
risk. Further, thisfinding should encourage other researchers in thefield
to step beyond the single variant and perform gene-based screening
of ITGB2 to determine whether multiple, rare, deleterious variants
contribute to HM risk.

The TFHM study was approved by the Health and Medical Human
Research Ethics Committee (Tasmanian network; reference number
H8551), andwritten informedconsentwasobtained fromall participating
individuals. The Tasmanian population samples used in this study were
approved by theHealth andMedicalHumanResearchEthicsCommittee
(Tasmanian network) reference number H9999 and H7740.

The online version of this article contains a data supplement.
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To the editor:

Silica particles contribute to the procoagulant activity of DNA and polyphosphate isolated
using commercial kits

Stephanie A. Smith, Catherine J. Baker, Joshua M. Gajsiewicz, and James H. Morrissey

Department of Biochemistry, University of Illinois at Urbana-Champaign, Urbana, IL

Recentadvances inunderstanding thecontributionsof thecontactpathway
to thrombosis, inflammation, and innate immunity1 have renewed interest
in identifying (patho)physiologic activators of this pathway. Candidates
include collagen,2misfolded proteins,3 DNA,4RNA,4 and polyphosphate
(polyP).5 Contributions of extracellular nucleic acids to coagulation and
inflammation are under intense investigation, with several studies
reporting the procoagulant effects ofDNA,6-8 particularly in the context of
neutrophil extracellular traps (NETs).9-11 In this study, we attempted to
compare the clotting activity of polyP versus cellularDNA.Todo this,we
isolated DNA from human cells using Qiagen kits, as previously done by

others (Table 1).Wenow report thatDNApurifiedbyusing these kitswas
contaminatedwith highly procoagulant silica particles. Some studies have
employedQiagenkits to isolate polyP fromhuman cells (Table 1), andwe
also now report that polyP isolated by using such kits risks contamination
with procoagulant silica.

Detailed methods used to purify and analyze DNA and polyP are
described in the supplemental Methods. Briefly, DNA was purified
from HEK 293 cells or human NETs by using DNeasy Blood and
Tissuekits (Qiagen)or phenol/chloroformextraction.Somepreparations
of l phage DNA or short-chain polyP were repurified on DNeasy kits.

88 LETTERS TO BLOOD BLOOD, 6 JULY 2017 x VOLUME 130, NUMBER 1

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/130/1/88/1401831/blood772848.pdf by guest on 08 June 2024

http://orcid.org/0000-0002-9774-1539
http://orcid.org/0000-0001-6201-3518
http://orcid.org/0000-0001-6201-3518
http://orcid.org/0000-0001-6250-5723
http://orcid.org/0000-0003-4621-1703
mailto:jo.dickinson@utas.edu.au
https://gtexportal.org
https://crossmark.crossref.org/dialog/?doi=10.1182/blood-2017-03-772848&domain=pdf&date_stamp=2017-07-06


Water elutions from DNeasy kits or Econospin (Epoch Life Sciences,
Missouri City, TX) columns were prepared by skipping the loading
and washing steps and substituting water for the elution buffer. Some
samples were digestedwith calf intestinal alkaline phosphatase (a potent
exopolyphosphatase) andBenzonase (a nonspecific nuclease). Other
samples were boiled in 1 M hydrochloric acid, and then neutralized
and buffer-exchanged into clotting buffer. Digestion of DNA or polyP
was confirmed by electrophoresis (supplemental Figure 1).

DNA purified from NETs or HEK 293 cells by using Qiagen
DNeasykits exhibited robust procoagulant activities (Figure 1A), albeit
with batch-to-batch variability (supplemental Figure 2). In contrast,
DNA purified from these same cells by using phenol/chloroform ex-
traction exhibited limited procoagulant activity (Figure 1A; supplemen-
tal Figure 2). Thus, Qiagen DNeasy kits somehow rendered the purified
DNA much more procoagulant.

Qiagen kits for purifying nucleic acids employ spin columns with a
silica matrix on which the DNA is adsorbed. Because silica is potently
procoagulant,20,21 we tested the hypothesis that Qiagen DNeasy spin
columns leach silica particles that contribute to the observed proco-
agulant activity of DNA. We confirmed the procoagulant activity of
silica particles (glass milk) and found that the DNeasy column matrix
material was similarly procoagulant (Figure 1B). We next tested our
hypothesis by performing mock purifications of phosphate buffered
saline (without cells). The eluted material was indeed procoagulant
(supplemental Figure 3).We then loadedwater onto silica columns from
2 manufacturers. The flow-through was also procoagulant (Figure 1C),
with variable activity from different column lots. Elemental analysis of
the water elutions from DNeasy columns detected silicon at 5.6 to
98.3 mg/mL, expressed as silicon dioxide (supplemental Table 1).

