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ABSTRACT

A multiple internal control was con-
structed to be used as an exogenously added
control in reverse transcription polymerase
chain reaction (RT-PCR) for pig cytokines.
It consists of 5′ and 3′ primer sequences in
the order of β2 microglobulin (β2-m), IL-1,
IL-4, IL-6, IL-8, IL-2, IL-10, TNF-α, TNF-β
and IFN-γ. Construction was accomplished
by overlapping and extension PCR (OE-
PCR) utilizing short oligonucleotides. The
primers were designed to give two products
of different sizes on co-amplification of con-
trol and target RNAs by RT-PCR in a single
tube. This permits analysis of message for

several cytokines using a single exogenously
added competitive template. Incorporated
endonuclease sites allow construct modifi-
cation by oligonucleotide addition.

INTRODUCTION

In studies of cytokines, reverse tran-
scription polymerase chain reaction
(RT-PCR) obviates bioassay-associated
difficulties that are due to pleiotropic,
redundant and additive effects. In RT-
PCR, endogenous or exogenous con-
trols have been used for semiquantita-
tive or quantitative evaluations of gene
expression. Endogenous controls such
as β2 microglobulin (β2-m) or β actin
are either co-amplified with the target
or amplified separately (6,7). Compari-
son of target and reference transcripts
provides a semiquantitative analysis.
Exogenous controls, such as competi-
tive DNA or RNA templates have been
used as internal controls. However,

competitive PCR is influenced by vari-
ations in control and target reverse tran-
scription efficiency (3). If heteroduplex-
es form between competitive template
and target sequences, they may interfere
with quantitation (7). Reliable quantita-
tion of mRNA can be achieved by using
RNA as an internal control and per-
forming RT-PCR for control and target
transcripts simultaneously. Generally,
internal controls have been constructed
by overlapping and extension PCR
(OE-PCR) utilizing 2 to 4 synthetic
strands. However, errors occur in syn-
thesis, especially of long oligonucle-
otides. This paper describes a versatile
method of internal control construction
utilizing short oligonucleotides.

MATERIALS AND METHODS

Construction of an Internal Control

An internal control to be used as an
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exogenously added competitive RNA
template was constructed utilizing five
prime construct (FPC) and three prime
construct (TPC) based on cDNA/ge-
nomic DNA sequences available in
GenBank®. The FPC represents the up-
stream primer sequences of nine cy-
tokine genes sequentially in the order
of IL-1, IL-4, IL-6, IL-8, IL-2, IL-10,
TNF-α, TNF-β and IFN-γ. The TPC
has the downstream primers in the
same order. When control RNA is co-
amplified with target RNA, the primers
give two products of different sizes
(Table 1). Six oligonucleotides of 43 to
58 bases containing 20-nucleotide
overlaps were used for each construc-
tion. Primers were synthesized (The
University of Calgary Core DNA Ser-
vices, Calgary, AB, Canada) and used
to produce complete internal control
constructs by a two-step OE-PCR using
a DNA Thermal Cycler 480 (Perkin-
Elmer, Mississauga, ON, Canada). The
first PCR generated full-length FPC
and TPC templates according to the
method of Dillon and Rosen (2). Am-
plifications were accomplished by us-
ing the nucleotide overlaps in the
oligonucleotides (Figure 1A, 1–6) as
primers. The reaction mixture consisted
of 50 mM KCl, 10 mM Tris-HCl, pH
8.0, 1.5 mM MgCl2, 200 µM dNTPs,
0.5 µg of each oligonucleotide (1–6)
and 2.5 U of Taq DNA Polymerase
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Figure 1. Schematic representation of internal control construction. (A) Five prime (FPC) and three
prime (TPC) constructs each utilizing six short oligonucleotides were produced in two steps by PCR. Nu-
cleotide overlaps served as primers to generate full-length templates in a first-round PCR (i), while con-
struct-specific primers were used for amplification in second-round PCR (ii). (B) Addition of house-
keeping gene sequences. The nucleotide sequences were incorporated into the existing constructs (FPC
and TPC) using two oligonucleotides (I and II) by PCR. The sequences for forward (a) and backward pri-
mers (a′) for amplification; β2-m upstream (b) and downstream (b′) primers and HindIII (c) and BglII (c′)
sites are indicated in oligonucleotides I and II, respectively. *KpnI; **ClaI; ***HincII, XbaI and BamHI.

Primer Sequence (5′′–3′′) Product Size (bp) GenBank
Cytokine Forward Reverse Control Target Accession #

