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Abstract

The isolation of high-quality RNA from endocrine pancreas sections represents a considerable

challenge largely due to the high ribonuclease levels. Laser capture microdissection (LCM) of

mammalian islets, in association with RNA extraction protocols, has emerged as a feasible approach

to characterizing their genetic and proteomic profiles. However, a validated protocol to obtain highquality

RNA from LCM-derived human pancreas specimens that is appropriate for next-generation

sequencing analysis is still lacking. In this study, we applied four methods (Picopure extraction

kit, Qiazol protocol, Qiazol + Clean-up kit, and RNeasy Microkit + Carrier) to extract RNA from

human islets obtained from both non-diabetic individuals and patients with type 2 diabetes who had

undergone partial pancreatectomy, as well as handpicked islets from both non-diabetic and diabetic

organ donors. The yield and purity of total RNA were determined by 260/280 absorbance using

Nanodrop 100 and the RNA integrity number with a bioanalyzer. The results indicated that among

the four methods, the RNeasy MicroKit + Carrier (Qiagen) provides the highest yield and purity.
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Guidelines

Introduction

Laser capture microdissection (LCM) has emerged as a widely used technique for the isolation of specific types

of cells or a minimum amount of parenchyma [1] for a variety of downstream analyses such as proteomic studies

[2,3], RNA assays by microarray [4], or RNA sequencing [5,6]. This approach has been particularly useful to

obtain small amounts of islet tissue to characterize the genetic profiles of both murine and human pancreas [7].

Compared to the analyses of handpicked islets, the use of LCM with specific staining for target cells avoids

contamination by neighboring cells and the confounding effects of cell trauma/ischemia, which leads to

alterations in cellular protein and gene expression due to the harsh chemical and/or mechanical processes during

manual isolation. Indeed, previous reports [8], using handpicked islets, show an upregulation of pancreatic acinar

and duct genes, suggesting contamination by non-endocrine cells, while the elevated expression of hypoxia- and

apoptosis-related genes indicates changes secondary to mechanical effects. These findings were confirmed by

Paraskevas et al. [9], who reported an upregulation of inflammatory markers, such as cytokines and cytokine

receptors, in freshly isolated islets compared to beta cells from intact pancreas collected by LCM. Moreover,

freshly isolated cells cultured for three days displayed a greater expression of transcription factors found in

pancreatic progenitors, suggesting that islet isolation and culture together activate a process of de-differentiation

of endocrine pancreatic cells. Thus, using chemical approaches to isolate pancreas islets could misrepresent the

gene expression profile.

Given the limitations of manual islet isolation, the LCM approach is preferable to limit confounding results.

Nevertheless, harvesting high-quality RNA from human islets that can be used for transcriptomic analysis is a

continuing challenge, mostly due to the high level of intrinsic ribonuclease (RNase) activity in the pancreas [10,11].

One possible approach to minimizing the effect of RNase activity on the isolated cells and to increase RNA quality

is the addition of a RNase inhibitor during both LCM and RNA extraction phases, as previously reported by Butler

et al. [12]

Although the LCM technique [13] has improved, the quality and quantity of RNA collected from LCM human

pancreatic samples is generally low, with no more than 100 ng of material after RNA amplification, compared to

the 200–500 ng of RNA with at least an RNA integrity number (RIN) of 7, necessary to generate cDNA libraries for

gene expression [14]. In this report, we compare the efficiency of different protocols used to extract RNA from

human islet samples obtained by LCM in order to determine a better approach to ensuring RNA preservation that

can be used by the scientific community for next-generation transcriptomic studies.

Supplementary Materials

The following are available online at https://www.mdpi.com/article/10.3390/biom11050625/s1. We inserted a table

in Supplementary Materials, which summarizes and compares bioanalyzer results of RNA extracted from islet

samples of pancreatectomized patients and organ donors using the three protocols with Qiazol (Table S1).

Author Contributions

protocols.io | https://dx.doi.org/10.17504/protocols.io.n2bvjx16xlk5/v2 April 20, 2024 4/27

https://www.mdpi.com/article/10.3390/biom11050625/s1
https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.n2bvjx16xlk5/v2


C.M.A.C., generated and analyzed the data and wrote the manuscript; R.N.K., designed the study, coordinated the

research activity, and execution and edited the manuscript; T.M., contributed to the design of the study and

reviewed the paper; A.G., was involved in study design and coordinated the research at the Università Cattolica

del Sacro Cuore in Rome. All authors have read and agreed to the published version of the manuscript.

Funding

The study was supported, in part, by NIH RO1 DK67536 and RO1 DK103215 (R.N.K); CMAC is the recipient of the

FODIRI-MSD 2014/2015 from the Società Italiana di Diabetologia (SID) and the Albert Reynolds Travel Fellowship

by the European Association for the Study of Diabetes.

Institutional Review Board Statement

The protocol has been approved by Ethics Committee of the Università Cattolica del Sacro Cuore di Roma.

Protocol number: P/656. Approved in June 2010. ClinicalTrials.gov Identifier: NCT02175459.

Informed Consent Statement

All subjects included in the study gave their informed consent for inclusion before they participated in the study.

The study was conducted in accordance with the Declaration of the Helsinki of 1975 and revised in 2013, and the

protocol was approved by the Ethics Committee of Università Cattolica del Sacro Cuore di Roma.

Data Availability Statement

The data presented in this study are available on request from the corresponding authors. They take responsibility

for the integrity of the data and the accuracy of the data analysis. The data are not publicly available due to

privacy issues.