Some studies have used Qiagen kits to purify polyP from cells
(Table 1). We confirmed22 that synthetic, short-chain polyP had a
negligible ability to trigger clotting, as did purified bacteriophage
lDNA (Figure 1D). When repurified using DNeasy kits, both lDNA
(Figure 1D; supplemental Figure 4A) and short-chain polyP (Figure 1D;
supplemental Figure 4B) acquired significant procoagulant activity.
When ethanol precipitation of the eluted l DNA was substituted for
the buffer-exchange/concentration procedure, the DNA still con-
tained procoagulant activity (supplemental Figure 5). This strongly
suggested that the kits contribute procoagulant material to the eluted
products, and that this material cannot be removed from kit-purified
DNA by ethanol precipitation. We attempted to remove this
procoagulant material from kit-purified DNA using filtration and
centrifugation, but were unable to identify conditions that did not also

result in severeDNA loss (data not shown). Someof the contaminating
silica particles may be so small that they cannot readily be removed
from DNA solutions by using filtration or centrifugation.

We conducted experiments to identify how much of the
procoagulant activity in DNA isolated by using DNeasy kits was
attributable to DNA versus contaminating silica. Accordingly, we
digested the DNA preparations with Benzonase and alkaline
phosphatase (in case any polyP had copurified with the cellular
DNA). Although electrophoresis confirmed complete degrada-
tion of DNA and polyP (supplemental Figure 1), this treatment
only partially neutralized the procoagulant activity of cell-derived
DNA (Figure 1E). Enzymatic digestion had no effect on the clotting
activity of water elution from DNeasy columns, but destroyed the
clotting activity of long-chain polyP (Figure 1E). We also subjected
aliquots of these DNA preparations to acid hydrolysis (Figure 1F).
Although the procoagulant activities of long-chain polyP and
a synthetic RNA (polyG) were completely eliminated by heating
in acid, significant amounts of procoagulant activity in the
Qiagen kit–purified DNA samples survived. The clotting activity
of water elution from Qiagen kits was unaffected by acid hydrolysis
(Figure 1F).

Noubouossie et al16 demonstrated that the procoagulant activity of
Qiagen kit-purified cellular DNA was eliminated by adding histones,
proposing that DNA’s procoagulant activity is masked when
assembled into nucleosomes. We hypothesized that positively-charged
histones might neutralize the procoagulant activity of contaminating
silica particles. Indeed, histones completely abrogated the procoagulant
activity of “water elutions” (Figure 1G), but had no effect on tissue factor-
initiatedclotting (Figure1H).Analternativeexplanation for thefindingsof
Noubouossie et al is that DNA purified from NETs gained procoagulant
activity not because of removal of the histones, but because of silica
contamination.

Verhoef et al13 recently reported that polyP isolated from human
platelets by using Qiagen PCR Purification kits triggered clotting via
the contact pathway, whereas platelet polyP isolated by using phenol/
chloroform extraction had little procoagulant activity. To account for
these markedly different activities, these authors proposed that the
2 methods isolated polyP of different polymer lengths. A plausible
alternative is that platelet polyP isolated by using Qiagen kits
was contaminated with highly procoagulant silica, whereas the
phenol/chloroform-purified polyP was not.

We found thatDNA isolated fromeitherHEK293 cells orNETsby
using phenol/chloroform extraction exhibited measurable ability to
shorten plasma clot times, albeit with considerably less procoagulant
activity than when purified by using Qiagen kits. To rule out the pos-
sibility that carryover of contaminants somehow interfered with the
procoagulant activity of DNA, we added phenol/chloroform-purified
HEK 293 cell DNA to silica particles eluted fromQiagen kits, and found
no significant diminution of the procoagulant activity of this material
(supplemental Figure 6). Other groups who purified cellular DNA
using non–silica-basedmethods have also reported measurable ability
of cellular DNA to activate the contact pathway. Oehmcke et al17

found that neutrophil-derivedDNA(isolated byusingDNAzol) bound
and activated contact factors. Kokoye et al19 reported that genomic
DNA isolated from leukocytes (by using phenol/chloroform extrac-
tion) promoted factor XII activation, whereas Ivanov et al23 described
the ability of NET-derived DNA (purified by using phenol/
chloroform extraction) to support factor XI activation and enhance
thrombin generation.