β2-m CTGCTCTCACTGTCTGG ATCGAGAGTCACGTGCT 416 284 L13854

IL-1 CAGCTATGAGCCACTTCCTG GTCACAGGAAGTTGCGAATC 219 434 X52731

IL-2 CAGTAACCTCAACTCCTGCCAC CATCCTGGAGAGATCAGCATTC 223 199 X58428

IL-4 GTCTCACATCGTCAGTGC TCATGCACAGAACAGGTC 217 359 L12991

IL-6 GGAACGCCTGGAAGAAGATG ATCCACTCGTTCTGTGACTG 219 470 M80258

IL-8 TGCAGCTTCATGGACCAG GTACAACCTTCTTCTGCACC 219 323 X61151

IL-10 GCTCTATTGCCTGATCTTCC GCACTCTTCACCTCCTCCAC 221 404 L20001

TNF-α CACTGAGAGCATGATCCGAG GGCTGATGGTGTGAGTGAGG 221 463 X57321

TNF-β ATGACACCACCTGGACG TGGTACACAGAGCGCAC 218 502 X54859

IFN-γ TGTACCTAATGGTGGACCTC TCTCTGGCCTTGGAACATAG 221 378 X53085

Table 1. Primer Sequences of Genes for Procine Cytokines Used for Exogenous Control in Q-RT-PCR
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(Life Technologies, Burlington, ON,
Canada) in 100 µL volume. The cy-
cling conditions were: denaturation
(94°C for 7 min); annealing (55°C for 2
min) and extension (72°C for 3 min)
for one cycle plus seven additional cy-
cles [denaturation (94°C for 1.5 min);
annealing (55°C for 2 min) and exten-
sion (72°C for 3 min)]. In the second
step, one µL of the first PCR product
was used as template for the second-
round PCR, and FPC and TPC tem-
plates were amplified using flanking
primers specific for each construct
(Figure 1A). All reactions were under
the following conditions unless other-
wise indicated: the reaction mixture
was 1× PCR buffer (50 mM KCl, 20
mM Tris-HCl, pH 8.4), 200 µM
dNTPs, 1.5 mM MgCl2, 0.5 µM of
each 5′ and 3′ primers and 2.5 U Taq
DNA Polymerase (Life Technologies)
in 100 µL. Amplifications were for 25
cycles comprising denaturation (94°C

for 1 min), annealing (55°C for 1 min)
and extension (72°C for 1 min) plus fi-
nal extension (72°C for 10 min). The
PCR products were resolved by ethidi-
um bromide-stained 2% agarose gel
electrophoresis, purified and cloned
into the pSP64Poly(A) vector (Prome-
ga, Madison, WI, USA). Correct orien-
tation was confirmed by PCR using IL-
2 flanking primers.

Plasmid was column-purified (Qia-
gen, Chatsworth, CA, USA), cesium
chloride gradient-separated and se-
quenced (Mobix, Hamilton, ON, Cana-
da). One mismatch (‘A’ for ‘G’) detect-
ed in TPC was corrected by site-
directed mutagenesis using “hot-start”
PCR.

Assembly of ββ2-m Primers

Two oligonucleotides (I and II),
each of about 40 bases, were incorpora-
ted into the existing constructs (FPC

and TPC) by “hot-start” PCR. The oli-
gonucleotides contained the sequences
for forward and backward primers for
amplification, β2-m flanking primers
and endonuclease sites for cloning
(Figure 1B). Amplification was per-
formed for 25 cycles in 100 µL volume
consisting of 1× cloned Pfu buffer [20
mM Tris-HCl, pH 8.8, 10 mM KCl, 10
mM (NH4)2 SO4, 2 mM MgSO4, 0.1%
Triton® X-100, 100 µg/mL bovine se-
rum albumin (BSA)], 200 µM dNTPs,
100 ng plasmid DNA, 0.5 µM of each
primer and 2.5 U of recombinant Pfu
DNA Polymerase (Stratagene-PDI Bio-
Science, Aurora, ON, Canada). Each
cycle comprised denaturation (95°C for
1 min); annealing (55°C for 1 min), ex-
tension (72°C for 1 min) and a final ex-
tension step (72°C for 10 min). Blunt-
end PCR products were resolved by
1.5% agarose gel electrophoresis,
cloned into the pSP64Poly(A) vector
and sequenced.



RESULTS AND DISCUSSION

We have described a method to con-
struct internal controls for use in quanti-
tative RT-PCR (Q-RT-PCR). Controls
have been constructed by OE-PCR,
stepwise linking and annealing of PCR
primers (1,4,5). Our initial attempts to
design and produce a control using more
conventional methods involving two
overlapping oligonucleotides of about
120 bases resulted in eight mismatches
in the two PCR products of about 200 bp
each (unpublished results). The errors
that occurred after 50 nucleotides from
the 5′ end, included three single base
deletions of G or A and five misincorpo-
rations of G for A/C; T for C or A for T.
The observed error rate of 2% was
greater than the anticipated 0.026% (4),
and synthesis of long oligonucleotides
may be error prone. Although primer an-
nealing occurred using this construct,
we wished to avoid possible variables in
the co-amplification of target and con-
trols in Q-RT-PCR that are due to known
primer sequence errors. A primer system
was therefore constructed utilizing six
short oligonucleotides each of about 50
bases. These had only one mismatch
(16th position in the terminal strand of
TPC) possibly due to an amplification
error by Taq DNA polymerase. Misin-
corporations were not detected when
Pfu DNA polymerase was used.

Several enzyme sites were either re-
tained or incorporated into the construct
to facilitate insertion of additional se-
quences. Since quantitation of target
genes by RT-PCR is sensitive to varia-
tions in actual gene expression but also
to qualitative variation in the target
RNA, it was decided to use a constitu-
tively expressed “housekeeping gene”
as a within-sample reference. The inter-
nal control was therefore modified by
incorporating β2-m sequences. Target
gene values can be normalized to β2-m
reference transcripts to correct for
between-sample variations arising with-
in the starting RNA. Since the control
contains the flanking primer sequences
of multiple cytokines, a single control
can be used as a competitive template in
Q-RT-PCR to analyze several cytokines
in each sample. In the authors’ hands,
the method has proven useful in quanti-
fying expression of the targeted pig
cytokine genes in blood cells.
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