Acknowledgments

The authors would like to thank V.A. Sun for assistance with human sample collection, D. De Jesus, E.D. Dirice,

and G. Basile for sharing the hand-picked human islets. We thank C. Cahill for technical assistance with LCM, G.

Daher for performing bionanalyzer analyses, and the fellows at the Kulkarni laboratory for helpful comments. We

thank S. Rotunno for language editing.

Conflicts of Interest

The authors declare that there is no conflict of interest.

References

protocols.io | https://dx.doi.org/10.17504/protocols.io.n2bvjx16xlk5/v2 April 20, 2024 5/27

https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.n2bvjx16xlk5/v2


1. Emmert-Buck, M.R.; Bonner, R.F.; Smith, P.D.; Chuaqui, R.F.; Zhuang, Z.; Goldstein, S.R.; Weiss, R.A.; Liotta, L.A

. Laser capture microdissection. Science 1996, 274, 998–1001..

https://doi.org/10.1126/science.274.5289.998 LINK

Citation

2. Zhang, L.; Lanzoni, G.; Battarra, M.; Inverardi, L.; Zhang, Q

. Proteomic profiling of human islets collected from frozen pancreata using laser capture microdissection.

J. Proteom. 2017, 150, 149–159.

https://doi.org/10.1016/j.jprot.2016.09.002 LINK

Citation

3. De Marchi, T.; Braakman, R.B.; Stingl, C.; van Duijn, M.M.; Smid, M.; Foekens, J.A.; Luider, T.M.; Martens, J.W.;

Umar, A

. The advantage of laser-capture microdissection over whole tissue analysis in proteomic profiling studies.

Proteomics 2016, 16, 1474–1485.

https://doi.org/10.1002/pmic.201600004 LINK

Citation

protocols.io | https://dx.doi.org/10.17504/protocols.io.n2bvjx16xlk5/v2 April 20, 2024 6/27

https://doi.org/10.1126/science.274.5289.998
https://doi.org/10.1016/j.jprot.2016.09.002
https://doi.org/10.1002/pmic.201600004
https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.n2bvjx16xlk5/v2


4. Marselli, L.; Thorne, J.; Dahiya, S.; Sgroi, D.C.; Sharma, A.; Bonner-Weir, S.; Marchetti, P.;Weir, G.C

. Gene expression profiles of Beta-cell enriched tissue obtained by laser capture microdissection from subjects with

type 2 diabetes.

PLoS ONE 2010, 5, e11499.

https://doi.org/10.1371/journal.pone.0011499 LINK

Citation

5. Mo, A.; Jackson, S.; Varma, K.; Carpino, A.; Giardina, C.; Devers, T.J.; Rosenberg, D.W

. Distinct Transcriptional Changes and Epithelial-Stromal Interactions Are Altered in Early-Stage Colon Cancer

Development.

Mol. Cancer Res. 2016, 14, 795–804.

https://doi.org/10.1158/1541-7786.mcr-16-0156 LINK

Citation

6. Chen, H.; Liu, Z.; Gong, S.;Wu, X.; Taylor,W.L.;Williams, R.W.; Matta, S.G.; Sharp, B.M

. Genome-Wide Gene Expression Profiling of Nucleus Accumbens Neurons Projecting to Ventral Pallidum Using both

Microarray and Transcriptome Sequencing.

Front. Neurosci. 2011, 5, 98.

https://doi.org/10.3389/fnins.2011.00098 LINK

Citation

protocols.io | https://dx.doi.org/10.17504/protocols.io.n2bvjx16xlk5/v2 April 20, 2024 7/27

https://doi.org/10.1371/journal.pone.0011499
https://doi.org/10.1158/1541-7786.mcr-16-0156
https://doi.org/10.3389/fnins.2011.00098
https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.n2bvjx16xlk5/v2


7. Marselli, L.; Sgroi, D.C.; Bonner-Weir, S.; Weir, G.C

. Laser capture microdissection of human pancreatic beta-cells and RNA preparation for gene expression profiling.

Methods Mol. Biol. 2009, 560, 87–98.

https://doi.org/10.1007/978-1-59745-448-3_8 LINK

Citation

8. Marselli, L.; Thorne, J.; Ahn, Y.B.; Omer, A.; Sgroi, D.C.; Libermann, T.; Otu, H.H.; Sharma, A.; Bonner-Weir, S.;Weir,

G.C

. Gene expression of purified beta-cell tissue obtained from human pancreas with laser capture microdissection.

J. Clin. Endocrinol. Metab. 2008, 93, 1046–1053.

https://doi.org/10.1210/jc.2007-0931 LINK

Citation

9. Negi, S.; Jetha, A.; Aikin, R.; Hasilo, C.; Sladek, R.; Paraskevas, S

. Analysis of beta-cell gene expression reveals inflammatory signaling and evidence of dedifferentiation following

human islet isolation and culture.

