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Technical Advance
Detection of Mouse Mast Cell-Associated
Protease mRNA

Heparinase Treatment Greatly Improves RT-PCR of
Tissues Containing Mast Cell Heparin

Mindy Tsai, Mary Miyamoto, See-Ying Tam,
Zhen-sheng Wang, and Stephen J. Galli
From the Departments ofPathology, Beth Israel Hospital
and Harvard Medical School, Boston, Massachusetts

The reverse transcriptase polymerase chain re-
action (RT-PCR)procedure is markedly inhibited
in specimens of blood that contain commercial
heparin as an anticoagulant or in ceU prepara-
tions containing rat or mouse peritoneal mast
ceUs. However, it was not known whether the lev-
els of endogenous, mast cell-associated heparin
that are present in some mammalian tissues are
sufficient to interfere with the use ofRT-PCR in
these settings. We show that RT-PCR detects little
or no mRNA transcripts for either mast ceU-
associated products, such as mouse mast ceU-
associatedprotease-2 or -4 (MMCP-2 orMMCP-4)
or mast ceU carboxypeptidase A, orfor mast cell-
nonspecific products, such as glyceraldebyde
3-phosphate debydrogenase, in routinely pre-
pared specimens of ceUs or tissues that include
populations of heparin-containing mast ceUs.
However, signalsfor mast cell-associated ormast
ceU-nonspecifc transcripts can be readily de-
tected in such specimens ifthey are treated with
heparinase before RT-PCR RT-PCR after hepari-
nase treatment appears to represent an extremely
sensitive method for detecting mast cell-
associated transcripts in tissue specimens, per-
mitting the identifcation of transcriptsfor mast
ceU-specific proteases in the skin ofgeneticaly
mast cell-deficient WBB6F1-W/Wv mice, a tissue
that contains few or no mast ceUs according to

histological analysis.
146:-335-343)
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Several groups, including ours, have used Northern
analysis to characterize the expression of transcripts
for a variety of mast cell-associated genes in isolated
cells or tissues that contain mast cells.1` However,
our attempts to use the ordinarily much more sensitive
technique of reverse transcriptase polymerase chain
reaction (RT-PCR) to analyze the same types of speci-
mens initially proved frustrating, as mast cell-
associated transcripts that were readily detectable by
RT-PCR in certain populations of immature mouse
mast cells were undetectable by RT-PCR in cell popu-
lations containing mature mast cells or in tissues,
such as mouse skin, that contained high densities of
mast cells. Notably, the transcripts of interest often
were detectable in these same specimens by North-
ern analysis, a finding that strongly suggested that the
problem in using RT-PCR in these settings was not a
lack of adequate levels of mRNA.

In our investigation of this issue, we found four re-
ports indicating that commercial heparin, used as an
anticoagulant for blood specimens, can result in at-
tenuation or complete inhibition of target DNA ampli-
fication during PCR.7 10 Indeed, as little as 0.05 U of
heparin per reaction tube can suppress the PCR re-
action.9 And, while the studies described herein were
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underway, Oberhauser et a11 reported that the RT-
PCR procedure was inhibited in cell preparations that
contained mouse or rat peritoneal mast cells and that
this inhibition was eliminated by treatment of the
specimens with heparinase. However, the implica-
tions of these findings for the use of RT-PCR in tissue
specimens that contain endogenous heparin of mast
cell origin have not, to our knowledge, previously
been explored.

Mast cells represent the major (if not the only)
source of heparin in mammalian tissues,12'13 but the
content of heparin in individual mast cell populations
can vary markedly according to the stage of matu-
ration of the mast cells or their anatomical location
(reviewed in references 14-16). For example, imma-
ture mast cells derived by placing normal mouse
bone marrow cells in vitro in IL-3-containing me-
dium (bone marrow-derived cultured mast cells, or
BMCMC) express little or no heparin.17 18 However,
when such BMCMC are induced to mature, eg, by
injecting the cells into the skin or peritoneal cavity of
genetically mast cell-deficient WBB6F1-W/Wv mice,
they exhibit alterations in a number of their phenotypic
characteristics, including the ability to express an in-
creased content of heparin.19'20 In this respect, such
mast cells resemble normal mouse connective tissue-
type mast cells (CTMC) of the skin or serosal cavities,
which also contain substantial amounts of cytoplas-
mic granule-associated heparin.14-20

