.  

 

Materials and Methods: In this study, differentiation ability of MenSCs into 

cardiomyocytes has been investigated. After MenSCs immunophenotyping, their 

differentiation into cardiomyocyte was investigated in the presence of 5-

azacytidine and basic-fibroblast growth factor. Then, expression of the putative 

myogenic cells at mRNA and protein levels was determined by 

immunofluorescent staining and real-time quantitative PCR.  

 

Results: Based on flow cytometric analysis, the isolated MenSCs typically 

expressed mesenchymal stem cell markers like CD105, CD73, CD44 and 

CD166 in parallel to OCT-4 as an embryonic marker. The differentiated 

MenSCs expressed cardiomyocyte markers at mRNA/protein level. The 

myogenic cells differentiated from MenSCs were positive for Connexin-43 and 

troponin T2 (TNNT2) protein. The mRNAs of Connexin-43, Connexin-40, 

Alpha actinin, Tropomyosin1 and TNNT2 were highly expressed in the 

differentiated myogenic cells.  

 

Conclusion: Based on our data, MenSCs are a unique cell population with 

differentiation ability into cells with characteristics commonly attributed to 

cardiomyocytes.  
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