PLoS ONE 2012, 7, e30415.

https://doi.org/10.1371/journal.pone.0030415 LINK

Citation

protocols.io | https://dx.doi.org/10.17504/protocols.io.n2bvjx16xlk5/v2 April 20, 2024 8/27

https://doi.org/10.1007/978-1-59745-448-3_8
https://doi.org/10.1210/jc.2007-0931
https://doi.org/10.1371/journal.pone.0030415
https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.n2bvjx16xlk5/v2


10. Beintema, J.J.; Scheffer, A.J.; van Dijk, H.; Welling, G.W.; Zwiers, H

. Pancreatic ribonuclease distribution and comparisons in mammals. Nat. New Biol. 1973, 241, 76–78.

https://doi.org/10.1038/newbio241076a0 LINK

Citation

11. Beintema, J.J.; Campagne, R.N.; Gruber, M. Rat pancreatic ribonuclease I. Isolation and properties.

Biochim. Biophys. Acta 1973, 310, 148–160.

https://doi.org/10.1016/0005-2795(73)90019-6 LINK

Citation

12. Butler, A.E.; Matveyenko, A.V.; Kirakossian, D.; Park, J.; Gurlo, T.; Butler, P.C

. Recovery of high-quality RNA from laser capture microdissected human and rodent pancreas.

J. Histotechnol. 2016, 39, 59–65.

https://doi.org/10.1080/01478885.2015.1106073 LINK

Citation

protocols.io | https://dx.doi.org/10.17504/protocols.io.n2bvjx16xlk5/v2 April 20, 2024 9/27

https://doi.org/10.1038/newbio241076a0
https://doi.org/10.1016/0005-2795(73)90019-6
https://doi.org/10.1080/01478885.2015.1106073
https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.n2bvjx16xlk5/v2


13. Sturm, D.; Marselli, L.; Ehehalt, F.; Richter, D.; Distler, M.; Kersting, S.; Grutzmann, R.; Bokvist, K.; Froguel, P.;

Liechti, R.; et al

. Improved protocol for laser microdissection of human pancreatic islets from surgical specimens.

J. Vis. Exp. 2013, 71.

https://doi.org/10.3791/50231 LINK

Citation

14. Zhang, X.; Huang, Q.H.; Han, Z.G

. Generation of cDNA libraries for profiling gene expression of given tissues or cells.

Methods Mol. Biol. 2003, 221, 179–195.

https://doi.org/10.1385/1-59259-359-3:179 LINK

Citation

15. Puavilai, G.; Chanprasertyotin, S.; Sriphrapradaeng, A

. Diagnostic criteria for diabetes mellitus and other categories of glucose intolerance: 1997 criteria by the Expert

Committee on the Diagnosis and Classification of Diabetes Mellitus (ADA), 1998 WHO consultation criteria, and 1985

WHO criteria. World Health Organization.

Diabetes Res. Clin. Pr. 1999, 44, 21–26.

https://doi.org/10.1016/s0168-8227(99)00008-x LINK

Citation

protocols.io | https://dx.doi.org/10.17504/protocols.io.n2bvjx16xlk5/v2 April 20, 2024 10/27

https://doi.org/10.3791/50231
https://doi.org/10.1385/1-59259-359-3:179
https://doi.org/10.1016/s0168-8227(99)00008-x
https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.n2bvjx16xlk5/v2


16. Mezza, T.; Cefalo, C.M.A.; Cinti, F.; Quero, G.; Pontecorvi, A.; Alfieri, S.; Holst, J.J.; Giaccari, A

. Endocrine and Metabolic Insights from Pancreatic Surgery. Trends Endocrinol. Metab. 2020, 31, 760–772.

https://doi.org/10.1016/j.tem.2020.07.003 LINK

Citation

17. Li, D.; Ren, W.; Wang, X.; Wang, F.; Gao, Y.; Ning, Q.; Han, Y.; Song, T.; Lu, S

. A modified method using TRIzol reagent and liquid nitrogen produces high-quality RNA from rat pancreas.

Appl. Biochem. Biotechnol. 2009, 158, 253–261.

https://doi.org/10.1007/s12010-008-8391-0 LINK

Citation

18. Mack, E.; Neubauer, A.; Brendel, C

. Comparison of RNA yield from small cell populations sorted by flow cytometry applying different isolation

procedures.

Cytom. A 2007, 71, 404–409.

https://doi.org/10.1002/cyto.a.20391 LINK

Citation

protocols.io | https://dx.doi.org/10.17504/protocols.io.n2bvjx16xlk5/v2 April 20, 2024 11/27

https://doi.org/10.1016/j.tem.2020.07.003
https://doi.org/10.1007/s12010-008-8391-0
https://doi.org/10.1002/cyto.a.20391
https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.n2bvjx16xlk5/v2


19. Muyal, J.P.; Muyal, V.; Kaistha, B.P.; Seifart, C.; Fehrenbach, H

. Systematic comparison of RNA extraction techniques from frozen and fresh lung tissues: Checkpoint towards gene

expression studies.

Diagn. Pathol. 2009, 4, 9.

https://doi.org/10.1186/1746-1596-4-9 LINK

Citation

20. Wilusz, J.E.; Sunwoo, H.; Spector, D.L. Long noncoding RNAs: Functional surprises from the RNA world.

Genes Dev. 2009, 23, 1494–1504.

https://doi.org/10.1101/gad.1800909 LINK

Citation

21. Srinivasan, M.; Sedmak, D.; Jewell, S

. Effect of fixatives and tissue processing on the content and integrity of nucleic acids.

Am. J. Pathol. 2002, 161, 1961–1971.

https://doi.org/10.1016/s0002-9440(10)64472-0 LINK

Citation

protocols.io | https://dx.doi.org/10.17504/protocols.io.n2bvjx16xlk5/v2 April 20, 2024 12/27

https://doi.org/10.1186/1746-1596-4-9
https://doi.org/10.1101/gad.1800909
https://doi.org/10.1016/s0002-9440(10)64472-0
https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.n2bvjx16xlk5/v2


22. Evers, D.L.; Fowler, C.B.; Cunningham, B.R.; Mason, J.T.; O’Leary, T.J

. The effect of formaldehyde fixation on RNA: Optimization of formaldehyde adduct removal.

