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Abstract

Differences in methods for biospecimen collection, processing, and storage can yield considerable
variability and error. Therefore, best practices for standard operating procedures are critical

for successful discovery, development, and validation of disease biomarkers. Here, we describe
standard operating procedures developed for biospecimen collection during the DREAM (Diabetes
RElated to Acute pancreatitis and its Mechanisms) Study within the Type 1 Diabetes in Acute
Pancreatitis Consortium (T1DAPC). Notably these protocols were developed using an integrative
process based on prior consortium experience and with input from working groups with expertise
in immunology, pancreatitis and diabetes. Publication and adoption consistent biospecimen
protocols will inform future studies and allow for better comparisons across different metabolic
research efforts.

Keywords
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INTRODUCTION

Scientific breakthrough research would not be possible without the participation of
individuals who selflessly donate biological specimens, which are used as a research bridge
between basic and translational research. Best practices for specimen collection, processing
and storage are key for consistency and validity of research findings emanating from
biospecimen testing.13 Thus, the careful curation and storage of biospecimens is also part
of both ethical and scientific importance.134
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The type 1 diabetes in acute pancreatitis consortium (TLDAPC), supported by the National
Institute for Diabetes and Digestive and Kidney Diseases (NIDDK), has established a
biospecimen committee to develop standard operating procedures (SOP) for biospecimen
collection during the DREAM (Diabetes RElated to Acute pancreatitis and its Mechanisms)
Study to improve our understanding of the mechanistic underpinnings resulting in the
development of diabetes after acute pancreatitis (AP). This SOP builds upon the document
developed for the Chronic Pancreatitis Diabetes Pancreas Cancer Consortium (CPDPC),
supported by the National Cancer Institute (NCI) and the NIDDK.2

There are several unique components of the TLDAPC biospecimen committee structure
worth reporting. Notably several working groups were queried (the immunology, the
pancreatitis and the diabetes working groups), and by an integrative process their efforts
(reported elsewhere in this collection) were incorporated into the biorepository design as
detailed below. The TIDAPC SOPs will serve as a valuable resource for investigators
wishing to engage in performing research within and outside of the consortium with an
interest in pancreatitis related diabetes.

OBJECTIVES

In addition to the previously outlined objectives of the DREAM Study, a major collaborative
effort within the consortium will be the establishment of an annotated repository of
biospecimens (serum, plasma, peripheral blood mononuclear monocytes [PBMC], DNA,
RNA, and stool). The TIDAPC biorepository will allow the identification of biomarkers to
achieve the following objectives: 1) risk stratification of pancreatitis participants, 2) early
detection of type 1 diabetes, 3) narrowing knowledge gaps of interrelationships between the
endocrine and exocrine pancreas, and 4) informing the development of future strategies to
prevent or reverse diabetes after AP.

MEETINGS

The T1DAPC formed a Biospecimen Committee, including 2 Co-Chairs (C.W. and D.L.C.)
and a data coordinating center (DCC) Biostatistician (A.M.D.), which met monthly for 18
months. The Biospecimen Committee was composed of representatives of all the clinical
centers, members of the TLDAPC Working Groups (pancreatitis, diabetes, immunology) and
the NIDDK. The committee co-chairs and DCC Biostatistician met at a minimum weekly to
organize the committee and provided monthly reports to the TLDAPC Steering Committee
as requested.

RESOURCES UTILIZED

CPDPC SOPs were used as a starting point along with TADAPC clinical center SOPs. Blood
and stool (as detailed in Table 1 and 2) were the initial TADAPC SOPs to be developed

for the DREAM Study. It was decided that if ancillary studies were developed that needed
additional biospecimens, the CPDPC SOP would be consulted for initial guidance (pancreas
juice, urine, saliva, tissue and other).
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PROCESS