Although mast cells clearly represent one source of
anticoagulantly active glycosaminoglycans (ie, hep-
arin), several lines of evidence indicate that vascular
endothelial cells also can synthesize heparin-like gly-
cosaminoglycans (ie, heparan sulfates) with antico-
agulant activity. 12'21-23 Moreover, these vascular
endothelial cell-associated glycosaminoglycans can
occur in quantities that are sufficient to account for the
expression of anticoagulant activity in vivo.23 Indeed,
the amount of anticoagulant activity detected in the
vasculature of genetically mast cell-deficient W/WV
mice is essentially the same as that detected in the
congenic normal (+/+) mice.23 In light of these ob-
servations, it is possible that some of the glycosami-
noglycans with anticoagulant activity that are present
in commercial preparations of heparin are derived
from non-mast cell sources or that the presence of
anticoagulant glycosaminoglycans of non-mast cell
origin might interfere with the performance of RT-PCR
in certain tissue specimens.

In the present study, we evaluated the possibility
that endogenous, mast cell-associated heparin, like
commercial heparin, might interfere with the RT-PCR
reaction in tissue specimens that contain significant
populations of CTMC.

Materials and Methods

Mice

Female genetically mast cell-deficient WBB6F1-
W/Wv mice and the congenic normal (+/+) mice
(WB/ReJ - WI+ x C57BL/6J - WVI+)F1 - W/Wvor
- +/+ mice) were purchased from The Jackson
Laboratory (Bar Harbor, ME) at 4 to 6 weeks of age.
Female 4- to 6-week-old or retired breeder BALB/c
mice were purchased from The Charles River Labo-
ratories (Wilmington, MA).

Generation of Mouse BMCMC

Primary populations of growth factor-dependent
BMCMC were obtained as previously described.17
Briefly, the femoral bone marrow cells of 4- to 6-week-
old female BALB/c or WBB6F1-+/+ mice were main-
tained in suspension in IL-3-containing conditioned
medium, consisting of 10% heat-inactivated fetal calf
serum (GIBCO BRL, Grand Island, NY), 5 x 10-5
mol/L 2-mercaptoethanol (Sigma Chemical Co., St.
Louis, MO), and 2 mmol/L L-glutamine (GIBCO BRL)
in Dulbecco's modified Eagle's medium (GIBCO BRL;
complete medium) supplemented with 20% (v/v) su-
pernatants of, for BALB/c BMCMC, concanavalin
A-activated spleen cells17 or, for +/+ BMCMC,
WEHI-3 cell-conditioned medium.17'24 The cells were
resuspended in fresh conditioned medium once or
twice per week. After 4 to 5 weeks of cultures, at least
95% of cells that remained in the cultures were iden-
tifiable as mast cells, as determined by staining with
neutral red (Fisher Scientific, Orangeburg, NY).

RNA Extraction

RNA was extracted from BMCMC, peritoneal cells, or
ear skin by RNAzolB methods according to the manu-
facturer's specifications (Biotecx Laboratories, Hous-
ton, TX). Peritoneal cells (containing -4% mast cells
by neutral red staining) were obtained from peritoneal
lavage of female BALB/c retired breeder mice. Ear
skin was obtained from mice immediately after death
by CO2 inhalation. Skin was harvested with a scalpel
and snap-frozen in liquid N2. Samples were stored at
-80 C until processed for RNA extraction. RNA was
also extracted, as above, from NIH 3T3 cells, which
were used as a representative cell population that
lacked endogenous heparin. NIH 3T3 cells were ob-
tained from the American Type Culture Collection
(Rockville, MD) and were maintained in Dulbecco's
modified Eagle's medium supplemented with 10% fe-
tal calf serum.
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Treatment with Heparinase or Heparin

Aliquots of RNA were incubated with 1 U of hepari-
nase (Sigma) per pg of RNA (in 5 mmol/L Tris pH 7.5,
1 mmol/L CaCO2, 40 U of RNAsin) for 2 hours at 25 C
as previously described.8 For heparin treatment, 0.1
U of heparin (Elkins-Sinn, Cherry Hill, NJ) per pg of
RNA was added immediately before performing the
RT-PCR reaction.