Our results indicate thatmuch, but not all, of the apparent procoagulant
activity of cellularDNA isolated by usingQiagen kitsmay be attributable
to traces of highly procoagulant silica particles. In addition, the amount of

Table 1. Nucleic acid purification methods used in published
studies of the procoagulant activities of polyP or DNA

Kit name (Manufacturer) Principle
Used to
isolate Reference

Qiaquick PCR Purification

(Qiagen)

Silica polyP 12

13

DNeasy Blood and Tissue

(Qiagen)

Silica DNA 14

8

QIAamp Blood (Qiagen) Silica DNA 10

7

15

16

Genomic DNA isolation kit

(Qiagen)

Silica DNA 4

DNAzol (Invitrogen) Guanidinium

isothiocyanate/ detergent

DNA 17

— Phenol/chloroform

extraction

DNA 18

19
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procoagulant particles shed into DNA preparations is highly variable.
Thus, isolating nucleic acids by using silica-based kits risks contamina-
tion with silica that could confound the interpretation of experiments

on their procoagulant properties. We strongly recommend that
studies of the clotting activities of nucleic acids or polyP avoid silica-
based methods.
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Figure 1. Procoagulant activities of DNA, polyP, and silica particles. (A-D) Shown are plasma clot times versus concentration, with horizontal dashed lines showing the

mean clot time without activator (6 standard error of the mean as horizontal dotted lines). (A) Clot times with: HEK 293 cell DNA isolated with DNeasy Blood & Tissue (open

diamond); HEK 293 cell DNA isolated with phenol/chloroform (solid diamond); NET-derived DNA isolated with DNeasy Blood & Tissue kit (open inverted triangle); or NET-derived

DNA isolated with phenol/chloroform (solid inverted triangle). Each data set represents the mean clot time for 3 separate purifications as detailed in supplemental Figure 2A

(HEK293 cell DNA) and supplemental Figure 2B (NET DNA). (B) Clot times with silica particles: glass milk (solid triangle) or homogenized DNeasy column matrix (open triangle).

(C) Clot times with water elutions from 3 different lots of DNeasy columns (open triangle) or 2 different lots of Econospin columns (open circle). On the x-axis, fold concentration

refers to the concentration relative to the volume eluted from the Qiagen column, with 1 equaling the original elution volume. (D) Clot times of l phage DNA before (blue square) or

after (open square) repurification on DNeasy columns; or of short-chain polyP before (blue circle) or after (open circle) repurification on DNeasy columns. The purification data sets

represent mean clot times for 2 different purifications as detailed in supplemental Figure 4. (E) Clot times of various samples before (red bars) or after (blue bars) digestion with a

combination of Benzonase and calf intestine alkaline phosphatase. Samples include buffer control (no activator), 20 mg/mL HEK 293 cell DNA purified using DNeasy, 20 mg/mL

NET DNA purified using DNeasy, water applied to DNeasy column as described in panel C (water elution), or 2 mg/mL long-chain polyP. Digestion of DNA by Benzonase and polyP

by phosphatase was confirmed by gel electrophoresis (supplemental Figure 1). (F) Clot times of various samples before (red bars) or after (blue bars) acid hydrolysis. Samples

include buffer control (no activator), 20 mg/mL HEK 293 cell DNA purified using DNeasy, 20 mg/mL NET DNA purified using DNeasy, water applied to DNeasy column (water

elution), 2 mg/mL long-chain polyP, or 5 mg/mL polyguanylate (polyG). (G) Clot times in the presence of varying concentrations of histones with (open triangle) or without (solid

triangle) a 10-fold concentrated water elution (prepared as described for panel C). (H) Tissue factor–triggered clot times in the presence of varying concentrations of histones.
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To the editor:

Donor-engrafted CHIP is common among stem cell transplant recipients with unexplained
cytopenias

Christopher J. Gibson,1 James A. Kennedy,2,3 Sarah Nikiforow,1 Frank C. Kuo,4 Edwin P. Alyea,1 Vincent Ho,1 Jerome Ritz,1

Robert Soiffer,1 Joseph H. Antin,1 and R. Coleman Lindsley1

1Dana-Farber Cancer Institute, Boston, MA; 2Princess Margaret Cancer Centre, University Health Network, Toronto, ON, Canada; and 3Division of

Hematology and 4Department of Pathology, Brigham and Women’s Hospital, Boston, MA

Clonal hematopoiesis of indeterminate potential (CHIP) is an age-
related condition in which somatic mutations associated with
hematologic malignancy are found in the blood of individuals
without recognized hematologic abnormalities.1-4 It is associated
with malignant and nonmalignant outcomes, including death from

cardiovascular disease and increased all-cause mortality.1,2

Because CHIP is asymptomatic, stem cells harboring myeloid
driver mutations could be unknowingly transferred from donor to
recipient during allogeneic hematopoietic stem cell transplantation
(HSCT), the only curative therapy for many hematologic malignancies.
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