Similarly to the aforementioned CPDPC effort, consensus was obtained for best practices
and SOP developed and added to the manual of operations (MOP). These were relatively
straightforward for standard serum, plasma and stool collections since these have been well
characterized and utilized across many consortia.2>6 The consortium currently has several
clinical centers, some with satellite sites, from which study participants are enrolled’ (Fig.
1). Most samples collected from these participants are processed according to the SOPs
and aliquots stored locally until shipment to the study biorepository, Penn State University
Institute for Personalized Medicine (PSU-IPM) and the NIDDK Central Repository (DKCR)
(Figs. 1 and 2; Tables 1 and 2). However, the working groups specific to the TIDAPC
brought unique insight to the biorepository. The rationale and mechanisms of obtaining
these samples are described in detail elsewhere.”:8 Specifically, the immunology working
group strongly supported the use of centralized and standardized processing of PBMC? to
minimize the variability introduced by having multiple laboratories process these samples
and to standardize processing and storage. The heparinized (green top) blood samples have
an aliquot taken with blood cell stabilizers added, frozen, stored and remaining green top
samples sent same day with overnight shipping to a centralized PBMC processing facility.
Cryopreserved PBMC are then periodically shipped to the central repository on liquid
nitrogen until needed for functional assays (Fig. 1).

The pancreatitis working group finalized and advised the biospecimen committee on
collection of stool samples as outlined Table 1 and Figure 1. The clinical centers will

send an aliquot of stool samples to JOLI Diagnostic, Inc. (Williamsviille, NY, http://
jolidiagnostic.com) for fecal elastase measurement with data being sent back to the

clinical site. The remainder of stool samples are initially collected in OMNIgene-GUT and
OMNImet-GUT tubes (DNA Genotek, Ottawa, Canada, https://www.dnagenotek.com), and
then aliquoted, for future microbiome and metabolome studies respectively (Table 1). These
samples will be sent to the central repository periodically for storage and distribution as
indicated (Fig. 1).

The diabetes working group focused on aspects related to monitoring progression to diabetes
as described in the diabetes working group manuscript.19 A unique aspect of this is timed
sampling of blood following a glucose or standardized meal challenge and the use of P800
plasma collection tubes (Becton Dickinson, Franklin Lakes, NJ) containing a cocktail of
protease inhibitors specifically used to stabilize labile hormones (Fig. 2 and Table 2). The
clinical sites are responsible for aliquoting and storing these samples and then periodically
sending batched samples to the study biorepository (Fig. 1).

The biorepository is responsible for sending samples periodically to the designated
endocrine laboratory (Indiana University Center for Diabetes and Metabolic Diseases
Translation Core) for analysis of the samples from the glucose or meal challenge procedure.
Also, periodically a serum aliquot from each participant visit will be sent to the autoantibody
laboratory (Barbara Davis Center for Diabetes - University of Colorado) for analysis of
traditional T1D associated autoantibodies.!! Finally, the Tempus tube (Applied Biosystems,
Waltham, Mass) samples will be distributed for RNA transcriptome analysis as described in
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the immunology working group manuscript.8 A PAXgene tube (Qiagen, Germantown, Md)
will be collected once from each participant in the study for future genomic studies (Fig. 1).

The biorepository will keep in reserve 20-30% of samples for eventual long-term storage at
the DKCR. Ancillary studies are anticipated throughout the duration of the study and upon
approval samples will be sent to investigators.

PREPARATION OF WRITTEN SOPs

TRAINING

Representatives from each clinical center with expertise in immunology, diabetes,
pancreatitis and stool testing were solicited for their opinion on the initial versions of the
SOPs and a final version was approved by the Steering Committee and included in the MOP.

Because sample processing was relatively straightforward, biospecimen collection and
processing was incorporated into DREAM Coordinator training. Coordinators and lab
technicians were required to undergo a separate Data Management System (DMS) training
specific to sample management.

BIOINFORMATICS DATA MANAGEMENT SYSTEM

The Sample Tracking (ST) module of the DCC DMS!2 serves as the bioinformatics data
management system in TLDAPC. In ST, users can generate sample specific barcoded labels.
After labeling samples, users will use ST to associate participant information (1D, visit,
collection date) with the sample barcode, as well as sample volume. Sample tracking is

also used to ship samples from the sites to labs and the biorepository, and for the labs and
biorepository to mark samples received.

LONG-TERM STORAGE/PRESERVATION

The Penn State Institute for Personalized Medicine was selected to serve as the TIDAPC
biorepository. Aliquoted samples are stored in 2 mL cryovials suitable for long-term
storage. These will be stored in —80°C freezers at the clinical sites until shipment to the
biorepository. Upon shipment to the biorepository, samples will be maintained in -80°C
freezers, or liquid nitrogen (LN) tanks for PBMCs, located at two separate sites within

the Penn State College of Medicine and supported by separate electric grids and backup
generators. All —80°C freezers have direct CO2 backup systems, while the LN freezer is
connected directly to an LN storage tank that provides automated backup. All -80°C and
LN freezers are monitored continuously (24 h/d; 7 d/wk) by remote monitoring with output
providing continuous temperature records of each unit as well as notification systems in case
of temperature deviation.