RT-PCR

cDNA was synthesized from total RNA with the
GeneAmp RNA PCR kit (Perkin-Elmer, Norwalk, CT)
according to the manufacturer's specifications (ex-
cept that we used 5 pg of total RNA/specimen, as we
expected that the tissues would contain relatively
small amounts of mast cell mRNA). Total RNA was
reverse transcribed in a 20-pl mixture containing 2.5
pmol/L random hexamer primers, 1 x PCR buffer, 5
mmol/L MgCI2, 1 mmol/L dNTP, 20 U of RNAse in-
hibitor, and 50 U of Moloney murine leukemia virus
reverse transcriptase at room temperature for 10 min-
utes and 42 C for 15 minutes followed by a 5-minute
incubation at 99 C. The cDNA was then amplified for
1 minute at 94 C, 2 minutes at 55 C, and 3 minutes at
72 C for 30 thermocycles in a 1 00-pI volume reaction
containing 2 mmol/L MgCI2, 1 x PCR buffer, and 2.5
U of AmpIlTaq DNA polymerase (Perkin-Elmer). Four
pairs of oligonucleotide primers were used: 1),
MMCP-2 (594 bp),25 5' primer, 5'-GTGATGACTG-
CTGCACACTG-3' and 3' primer 5'-CTTGAAGA-
GTCTGACTCAGG-3'; 2), MMCP-4 (421 bp),28 5'
primer, 5'-GTAATTCCTCTGCCTCGTCCT-3' and 3'
primer 5'-CCCMGGGTTATTAGAAGAGCTC-3'; 3),
MC-CPA(689 bp),25 5' primer, 5'-ACACAGGATC-
GAATGTGGAG-3' and 3' primer, 5'-TAATGCAG-
GACTTCATGAGC-3'; and 4), G3PDH (452 bp),27 5'
primer, 5'-ACCACAGTCCATGCCATCAC-3' and 3'
primer, 5'-TCCACCACCCTGTTGCTGTA-3'. PCR
products were analyzed on 2% agarose gels. The au-
thenticity of the PCR products was verified by sub-
cloning and DNA sequencing. In some experiments,
the identity of the PCR products was confirmed by
Southern hybridization with gene-specific cDNA
probes that had been verified by DNA sequencing.

Mast Cell Reconstitution of Genetically
Mast Cell-Deficient WBB6F1-W/Wv Mice

WBB6F1-W/Wv mice were selectively and
locally repaired of their mast cell deficiency by the

injection of in vitro-derived, growth factor-dependent
immature mast cells (BMCMC) of congenic +/+
mouse origin into one ear.28'29 Mast cells (0.5 x 106)
were injected into the left ears in 20 pl of Dulbecco's
medium and 20 pl of medium alone was injected into
the right ears. The mice were killed by C02 inhalation
at 7, 19, 35, or 70 days after mast cell reconstitution,
a central biopsy of each ear was taken for histological
analysis (see below), and the remaining tissue from
each ear was processed for total RNA for RT-PCR
analysis.

Histological Analysis

The samples of mast cell-reconstituted ears and con-
tralateral control (mast cell-deficient) ears were pro-
cessed for 1-p Epon-embedded, Giemsa-stained
sections.28'29 The sections were coded and then
were examined under a light microscope at x400
magnification by an observer who was not aware of
the identity of the individual sections, and the number
of mast cells per square millimeter of dermis was de-
termined as previously described.29

Results

Heparinase Treatment Permits the Use of
RT-PCR to Detect Mast Cell-Associated or
Mast Cell-Nonspecific Transcripts in
Specimens Containing Cells or Tissues
with a High Content of Heparin

It has been reported that commercial heparin, added
as an anticoagulant during blood sample prepara-
tion, inhibits the PCR reaction in these specimens.7 10
However, the possible effects of endogenous heparin
of mast cell origin on gene amplification by RT-PCR in
tissue specimens that contain mast cells have not
been investigated. We therefore assessed the effects
of treatment with heparinase or heparin on the ability
to perform RT-PCR using total RNA extracted from 1),
mouse BMCMC, a mast cell population that contains
little or no heparin;17'18 2), total peritoneal cells, which
contain -4% serosal mast cells, a type of CTMC with
a high content of heparin;17-20 and 3), skin, a repre-
sentative tissue with a high density of heparin-
containing CTMC. 19,30