J. Mol. Diagn. 2011, 13, 282–288.

https://doi.org/10.1016/j.jmoldx.2011.01.010 LINK

Citation

23. Daub, C.D.; Wang, J.; Kudesia, S.; Bratko, D.; Luzar, A

. The influence of molecular-scale roughness on the surface spreading of an aqueous nanodrop.

Faraday Discuss. 2010, 146, 67–77, Discussion 79–101, 395–401.

https://doi.org/10.1039/b927061m LINK

Citation

24. Mezza, T.; Cinti, F.; Cefalo, C.M.A.; Pontecorvi, A.; Kulkarni, R.N.; Giaccari, A

. Beta-Cell Fate in Human Insulin Resistance and Type 2 Diabetes: A Perspective on Islet Plasticity.

Diabetes 2019, 68, 1121–1129.

https://doi.org/10.2337/db18-0856 LINK

Citation

protocols.io | https://dx.doi.org/10.17504/protocols.io.n2bvjx16xlk5/v2 April 20, 2024 13/27

https://doi.org/10.1016/j.jmoldx.2011.01.010
https://doi.org/10.1039/b927061m
https://doi.org/10.2337/db18-0856
https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.n2bvjx16xlk5/v2


25. Mezza, T.; Muscogiuri, G.; Sorice, G.P.; Clemente, G.; Hu, J.; Pontecorvi, A.; Holst, J.J.; Giaccari, A.; Kulkarni, R.N

. Insulin resistance alters islet morphology in nondiabetic humans. Diabetes 2014, 63, 994–1007.

https://doi.org/10.2337/db13-1013 LINK

Citation

26. Mezza, T.; Sorice, G.P.; Conte, C.; Sun, V.A.; Cefalo, C.M.; Moffa, S.; Pontecorvi, A.; Mari, A.; Kulkarni, R.N.;

Giaccari, A

. Beta-Cell Glucose Sensitivity Is Linked to Insulin/Glucagon Bihormonal Cells in Nondiabetic Humans.

J. Clin. Endocrinol. Metab. 2016, 101, 470–475.

https://doi.org/10.1210/jc.2015-2802 LINK

Citation

27. Philips, T.; Kusmartseva, I.; Gerling, I.C.; Campbell-Thompson, M.; Wasserfall, C.; Pugliese, A.; Longmate, J.A.;

Schatz, D.A.; Atkinson, M.A.; Kaddis, J.S

. Factors That Influence the Quality of RNA From the Pancreas of Organ Donors. Pancreas 2017, 46, 252–259.

https://doi.org/10.1097/mpa.0000000000000717 LINK

Citation

protocols.io | https://dx.doi.org/10.17504/protocols.io.n2bvjx16xlk5/v2 April 20, 2024 14/27

https://doi.org/10.2337/db13-1013
https://doi.org/10.1210/jc.2015-2802
https://doi.org/10.1097/mpa.0000000000000717
https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.n2bvjx16xlk5/v2


28. Ebrahimi, A.; Jung, M.H.; Dreyfuss, J.M.; Pan, H.; Sgroi, D.; Bonner-Weir, S.;Weir, G.C

. Evidence of stress in beta cells obtained with laser capture microdissection from pancreases of brain dead donors.

Islets 2017, 9, 19–29.

https://doi.org/10.1080/19382014.2017.1283083 LINK

Citation

protocols.io | https://dx.doi.org/10.17504/protocols.io.n2bvjx16xlk5/v2 April 20, 2024 15/27

https://doi.org/10.1080/19382014.2017.1283083
https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.n2bvjx16xlk5/v2


Materials

List of Equipment and Reagents

The following reagents were used:

Tissue-Tek OCT medium (Sakura Finetek, Flemingweg, NL, USA, Cat# 4583)

Isopentane (2-methylbutane) (Fisher Scientific,Waltham, MA, USA, Cat# 03551-4)

DEPC-treated water (Invitrogen, Carlsbad, CA, USA, Cat# 750024)

Ethanol 100% (Pharmco, Brookfield, CT, USA Cat# 1000200SG)

Ethanol 70%(dilute 100% ethanolwith DEPC-treatedwater to obtain 70%ethanol solution)

Xylene (Fisher Scientific,Waltham, MA, USA, Cat# UN1307)

SUPERase.IN™ (Ambion, Austin, TX, USA, Cat# AM2694)

RNeasy Micro Kit 50 (Qiagen, Germantown, MD, USA, Cat# 740049)

Qiazol lysis reagent, 50 mL (Qiagen, Germantown, MD, USA, Cat#55402828)

RNeasyMinElute Clean-up Kit 50 (Qiagen, Germantown, MD, USA, Cat#74204)

PicoPure RNA isolation kit (Applied Biosystems by Thermo Fisher Scientific, Vilnius, Lithuania, Cat# KIT0204)

RNase-Free DNase Set 50 (Qiagen, Germantown, MD, USA, Cat# 79254)

The following laboratory materials and equipment were required:

Cryomold (Fisher Scientific,Waltham, MA, USA, Cat# 22-038217)

Frosted microscope slides (Corning, New York, NY, USA, Cat# 2948-75X25)