Location and status of each sample are maintained in a FreezerPro database (version
7.5.1 Azenta Life Sciences, Chelmsford, Mass). Accuracy of the location information in
FreezerPro is routinely verified by monthly spot checks and immediately following the
upload of any large data sets.
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DISCUSSION

We have successfully developed an SOP within the TLDAPC for the DREAM Study to
facilitate the identification and validation of biomarkers for risk stratification, early detection
and to improve our understanding of pancreatitis related diabetes. It has been well described
in the literature that differences in specimen collection, processing, and storage methods can
become a considerable source of error in studies that relate to the discovery, development,
and validation of biomarkers.1=3 This trend is particularly true for biospecimens collected
for pancreas research in which prior biomarker development is lacking. Thus, it is essential
that the procedures for collection, handling, processing and storage of biospecimens be
tested, standardized, and carefully documented to optimize biological sample use for
pancreas research.

The DREAM biospecimens will be a rich source for biomarker investigations that will
improve our understanding of pancreatitis related diabetes and will have far reaching impact
for the present and future. Biospecimens will be available to the scientific community
through ancillary study collaboration with a TIDAPC clinical center during the lifetime of
the TIDAPC. In the future, approximately 20-30% of the DREAM biospecimens along with
matching essential data elements will be stored at the DKCR and will be available for the
wider scientific community at the end of the DREAM Study.
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Abbreviations

AP Acute Pancreatitis

CPDPC Chronic Pancreatitis Diabetes Pancreas Cancer Consortium

DCC Data Coordinating Center

DMS Data Management System

DKCR NIDDK Central Repository

DREAM Diabetes RElated to Acute pancreatitis and its Mechanisms

LN Liquid Nitrogen

MOP Manual of Operations

NCI National Cancer Institute

NIDDK National Institute of Diabetes and Digestive and Kidney Diseases

PBMC Peripheral Blood Mononuclear Cells

PSU-1PM Penn State University Institute for Personalized Medicine

SOP Standard Operating Procedures

ST Sample Tracking Module

T1DAPC Type 1 Diabetes in Acute Pancreatitis Consortium
REFERENCES

1.

Feng Z, Kagan J, Pepe M, et al. The Early Detection Research Network’s Specimen reference sets:
paving the way for rapid evaluation of potential biomarkers. Clin Chem. 2013;59:68-74. [PubMed:
23193062]

. Fisher WE, Cruz-Monserrate Z, McElhany AL, et al. Standard operating procedures for

biospecimen collection, processing, and storage: From the Consortium for the Study of Chronic
Pancreatitis, Diabetes, and Pancreatic Cancer. Pancreas. 2018;47:1213-1221. [PubMed: 30325860]

. Moore HM, Kelly AB, Jewell SD, et al. Biospecimen reporting for improved study quality (BRISQ).

Cancer Cytopathol. 2011;119:92-101. [PubMed: 21433001]

. Biorepositories and Biospecimen Research Branch. NCI Best Practices for Biospecimen Resources.

Bethesda, MD; National Cancer Institute, National Institutes of Health: 2016. Available at: https://
biospecimens.cancer.gov/bestpractices/. Accessed April 2022.

. Sanderson-November M, Silver S, Hooker V, et al. Biorepository best practices for research and

clinical investigations. Contemp Clin Trials. 2021;116:106572. [PubMed: 34583056]

Pancreas. Author manuscript; available in PMC 2023 July 01.


https://biospecimens.cancer.gov/bestpractices/
https://biospecimens.cancer.gov/bestpractices/

1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wasserfall et al.