Figure 1 shows the results of RT-PCR reactions in
these specimens with gene-specific primers for mast
cell carboxypeptidase A (MC-CPA), a mast cell-
specific protease that is expressed in CTMC and BM-
CMC.31 In BMCMC, MC-CPA transcripts were readily
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Figure 1. Inhibition ofRT-PCR by heparin. Aliquots of total RNA iso-
lated from BALB/c mouse BMCMC, BALB/c mouse peritoneal cells
(PC), or BALB/c mouse ear skin were preincubated with heparinase I
(1 Uper yg ofRNA) or heparin (0.1 Uperyg ofRNA), and then 5-ag
aliquots of the treated (+ ) or untreated (-) RNA were subjected to the
RT-PCR reaction with MC-CPA 5' and 3' primer pairs, which gener-

ate a 689-bp cDNA. The PCR products were electrophoresed on an

agarose gel containing ethidium bromide.

amplified in either untreated or heparinase-treated
RNA, whereas no MC-CPA band was detected in a

BMCMC RNA sample that had been preincubated
with heparin. By contrast, in accord with the findings
of Oberhauser et al1 1 with regard to other murine peri-
toneal mast cell-associated transcripts, MC-CPA
transcripts were not detectable in specimens of
mouse peritoneal cells unless the RNA samples had
been treated with heparinase before RT-PCR. The
same was true for specimens of ear skin. Similar find-
ings were obtained when we performed PCR am-

plification using primers for the housekeeping
gene glyceraldehyde 3-phosphate dehydrogenase
(G3PDH; Figure 2). Transcripts for G3PDH were de-
tectable in specimens of NIH 3T3 cells or from the skin
of genetically mast cell-deficient WBB6F1 - W/Wvmice
whether or not the specimens were pretreated with
heparinase, but heparinase pretreatment was re-

quired for the RT-PCR detection of G3PDH transcripts
in the skin of the congenic normal (WBB6F1-+/+)
mice, a tissue that contains a high density of mast
cells. These results indicate that mast cell-associated
heparin can inhibit the PCR amplification of relatively
abundant, mast cell-nonspecific transcripts as well as

mast cell-specific transcripts. By contrast, the results
obtained with mast cell-deficient W/WV mice indicate
that any vascular endothelial cell-derived heparin-like
glycosaminoglycans that are present in the skin of
these animals23 do not detectably influence the ability
to perform RT-PCR in these specimens.

Heparinase Treatment Permits RT-PCR
Detection of MMCP-2 and MC-CPA mRNA
Expression in the Skin of WBB6F1 Mice

We next assessed the effect of heparinase pretreat-
ment of RNA on our ability to use RT-PCR to detect
expression of mRNA for the mast cell-associated pro-
teases, mouse mast cell protease 2 (MMCP-2),32 or

MC-CPA in the skin of WBB6F1-+/+ (normal) or con-

genic mast cell-deficient (WBB6F1-W/Wv) mice. As
shown in Figure 3, transcripts of the mast cell-
associated proteases MMCP-2 and MC-CPA were

detectable by RT-PCR in BALB/c mouse BMCMC with
or without heparinase pretreatment, whereas these
transcripts were not detected in the skin RNA of +/+
mice unless the specimens had been pretreated with
heparinase. In this experiment, we detected little or no
signal for MMCP-2 or MC-CPA transcripts in the skin
of W/WV mice, a tissue that is profoundly deficient in
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Figure 2. Inhibition ofRT-PCR by heparin. Aliquots of total RNA iso-
latedfrom NIH 3T3 cells orfrom ear skin of WBB6F1-+I+ (normal)
or genetically mast cell-deficient WBB6F,-W/W" mice were preincu-
bated iwith heparinase I ( 1 Uper,g ofRNA) or heparin (0.1 Uper,g
ofRNA), and then 5-,g aliquots of the treated (+) or untreated (-)
RNA were subjected to the RT-PCR reaction with G3PDH 5 and 3'
primer pairs, which generate a 452-bp cDNA. The PCR products were

electrophoresed on an agarose gel containing ethidium bromide.