Polypropylene Falcon Tube (Fisher Scientific,Waltham, MA, USA, Cat# 14-959-49A)

RNaseZap, 250 mL (Ambion, Austin, TX, USA, Cat# 9780)

CapSure HS LCM Caps (Arcturus Engineering, Mountain View, CA, Cat# LCM0214)

GeneAmp® Autoclaved Thin-Walled Reaction Tubes (Applied Biosystems by ThermoFisher Scientific, Vilnius,

Lithuania, Cat# N801-0611)

Tweezers and forceps

Pipettes: 20–200 µL and nuclease-free pipette tips

Cryostat

Fume hood

PixCell® IIe Laser Capture Microdissection System (Arcturus Engineering, Mountain View, CA, USA)

Incubator (Fisher Scientific,Waltham, MA, USA, Cat# 11690506D)

Microcentrifuge (Fisher Scientific,Waltham, MA, USA, Cat# 05-090-128)
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Materials and Methods

1 To compare the efficiency of different RNA extraction protocols in frozen human islet

samples, we used LCM to collect a mean of 100 islets from pancreatic surgical

specimens, obtained from non-diabetic or diabetic patients who had undergone partial

pancreatectomy for an extra-pancreatic tumor. Surgical procedures were performed by

the Hepato-Biliary Surgery Unit of the Department of Surgery (Agostino Gemelli

University Hospital, Rome, Italy). All the patients involved in the study provided informed

consent for tissue analyses prior to surgery.

The pancreas samples were collected from the downstream edge of the surgical cut. On

the basis of 2 h glycemia after a standard glucose load ( 75 g  ) prior to surgery,

patients were divided into non-diabetic (n= 7) or diabetic (n= 2), according to the

American Diabetes Association guidelines [15]. Clinical and metabolic characteristics of

the two groups before surgery are summarized in Table 1. As expected, patients with

diabetes exhibited higher fasting blood glucose and postprandial blood glucose levels (2

h after an oral glucose tolerance test) compared to non-diabetic subjects. However, even

though median HbA1c levels were higher in diabetic subjects compared to others, the

difference did not reach statistical significance, suggesting the diabetes was either well

compensated or the disease was in an early phase. No differences were observed in

serum insulin levels or insulin resistance parameters (e.g., Matsuda index) or in the lipid

profile between the two groups.

Table 1. Subject characteristics prior to surgery, classified into non-diabetic and diabetic

groups

according to an oral glucose tolerance test.
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The total amount of RNA from each microdissected sample was evaluated with

Nanodrop by absorbance at 260 and 280 nm; subsequently, 1 µL  of RNA was

analyzed by the Agilent 2100 Bioanalyzer to assess RNA quality. 

To exclude potential differences due to islet sources and isolation procedures, we also

performed protocols using handpicked islets from organ donors (OD islets), including

one non-diabetic and one diabetic individual, provided by the Integrated Islet Distribution

Program (IIDP), as positive controls.

1.1 Sample Processing and Sectioning

Sample processing was performed in the Endocrinology Department of the Catholic

University (Rome) and shipped to the Joslin Diabetes Center (Boston) for sectioning and

LCM procedures.

To maintain tissue integrity, tissue processing was completed within 60 min of the

surgical removal of the tumor. The dissected pancreatic tissue specimens (1 × 1 cm²)

were quickly placed into a cryomold and covered with an optimal cutting temperature

(OCT) compound. The mold was then placed in an isopentane–dry ice bath until the OCT

compound became completely solid. Finally, the frozen specimen was stored in foil in a 

-80 °C   freezer until sectioning.

Tissue sections were cut using a cryostat maintained at -20 °C  using a blade

previously wiped down with 100% ethanol, and individual sections were mounted onto

frosted slides. The cryoblocks were previously placed inside the cryostat for ~30 min to

reach cutting temperature and avoid breakage; the cryostat’s wheel was rotated slowly
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and steadily to avoid the formation of bubbles or folds. At least 30 sections were

processed, each of 8 µm thickness, to obtain 100 islets for each subject. Subsequently,

all sections were stored at -80 °C  . One slide was chosen from every five sequential

sections for staining with hematoxylin and eosin to localize the islets prior to LCM

sessions.

1.2 Laser Capture Microdissection

Islet preparations for downstream analyses were obtained from frozen samples by LCM.

Prior to the LCM procedure, the sections were dehydrated and cleared in a fume hood by

systematically dipping the slides one after the other in the solutions listed below:

Rinsing in diethylpyrocarbonate (DEPC)-treated water

70% ethanol for 30 s

100% ethanol twice for 1 min

Xylene for 4 min

All the solutions, except xylene, were prepared the day before and stored at 4 °C   to

ensure optimum performance. The slides were dried in the fume hood for 3–5 min before

LCM. We used desiccant cartridges with silica gel (Fisher Scientific 08-594-14B) and a

vacuum desiccator (Fischer Scientific F420120000) as alternative methods to more

effectively dry the slides, if necessary.

LCM was performed using the PixCell II Laser Capture Microdissection System (Arcturus

Engineering, Mountain View, CA, USA). The power setting for the laser pulse was at 35

mW with a duration of 2.5 ms to limit tissue trauma and provide greater precision.