Page 8

. Hullsiek KH, George M, Brown SK. Designing and managing a flexible and dynamic biorepository

system: a 15-year perspective from the CPCRA, ESPRIT, and INSIGHT clinical trial networks.
Curr Opin HIV AIDS. 2010;5:538-544. [PubMed: 20978398]

. Hart PA, Papachristou GI, Park WG, et al. Rationale and design for the Diabetes RFlated to Acute

pancreatitis and its Mechanisms (DREAM) study: A prospective cohort study from the Type 1
Diabetes in Acute Pancreatitis Consortium (T1DAPC). Pancreas. 2022;51: XXX-XXX.

. Casu A, Grippo PJ, Wasserfall C, et al. Evaluating the Immunopathogenesis of Diabetes Following

Acute Pancreatitis in the Diabetes RElated to Acute Pancreatitis and Its Mechanisms (DREAM)
Study: From the Type 1 Diabetes in Acute Pancreatitis Consortium (T1DAPC). Pancreas.
2022;51: XXX-XXX.

. Ahmed S, Cerosaletti K, James E, et al. Standardizing T-Cell biomarkers in type 1 diabetes:

challenges and recent advances. Diabetes. 2019;68:1366—1379. [PubMed: 31221801]

10. Dungan KM, Hart PA, Andersen DK, et al. Assessing the pathophysiology of hyperglycemia in

the Diabetes RElated to Acute Pancreatitis and Its Mechanisms Study (DREAM): From the Type 1
Diabetes in Acute Pancreatitis Consortium (TLDAPC). Pancreas. 2022;51: XXX-XXX.

11. So M, O’Rourke C, Ylescupidez A, et al. Characterising the age-dependent effects of risk factors

on type 1 diabetes progression. Diabetologia. 2022;65:684-694. [PubMed: 35041021]

12. Dyer AM, Baab K, Merchlinski A, et al. Rationale and development of a data coordinating

center to support the Type 1 Diabetes in Acute Pancreatitis Consortium (TLDAPC). Pancreas.
2022;51: XXX-XXX.

Pancreas. Author manuscript; available in PMC 2023 July 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Wasserfall et al. Page 9

_________
______
.

Clinical

Biorepository - PSU }

Centers \—/ PSU-IPM et Coordinating Center
Quarterly AR %
T .
o' ‘0
Residual NIDDK
R ) RNA
Satellite 5 .
Clinics i 3 : .
: ," . Quarterly :'
© V4 : ¢ TBD (or TBD) 2
" Monthly
Study
Participants /. [Ancillary studies]

Autoantibody

Fecal .
screening lab

Elastase Lab

Samples s
Data ssssssssss
Shipping frequency:

Clinical centers Biorepository

PBMC
processing lab

Endocrine lab

FIGURE 1.
The overall flow of biospecimens and data within the TIDAPC. DKCR, NIDDK Central

Repository; PBMC, peripheral blood mononuclear cells; PSU-IPM, Penn State University
Institute for Personalized Medicine; TBD, to be determined.

Pancreas. Author manuscript; available in PMC 2023 July 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Wasserfall et al.

Blood Sample Collection

Page 10

Blood Sample Processing

Heparin ‘
I
W W I
‘ — Blooq in cell — RT —
stabilizers
A4
EDTA —> Plasma —»
\J
Silicon . Serum
Coated
\J
=
T R
PAXgene 3 >
Tempus T —> -20°C —
=
P800 4 —> Plasma —»
FIGURE 2.

Blood sample collection.

Pancreas. Author manuscript; available in PMC 2023 July 01.

» PBMCP

80°C )

-80°C

-80°C

-80°C

-80°C

-80°C

rocessing Lab

> Follow SOP




Page 11

Wasserfall et al.

"31qeaijdde jou saredipul N

"UONOW Y10y pue X9eq & Ul 3|qissod se isej pue paey se agn) pajess ay axeys ‘spuodas Og 40 WNWIUIW © 104