MMCP-2 MC-CPA
heparinase - - + + + - + + +
Figure 3. Detection ofAMCP-2 and MC-CPA mRNA in specimens of
BALB/c BMCMC or ear skin of WBB6F,-+I+ (normal) or genetically
mast cell-deficient WBB6F1-W/Wv mice. Aliquots (5 gg) of
heparinase-treated or untreated RNA isolated from BMCMC or ear
skin specimens were subjected to RT-PCR reactions with MMCP-2 5
and 3' primer pairs, uwhich generated a 594-bp cDNA, or MC-CPA 5'
and 3' primerpairs, which generated a 689-bp cDNA. Tbe PCRprod-
ucts were electrophoresed on an agarose gel containing ethidium
bromide.
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mast cells,33 even when the RNA had been pretreated
with heparinase before RT-PCR (Figure 3).

To determine whether RT-PCR might be used to
assess the relative amounts of mRNAs present in dif-
ferent specimens of RNA, we performed RT-PCR
using consistent conditions of heparinase pretreat-
ment, reverse transcriptase concentration, cycles of
PCR, and temperature, while varying only the amount
of total RNA analyzed. As shown in Figure 4, this
analysis indicated that similar amounts of G3PDH
mRNA were present in RNA specimens from
WBB6F1-+/+ or W/WV mouse skin or from IL-3 de-
rived BMCMC. By contrast, we observed distinct ef-
fects of RNA dilution on the strength of signals for
mast cell-specific MC-CPA in the three different
specimens. The MC-CPA signals derived from
BMCMC RNA showed little variation over a 500-fold
concentration range of starting RNA, the MC-CPA sig-
nal in +/+ mouse skin was clearly detectable in as
little as 0.01 pg of total RNA, albeit at diminished in-
tensity compared with that observed with larger
amounts of RNA, and the MC-CPA signal in the skin
of mast cell-deficient W/WV mice was barely detect-
able in 1 pg of RNA. These results indicate that, at

,, +/+ W VWv BMCMC m
-l sn ' skin -'
-W -.9 -. - °

MC-CPA

++ W/WV z,,, +h /W BMCMC a
skin oskin 0oEoo
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least in some experiments, RT-PCR after heparinase
pretreatment is sufficiently sensitive to detect small
amounts of MC-CPA mRNA in W/WV mouse skin, pre-
sumably reflecting that fact that the skin of adult W/WV
mice ordinarily contains -0.5% of the number of mast
cells present in the skin of the congenic normal (+/+)
mice.

Detection of MMCP-4 mRNA by RT-PCR
in the Ears of W/WV Mice after Their
Selective Reconstitution by the Injection
of BMCMC of Congenic +/+ Origin

Using RT-PCR with heparinase pretreatment of speci-
mens and Southern hybridization for detection of the
PCR products, we examined expression of mRNA for
the mast cell-associated protease MMCP-426 in the
ears of W/WV mice at various intervals after the local
injection of BMCMC of congenic +/+ origin. Confirm-
ing a recent report,34 we found that mRNA for
MMCP-4 was detectable in BMCMC derived from
WBB6F1-+/+ mice (Figure 5). MMCP-4 mRNA sig-
nals also could be detected as early as 7 days after
reconstitution in the mast cell-injected ears (left ears)
of WBB6F,-W/Wvmice (Figure 5). At this interval, 10.1
± 6.2 mast cells/mm2 were identifiable by light mi-
croscopy in the dermis of the ears that had been in-
jected with +/+ BMCMC versus 0 in the contralateral
control (medium-injected) ears (P < 0.001; Table 1).
Mast cell numbers gradually increased to 44.6 ±
11.4/mm2 by 70 days after local mast cell reconsti-
tution. By contrast, the contralateral control (medium-
injected) ears remained profoundly mast cell defi-
cient (Table 1). However, using RT-PCR after
heparinase treatment, we detected a weak signal for
MMCP-4 transcripts in the control (medium-injected)
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G3PDH MC-CPA
Figure 4. Effect of RNA dilution on detection of MC-CPA or G3PDH
mRNA in heparinase-treated total RNA isolatedfrom BALB c BMCMC
or ear skin of WBB6F7+ +(/normal) or WBB6F,-WIW' (mast cell-
deficient) mice. RT-PCR was performed uith 5.0, 1.0, 0.1, or 0.01 ,ug
of total RNA. The PCR products uere electrophoresed on an agarose
gel containing ethidium bromide.