Subsequently, selected populations of cells were cut with the laser and mounted on

transparent LCM caps provided by Arcturus. To collect material for RNA analysis, at the

end of the section, the thermoplastic film containing the microdissected cells was

covered with a GeneAmp microfuge tube filled with 11 µL  of RNA extraction buffer

(guanidine isothiocyanate and polyethylene glycol octylphenol) plus 0.5 µL  of

RNase inhibitor 1 U/µL (SUPERase·IN Ambion, Cat# AM2694), as previously reported

[12], and incubated for 30 min at 42 °C  . Each session lasted no longer than 30 min

to avoid RNA degradation. After incubation, the tube and the attached cap with captured

islets were centrifuged at 800 g  for 1 min to collect the extract into the microfuge

tube and immediately transported on dry ice and stored at -80 °C  .

To avoid contamination and RNA degradation, we noted that it is necessary to accurately

follow all the steps, especially during the final collection. In particular, we observed that
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the use of 100% ethanol and RnaseZap to clean the bench and microscope surfaces,

pipettes, and forceps was critical. Other key precautions included using disposable

gloves and wearing a mask during all procedures. Faster execution of LCM procedures

vastly improved the quality of the RNA. Further, to minimize exocrine contamination, we

selectively collected cells from the islet core.

1.3 RNA Extraction: Methods

After collection of islets by LCM from surgical specimens of pancreatectomized patients

(PP islets), the RNA was extracted using four different protocols, whose efficacy was

evaluated by comparing Nanodrop and bioanalyzer results.

1. PicoPure Extraction Kit: First, we used the PicoPure extraction kit by Applied

Biosystems by Thermo Fisher Scientific, Vilnius, Lithuania), using a 1:1 ratio of extraction

buffer (guanidine isothiocianate) to 70% ethanol. We included DNase treatment by

incubating extracted RNA with RNase-free DNase reagent (Qiagen, Germantown, MD,

USA) for 15 min. Subsequently, to obtain better RNA quality compared to previous

reports (e.g., mean RIN of 5.8) [13], we added a purification step using the RNeasy Mini

Clean-up kit (Qiagen, Germantown, MD, USA), which allows the concentration of at least

100 µg  of total RNA (≥200 nucleotides) in an elution volume of 30–100 µL. We

performed this process on islets extracted from 7 non-diabetic PP samples and 2

diabetic PP samples.

To improve both the quantity and the quality of the RNA, we first performed RNA

extraction on LCM-collected islets from one non-diabetic and one diabetic subject using

Qiazol reagent as lysis cell buffer, which has been reported to produce high-quality RNA

from rat pancreas [16]. We used samples that showed a better RIN after bioanalyzer

evaluation following the purification step with the RNeasy Mini Clean-up kit (Qiagen

Germantown, MD, USA).

Then, to optimize the use of the extremely limited material, we performed LCM on all

samples and pooled all material obtained from non-diabetic (n= 7) and diabetic (n= 2)

subjects; finally, we optimized the process comparing the total amount and the integrity

of the RNA extracted from the two samples with three other protocols.

2. Qiazol: In this protocol, we avoided the use of binding columns to minimize the loss of

material; thus, 700 µL  of Qiazol lysis reagent (Qiagen, Germantown, MD, USA) was

added to each sample to permit dissociation and homogenization of nucleoprotein

complexes, followed by transfer of the supernatant to a new tube. Addition of 

140 µL  of chloroform followed by a 15 min centrifugation step allowed the

separation of the colorless aqueous upper phase containing the ribonucleic acid from
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the pink lower phase rich in organic proteins and included the interphase where DNA

was present. Total RNA was precipitated in a gel-like pellet on the sides and bottom of

the tube by mixing the aqueous phase with 350 µL  of isopropyl alcohol. To avoid

DNA contamination, we incubated the extracted material for 15 min with RNase-free

DNase reagent (Qiagen, Germantown, MD, USA). Two washing steps with ethanol were

performed to remove contamination, and the extracted RNA was dissolved in 40 µL

of DEPC-treated water for downstream analysis.

3. Qiazol/Clean-up: In testing this method, we used the previous protocol that included a

purification step using the RNeasy Mini Clean-up kit (Qiagen, Germantown, MD, USA, 

Cat#74204), according to the protocol suggested by the manufacturer (Qiagen). The use

of a mini spin column allowed binding of total RNA to the membrane, while the

contaminants were efficiently washed away. The final RNA was dissolved in 14 µL

of DEPC-treated water.

4. Microkit/Carrier: In this protocol, we used Qiazol as lysis cell buffer and performed

RNA extraction using the RNeasy Microkit 50 (Qiagen, Germantown, MD, USA, Cat#

740049). This method was designed for isolation of total RNA (up to 45 µg  ) from

small samples. To improve the recovery of total RNA from small samples, we added 

5 µL  of a 4 ng/μL working solution of poly-ARNA carrier to the lysate. Subsequently,

the first steps of the column-based isolation protocol were the same as the first method

tested (PicoPure extraction kit by Applied Biosystems by Thermo Fisher Scientific,

Vilnius, Lithuania) and involved Qiazol and chloroform solutions to lyse and homogenize

samples. Ethanol was added to reach ideal binding conditions, and the lysate contained

in the aqueous phase was transferred into the RNeasy MinElute spin column to allow

RNA binding to the silica membrane. DNase and any contaminants were efficiently

washed away with ethanol, and pure concentrated RNA was eluted in 14 µL  of

DEPC-treated water.

In all the protocols described above, we added 0.75 µL  of RNase inhibitor to the

total volume of isolated RNA at the end of each procedure to minimize its degradation.