't

SPU0aS OT 10} XSLOA 10 A|SnoIoBIA a3eys

)/

sawin g 03 g Bunaaul Aq Apuab xin
¥

s 09 Joj Bumsas } awo1qoJoIw
9,08— e x W80~ VN winipaw e agn} Yyoea XaloA ainyesadwa) wooy x._.Do aU3bINWO U0129]|09 BWOH 10} |001S
s 09 4o} Bumss § awojogelsw
9,08— € x W80~ VN winipaw Je agn} Yyoea XaloA ainyesadwa) wooy «L.DO 18WINWO U01399]|00 sWoH 10} 1001S
aselse|d
0,08- VN VN VN ainyesadwa) wooy VN UO1193]|09 BWOH 16984 10} [001S
(TL04d J1azi|10ess a1wosold
1 ogg 01 pappe poojq T10Hdd ‘(do1 usaib) s1azi|iqels
0.08- 71 052) 9 x 11 009 yzi> VN ainjesadwa) wooy agn) uieday wnipos Melp poolg 1189 Ul poolg
4 ¥¢ 10} D,02- agny sndway
0,08- VN VN VN uay} ‘ainyesadwa) Wooy i Melp poolg vNY
0.,08- VN VN VN ainresadwa) wooy . 99Mm 8uabXvd MeJp poolg vNa
uoiebnyLIuaY
Uuo axelq yum uiw o1 11un Qo Usy} ‘ulw 09
0,08- 0z x M 052 yp> 10} ainjeladws) woos e 4 00ZT —0g 40} ainjeadwa) Wwooy (doy pau) pajeos-auodi|IS Melp poolg wnJas
Uo 8yelq Yum uiw 0T (e (doy 8jdind)
0,08- 0z x 1 052 Uv> 104 aanjesadwa) Wool 1 6 00ZT J9M UO 10 pajessbiiyal) O,y L odm v1a3 Melp poolg ewse|d
abe lois 1onbiy awl| abnyinued uoljezi|igeis Wel-110ys SAITeA B Id JoadA L uo139||0D adA | uswoads
we)-buo Bussao0.1d

Author Manuscript

‘T314gvlL

Author Manuscript

DdVATL Ul pa1s]|od suawidads pajieleq

Author Manuscript

Author Manuscript

Pancreas. Author manuscript; available in PMC 2023 July 01.



Page 12

Wasserfall et al.

“158) 8500N|6 snousAeuI pajdues Appusnbaly | | 1S4 ‘1S8) 80UBIS|0) [eall PaXIW ‘1 | Al ‘158] 80UBI8|0) 8500N|6 [e10 Sa1edlpul | 1 9O

sawiny QT 01 8 Buiaaul Aimols Aq Ajpuab X1
*

jutod awn Jad g (doy pas) pareod (suiod
x 1 006 40 € x 1 00§ -8uodI|IS W G Jo € awn 1¢) L191s4
juiod (doy pay) (swuiod
awn Jad 8 x T 052 P3Je02-3U0dIIS |W ¢ awn 8) LIWIN
uorebnyLIuad
juod UO 83elq YIM sainuiw T 40} [1UN D, U3y} ‘ulw 09 (doy pay) (swuiod
0.,08- awn Jad gT x M 052 yp> ainjesadwa) wool 1e BozT —0¢ 10} ainyesadws) wWooy paye0d-suodl|IS |W 9 aWwn9) 1190 MeJp poolg wnJes
juiod awn Jad 9 x Uo aeIq UM ulw 0Z 10} ) (surod
71 005 pue ¥ x I 05z ainjesadue) Wool e 4 00ZT »20M 008d W S8 awn 8) LLNIN
juiod UO 8eiq Yym uiw QT 1oy (s01 (swuiod
0,08- awn Jad ¥ x M 052 yp> aineladwia) wool 18 6 00ZT 19M U0 J0 pajesabliyal) Do L, 20 008d |w ¢ awn 9) 1190 MeJp poolg BwISe|d
abe Jois 1onbiy awi] abny1iued uolirezi|igqels Ww.iei-1ous ANITen s id JoadA L 1591 Jljoge® N uo1% (10D adAL
wel Burssado.id uswoads
-6uo

Author Manuscript

2dvdrt.l ul palde||od mcmE_oQO 91NPad0.d Jljogels|N pPajielsd
¢31avil

Author Manuscript Author Manuscript Author Manuscript

Pancreas. Author manuscript; available in PMC 2023 July 01.



	Abstract
	INTRODUCTION
	OBJECTIVES
	MEETINGS
	RESOURCES UTILIZED
	PROCESS
	PREPARATION OF WRITTEN SOPs
	TRAINING
	BIOINFORMATICS DATA MANAGEMENT SYSTEM
	LONG-TERM STORAGE/PRESERVATION
	DISCUSSION
	References
	FIGURE 1.
	FIGURE 2.
	TABLE 1.
	TABLE 2.