-G3PDH
Figure 5. Detection ofMMCP-4 mRNA in the ears ofgenetically mast
cell-deficient WBB6F1-W/Wv mice that had been selectively and lo-
cally reconstituted with BMCMC derived from the congenic normal
(+ +) mice. Total RNA was isolated from the starting populatiotn of
+/+ BMCMC orfrom the +/+ BMCMC-injected (mast cell-reconsti-
tuted) left ears (L) or the medium-injected (mast cell-deficient) right
ears (R) of WBB6F,-W/W \ mice. The ear specimens were obtained 7,
19, 35, or 70 days after injection of +/+ BMCMC or medium.
Heparinase-treated RNA (5 pg) was reverse transcribed for each
specimen. RT-PCR products were transferred to a nylon membrane
and hybridized with a 32P-labeled MMCP-4 or G3PDH cDNA probe.
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Table 1. Number ofMast Cells/mm2 ofDermis in the Mast Cell-Reconstituted (Left) ofMedium-Injected Control (Right)
Ears of W/WV Mice at Various Intervals after the Injection of +/+ BMCMC or Medium

No. of mast cells/mm2 dermis

Days after Left ears Right ears
injection (mast cell injected) (medium injected) P value, left versus right

7 10.1 ± 6.2 0 <0.001
19 25.9 ± 8.3 0.6 ± 0.4 <0.001
35 40.1 ± 10.6t 0.5 ± 0.5 <0.001
70 44.6 ± 11.4t 1.9 ± 1.2 <0.001

*The data, expressed as the mean + SEM, are from the same mice (n = 5 for each interval) that were analyzed in Figures 5 and 6.
tP < 0.05 versus day 7 value in same treatment group.

ears of the W/WV mice, presumably reflecting the
contribution of the rare mast cells present in these
tissues. Figure 5 and Table 1 show the results of one
of two different experiments that gave similar findings.
We then assessed the expression of MMCP-4

mRNA in the mast cell-reconstituted or contralateral
control ears semiquantitatively, by performing serial
dilutions of the total RNA (5, 1, 0.1, 0.01, and 0.001
pg) and then amplifying this RNA under standard con-
ditions of RT-PCR (Figure 6). We found that the
MMCP-4 mRNA signal was stronger in the mast cell-
reconstituted ears than in the control ears, as a signal
was detected in dilutions down to 0.1 pg of total RNA
from the mast cell-reconstituted ears but down to only
1 pg of total RNA from the contralateral control ears.
By contrast, dilution of RNA from left (mast cell-re-
constituted) versus right (control, mast cell-deficient)
ears resulted in a very similar dilution of the strength
of the RT-PCR signal for G3DPH. These results indi-
cate that, as expected on the basis of histological
analysis, levels of MMCP-4 mRNA were higher in the
mast cell-reconstituted than in the medium-injected
ears of these W/WV mice.

u < left right
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-G3PDH
Figure 6. Effect ofRNA dilution on detection ofMMCP-4 or G3PDH
mRNA in heparinase-treated total RNA isolated from ear skin of ge-
netically mast cell-deficient WBB6F1-W/WV mice that had been selec-
tively and locally reconstituted with BMCMC derived from the con-

genic normal (+/+) mice. RT-PCR was performed with 5.0, 1.0, 0.1,
0.01, or 0.001 ,ug of total RNA isolated from the +/+ BMCMC-
injected (mast cell-reconstituted) left ears or 5, 1, or 0.1 jig of total
RNA isolatedfrom medium-injected (mast cell-deficient) right ears of
WBB6F,-W/Wv mice. The ear specimens were obtained 70 days after
injection of+/+ BMCMC or medium. Heparinase-treated RNA (5 ,ug)
was reverse transcribed for each specimen. RT-PCR products were

transferred to a nylon membrane and hybridized with a 32P-labeled
MMCP-4 or G3PDH cDNA probe.