RNA Extraction: Results

2 Nanodrop assessment of RNA, extracted from both non-diabetic and diabetic PP islets

using the first protocol (PicoPure extraction kit by Applied Biosystems by Thermo Fisher

Scientific, Vilnius, Lithuania) and performed before and after the purification experiment,

is reported in Table 2.
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Table 2. Nanodrop assessment of RNA samples extracted with the Arcturus PicoPure

extraction kit

before and after the purification step with the RNeasy Mini Clean up kit in PP islets.

We observed a 50% loss of RNA after the purification step in both non-diabetic and

diabetic subjects (Figure 1a) despite the improvement in the 260/280 absorbance in both

groups, which reached statistical significance only in the non-diabetic group (Figure 1b).

RNA concentrations were comparable between non-diabetic and diabetic patients both

before and after purification (before purification p= 0.83; after purification p= 0.88)

(Figure 1b). The mean 260/280 absorbance showed no significant difference between

non-diabetic and diabetic subjects in both cases (before purification p= 0.7; after

purification p= 0.92) (Figure 1b).

Figure 1. Concentration (a) and 260/280 absorbance (b) of RNA extracted with the
Arcturus PicoPure extraction kit before (black bars) and after (white bars) the purification
step with the RNeasy Mini Clean-up kit in PP islets of non-diabetic and diabetic subjects.
ND: non-diabetic PP; DM: diabetic PP, value interaction between pre- and post-purification
process. A 50% reduction in the mean concentration was evident in both groups after
purification. Variables are expressed as the mean ± SD. PP: pancreatectomized patients.
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Although we observed relatively good 260/280 ratios, as assessed by Nanodrop after

the purification step (Table 2), the bioanalyzer evaluation showed a lower concentration

and a low RNA integrity number, suggesting degradation of RNA (Table 3).

Table 3. Bioanalyzer evaluation of RNA extracted with the Arcturus PicoPure kit and the

RNeasy Mini Clean up Kit in PP islets.

Nanodrop assays for the RNA extraction protocols performed using Qiazol as lysis buffer

on PP islets of one non-diabetic sample (resulted from pooling of islets extracted from 

n= 7 non-diabetic subjects) and one diabetic sample (resulted from pooling of islets

extracted from n= 2 diabetic subjects) and OD islets from one individual non-diabetic

and one individual diabetic subject are reported in Table 4. 

Table 4. Nanodrop assessment of RNA samples extracted with the three different

protocols using Qiazol as lysis buffer from PP and OD islets.
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Using the Qiazol protocol, we observed a consistent RNA concentration in the PP islet

LCM samples from the non-diabetic subject (Table 4), while the bioanalyzer assessment

showed low RIN values probably due to ethanol contamination and inadequate washing

of pellets (Figure 2A). However, this effect was not confirmed on islets from the non-

diabetic OD, in which despite a low concentration (1.33 pg/µL), we reported a high RNA

quality with RIN = 8.6 (Figure 2D).

Figure 2. Non-diabetic subjects (one PP sample and one OD sample): Bioanalyzer
evaluation of RNA purity obtained
by three different protocols: images A and D using Qiazol protocol; images B and E using
Qiazol + Clean-up protocol;
images C and F using Qiazol + RNeasy Microkit/Carrier protocol. Images labeled (A), (B)
and (C) refer to the RNA profiles of human islets from non-diabetic pancreatectomized
patients; images labeled (D), (E) and (F) refer to RNA profiles of non-diabetic organ
donors; 1 µL of RNA of each sample was applied on a PicoAChip and analyzed for
quantity and quality with the Agilent 2100 Bioanalyzer (by Agilent, Santa Clara, CA, USA).
FU: fluorescence units, nt: nucleotides. The RNA concentrations (pg/µL) of the samples
were (1) 19, (2) 878, (3) 100, (4) 1.33, (5) 12, and (6) 15.24.
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The use of silica membrane columns in the Qiazol/Clean-up protocol reduced ethanol

contamination, leading to increased RNA quality in PP islets of non-diabetic subjects

(Figure 2B). This effect was also confirmed when the protocol was applied to non-

diabetic OD samples (Figure 2E).

Furthermore, the Microkit/Carrier protocol resulted in an improvement in RNA quality in

non-diabetic PP islets (Figure 2C). A high RIN was also reported in non-diabetic OD

samples (Figure 2F).

We also compared the last three protocols with Qiazol (for convenience named Qiazol,

Qiazol/Clean-up, and Microkit/Carrier) on LCM islets of diabetic PPs as well as on

handpicked islets of diabetic ODs.

Using the Qiazol protocol, we observed a consistent RNA concentration in the LCM

samples from diabetic PPs, while the bioanalyzer assessment showed RIN = 1 (Figure

3A). In the diabetic OD sample, we were unable to detect RNA quality (RIN = N/A),

probably due to sample contamination (Figure 3D).

The use of silica membrane columns in the Qiazol/Clean-up protocol resulted in an

improvement of RNA quality for diabetic PP islets (Figure 3B), which was also confirmed

in diabetic OD islets samples (Figure 3E). These results were comparable to the RNA

quality detected in non-diabetic subjects (both PPs and ODs).