Discussion

Our findings confirm those of Oberhauser et a11 in
showing that endogenous, mouse peritoneal mast
cell-associated heparin, like commercial heparin,7-10
can significantly interfere with the RT-PCR method.
However, we also found that native populations of
mast cells in normal vascularized tissues can contain
sufficient heparin to interfere with the performance of
RT-PCR in these specimens. Although we did not in-
vestigate how endogenous heparin interfered with the
RT-PCR procedure, the mechanism probably reflects
an interaction between critical components of the re-
action mixture with the highly anionic sulfated glyco-
saminoglycan side chains of the heparin proteogly-
can. Thus, commercial heparin can competitively
inhibit several cellular DNA polymerases,35 HIV re-
verse transcriptase,36 simian sarcoma virus reverse
transcriptase,37 murine leukemia virus reverse tran-
scriptase,8 and Taq DNA polymerase.8 Commercial
heparin also can be used, when bound to Sepharose,
to purify DNA or RNA polymerases by affinity chro-
matography.38'39 These findings suggest that endo-
genous or exogenous (commercial) heparin may in-
terfere with the RT-PCR reaction by binding to (and
interfering with the activity of) the moloney murine leu-
kemia virus reverse transcriptase and/or the Taq DNA
polymerase used in the method.
Whatever its effect(s) on the RT-PCR reaction, we

confirmed11 that the inhibitory action of mouse peri-
toneal mast cell-associated heparin can be signifi-
cantly diminished or abolished by treatment of the
specimens with heparinase before performing the RT-
PCR procedure and showed that the same was true
for specimens of normal skin that contained native
populations of mouse mast cells. Heparinase treat-
ment greatly improved the ability of RT-PCR to detect
presumably mast cell-specific transcripts (such as
those for the proteases MMCP-2, MMCP-4, or
MC-CPA) as well as mast cell-nonspecific transcripts
(such as that for G3PDH) in specimens that contain



RT-PCR in Mast Cell Heparin-Containing Specimens 341
AJP February 1995, Vol. 146, No. 2

serosal or skin CTMCs. The latter point may be of
some practical importance, as it indicates that the
inhibitory effect of endogenous mast cell-associated
heparin on the RT-PCR reaction can significantly im-
pair the ability of this technique to detect even rela-
tively abundant transcripts that are associated with
cell types other than the mast cell. Accordingly, we
recommend that investigators planning to use RT-
PCR to analyze any cells or tissues that have a resi-
dent population of heparin-containing mast cells (this
includes most human tissues and many tissues of mu-
rine rodents12-16) consider pretreating the speci-
mens with heparinase before performing RT-PCR.

Our findings also have implications for the analysis
of mast cell development or other processes that in-
fluence mast cell phenotype. In the mouse, serosal or
skin CTMCs acquire the ability to store increasing
amounts of heparin during the maturation process
(reviewed in references 14-16), and many popula-
tions of rat or human mast cells also contain hepa-
rin.13 15 The ability to use RT-PCR to detect mast cell-
associated mRNAs will permit a more direct
evaluation of whether a lack of expression of a par-
ticular transcript in a Northern blot of mast cell-
derived RNA reflects the absence of the mRNA or
merely the presence of low levels of the transcript.

This point is illustrated by our RT-PCR analysis of
genetically mast cell-deficient W/WVmice. The skin of
adult WBB6F1-W/Wv mice ordinarily contains <0.5%
of the density of dermal mast cells present in the skin
of congenic normal (WBB6F1-+/+) mice,33 and the
skin of W/WV mice contains no detectable heparin.30
By Northern analysis, mRNA for the mast cell-
associated proteases MMCP-4 or MC-CPA was not
detectable in the skin of WBB6F1-W/Wv mice.6 How-
ever, by RT-PCR, signals for both of these proteases
were detected in the skin of W/WV mice, albeit at lev-
els substantially less than those present either in the
skin of congenic +/+ mice or in W/Wv mouse skin
sites that had been reconstituted by the injection of
BMCMC of congenic +/+ mouse origin. This result
indicates that RT-PCR of heparinase-pretreated
specimens probably represents a more sensitive
method than histological analysis for detecting ex-
tremely small populations of mast cells in the tissues
of mutant mast cell-deficient mice. This finding also
indicates that our RT-PCR approach can be used to
characterize the pattern of expression of mast cell-
specific mRNAs in tissues, like those of genetically
mast cell-deficient mice, that contain very small num-
bers of mast cells.
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