Figure 3. Diabetic subjects (one PP sample and one OD sample): Bioanalyzer evaluation
of RNA purity obtained by three different protocols: images A and D using Qiazol protocol;
images B and E using Qiazol + Clean-up protocol; images C and F using Qiazol + RNeasy
Microkit/Carrier protocol. Images labeled (A), (B) and (C) refer to RNA profiles of human
islets from non-diabetic pancreatectomized patients; images labeled (D), (E) and (F )refer
to RNA profiles of non-diabetic organ donors; 1 µL of RNA of each sample was applied on
a PicoAChip and analyzed for quantity and quality with the Agilent 2100 Bioanalyzer (by
Agilent, Santa Clara, CA, USA). FU: fluorescence units, nt: nucleotides. The RNA
concentrations (pg/µL) for the samples were (1) 42, (2) 1.96, (3) 29, (4) 125, (5) 25, and
(6) 17.88.
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The Microkit/Carrier protocol showed a consistent improvement of the RNA integrity

number in RNA from diabetic PP islets (Figure 3C), while no improvement was detected

in the RIN in diabetic OD islets (Figure 3F).

The table summarizing and comparing bioanalyzer results of RNA extracted using the

three protocols with Qiazol from islet samples of PP and OD subjects is reported in 

Supplementary Data (Table S1).

Discussion

3 In this study, we aimed to identify an optimal protocol to recover high-quality RNA from

human islets isolated by LCM that can be used for next-generation transcriptomic

analysis. Our results suggest that the Microkit/Carrier protocol results in improved RNA

quality from islets collected by LCM from both non-diabetic as well as diabetic subjects.

All experiments were performed on freshly isolated pancreas samples from living

patients undergoing partial pancreatectomy. These are extremely valuable tissues, and

we believe that pancreatic surgery provides a rare opportunity to correlate in vivo

endocrine and metabolic pathways (before surgery) with ex vivo data generated after

collecting the pancreatic samples [16].

Previous reports on cell culture and peripheral blood mononuclear cells (PBMCs) have

reported that silica gel column technology using the RNeasy Mini-/Microkit is superior in

its ability to extract high-quality RNA compared to protocols using the traditional

guanidine isothiocyanate extraction method [17], which is mostly explained by the high

binding power of silica gel columns. There also appears to be a different outcome in

terms of RNA quantity and quality between the two methods. For example, while the

guanidine thiocyanate (GTC) technique yields a higher amount of RNA compared to the

approach with the silica gel column (SGC), the RNA integrity of fresh as well as frozen

samples of lung tissue appears to be improved with the latter method [18]. This relative

loss of RNA quantity with the SGC technique could be related to the use of columns

holding RNA molecules that are only ~200 nt. The loss of long non-coding RNA (more

than 200 nt) by using the Microkit method could represent a disadvantage by limiting

important insights into molecular functions provided by large-scale sequencing studies

[19].

Despite some limitations, such as the tedious nature of the process and costs, laser

capture microdissection (LCM) has several advantages, e.g., minimizing contamination

from neighboring cells and avoiding changes due to hypoxia-induced stress that occurs

during the normal islet isolation process. Therefore, LCM remains a suitable approach to

extract RNA/protein for studies aimed at gene and protein expression in targeted cells.

Furthermore, the LCM technique guarantees isolation of high-quality RNA from specific

cells from frozen samples. This is especially important when considering formalin-fixed
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tissues that typically provide low yields and poor quality of extractable DNA and RNA

[20], in part due to formalin-induced modifications of the structure and chemistry of

nucleic acids, particularly RNA [21].

Gene and protein expression using DNA microarrays, high-throughput sequencing, or

proteomics analyses comparing various physiological or experimental conditions

represents an essential tool in diverse biological fields to decipher mechanisms and to

identify novel signaling pathways. In the islet biology field, RNA sequencing technologies

have a high likelihood of identifying novel islet cell-specific promoters or splice forms as

well as long non-coding RNAs, which cannot be detected by array analysis. Successful

next-generation sequencing analyses require RNA samples free of contamination and

degradation, easily obtained for sundry tissues using conventional protocols for RNA

preparation. However, RNA isolation from pancreas samples continues to represent a

challenge, given the high levels of endogenous RNases, DNases, and proteases that can

quickly induce cell autolysis upon dissection. Consequently, classical RNA extraction

protocols based on the phenol guanidine thiocyanate method yield RNAs of insufficient

quality for subsequent sequencing analysis. In a published protocol for LCM of human

islets from surgical specimens, the mean value of the RNA integrity number obtained

was 5.8 [13], while in a more recent study, the authors reported an RNA integrity number

mean value of 6 for human pancreatic islets derived from healthy brain-dead donors

after adding an RNase inhibitor [12].

In our experience, Nanodrop results showed no correlation with effective RNA purity, and

we emphasize the importance of bioanalyzer assays to reliably evaluate the yield and

quality of RNA. Indeed, it is known that 260/280 absorbance could be affected by

variables such as pH, phenol or alcohol contamination, or the presence of proteins

[22,23]. Moreover, by analyzing surgical samples obtained from live subjects [24,25,26],

instead of brain-dead donors, we minimized the interference from the effects of

ischemia and the activation of subsequent inflammatory processes on gene expression

[27,28].

Unlike previous studies wherein gene expression is evaluated in beta cell samples

enriched by cell fluorescence, our approach used RNA from beta cells that continue to

be in the islet microenvironment until extraction and therefore reflects interactions

between the different endocrine cell types that is lacking in the former method.

In summary, our comparative studies indicate that the Microkit/Carrier protocol provides

a relatively better yield in both the quality and the quantity of RNA extracted from human

pancreatic samples compared to the other methods, and we propose this approach for

studying differences in gene expression between groups.
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