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Background: The most commonly used
method of polyethylene glycol (PEG) pre-
cipitation for macroprolactinemia (MP)
screening has some significant draw-
backs. The aim of this study was to estab-
lish a new method using PEG for
precipitation of macroprolactin (macroPRL)
to detect genuine hyperprolactinemia (gen-
uine HP). Methods: The optimal PEG con-
centration for precipitation and the effect of
PEG on the precipitation of PRL were ana-
lyzed to establish and optimize our PEG
precipitation method. The PRL recovery
rate and genuine HP detection rate were
compared between our method and MP
screening method. Results: About 25%
PEG6000 was determined to be the optimal
PEG concentration for precipitation. Along
with an increase in protein concentration in
the PRL calibration solution, the PRL
recovery rate after precipitation decreased
gradually. The PRL recovery rate increased

when the precipitation was carried out with
diluted PRL calibration solution; the recov-
ery rate reached greater than 90% after a
5-fold dilution of the calibration solution.
The genuine HP detection rate and PRL
recovery rate using our diluted serum PEG
precipitation method were significantly
higher than those obtained with the MP
screening method. Our method success-
fully detected 31 cases of genuine HP,
which was significantly higher than the
detection rate obtained using the MP
screening method (25 cases; P < 0.001).
Conclusion: Precipitation using 5-fold dilu-
ted serum with 25% PEG6000 can effec-
tively reduce the macroPRL concentration,
increasing the PRL recovery rate and detec-
tion rate of genuine HP after precipitation,
which is an effective and convenient method
for the detection of genuine HP. J. Clin.
Lab. Anal. 30:1169–1174, 2016. © 2016
Wiley Periodicals, Inc.
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INTRODUCTION

There are three molecular forms of prolactin (PRL)
presented in circulating human blood, which are
monoPRL with a molecular weight around 23 kD
(also called free PRL), bigPRL with a molecular
weight of 40–60 kD, and macroPRL with a molecular
weight greater than 100kD (1). MacroPRL is a com-
plex formed by PRL and its antibody (2, 3). Although
macroPRL is believed to be biologically inactive due
to its large molecular weight and steric constrains (4,
5), it impacts the immunological detection of PRL (6).
Macroprolactinemia (MP) associated with the accumu-
lation of macroPRL is generally false hyperprolactine-
mia (HP) (7), which can lead to improper examination
and drug treatment (8, 9). PEG precipitation is the

most commonly used method for MP screening in clin-
ical laboratories, which uses the PRL recovery rate
(following serum PEG precipitation) as an indicator to
estimate the content of macroPRL in the serum as a
means to confirm the diagnosis of MP, providing cor-
responding reports based on measured results (10).
This method has some significant drawbacks, including
an unclear determination of MP and a low concentra-
tion of active PRL (micoPRL + bigPRL) (11, 12).
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To improve the precipitation efficacy of smaller active
PRLs, this study explored a new method using
PEG6000 to effectively precipitate macroPRL and con-
sequently increase the detection rate of genuine HP.

MATERIALS AND METHODS

Materials

Sample source

All 72 patients with elevated serum PRL levels
(>25.0 ng/ml) (13) were admitted into our hospital, with
an age range 11–55 years and a median age of 28 years.

Instruments and reagents for detection

An I2000sr chemical luminescence analyzer and
the supporting PRL detection reagent box (lot:
35917UI00) were obtained from Abbott (Longford, Ire-
land). A LX20 biochemical analyzer and the supporting
total protein detection reagent box (lot: 4962) were
obtained from Beckman (Brea, CA). PEG6000 was
obtained from Sigma (St. Louis, MO), which was pre-
pared as a 15%, 20%, 25%, and 30% PEG working
solution in 0.9% sodium chloride (NaCl). PRL calibra-
tion solution was obtained from Roche (Basel, Switzer-
land) (lot: 175007-01, total protein: 60 g/l, containing
specific concentrations of PRL). Protein calibration
solution CAL 1 was a special protein calibration solu-
tion obtained from Beckman (lot: M305372, total pro-
tein: 105 g/l, containing an extremely low concentration
of PRL).

Methods

Establishment of gold standard for MP

The PRLs in the 32 samples were separated using
Sephacryl sephacryls-100 hr column chromatography
(GE Healthcare, Pittsburgh, PA) combined with an
Akata explore protein purification instrument (GE
Healthcare), and the eluents were collected using a
Frac-900 collector (1.2 ml/tube). The PRL content in
the eluents was detected by an i2000sr analyzer.
MacroPRL accounting for 50% or more of the total
PRL content was used as the gold standard for MP
determination (14).

Establishment of MP screening standard by PEG
precipitation

One eluent sample with an obvious macroPRL com-
position and one with macroPRL + bigPRL were

randomly selected. A 200 ll eluent collected from each
sample tube was precipitated with different concentra-
tions of PEG, according to the method previously
described (15). The PRL content of the supernatant
was then measured by the i2000sr to determine the
most suitable concentration of PEG for later experi-
ments. The same 32 serum samples were subjected to
PEG precipitation. The PRL recovery rate (<50%)
after PEG precipitation was used as the standard for
MP screening.

Effects of increased protein concentration on PEG
precipitation of PRL

We randomly selected one portion of PRL calibra-
tion solution, and each one of eluents containing
monoPRL, bigPRL, and macroPRL, respectively. A
different ratio of 0.9% NaCl and calibration protein
solution CAL 1 was added to these solutions, which
were subjected to PEG precipitation. The PRL levels
in the supernatant were measured by i2000sr.

Selection of the optimal dilution factor

One portion of PRL calibration solution and two
portions of calibration protein solution were mixed to
prepare a mixture with a protein content of 90.0 g/l,
which was then diluted with 0.9% NaCl by a factor of
1, 3, 5, 10, or 15. The PRL contents in the supernatant
of these solutions after PEG precipitation were then
measured using an i2000sr. Once the PRL recovery
rate was calculated, the appropriate dilution factor
was selected for clinical serum samples.

Comparison of serum dilution method and MP
screening method

For the diluted serum method, serum samples were
subjected to PEG precipitation after dilution, with
concentrations of active PRL calculated as 2 9 PRL
levels in the supernatant 9 the corresponding dilution
factor. Another 40 cases of serum samples with ele-
vated PRL levels were subjected to the diluted serum
method and the MP screening method simultaneously.

Statistical Analysis

The serum PRL concentrations followed a non-nor-
mal distribution, which are presented as median and
quartile [M (QR)]. Comparisons of MP detection rates
was conducted with a chi square (v2) test, and the
PRL concentrations detected by different methods
were analyzed using rank sum test (Wilcoxon test) for
paired data. SPSS 16.0 statistical software (SPSS Inc.,
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Chicago, IL) was used, with P < 0.05 considered sta-
tistically significant.

RESULTS

As demonstrated in Figure 1a, 15% PEG failed to
precipitate macroPRL. The precipitation rate of
macroPRL by 20%, 25%, and 30% PEG6000 was
42.0%, 77.5%, and 78.4%, respectively. There was no
significant difference between the precipitation rates of
macroPRL using 25% or 30% PEG6000 (P = 0.374).
As shown in Figure 1b, both 25% and 30% PEG6000
failed to effectively precipitate monoPRL or bigPRL.
Therefore, 25% PEG6000 was selected as the most
suitable concentration for PEG precipitation.
Figure 2 was plotted using the percentage of

macroPRL within the total PRL after gel chromatog-
raphy (>50% as the gold standard for MP determina-
tion) and the PRL recovery rate after 25% PEG6000
precipitation. As shown in Figure 2, the MP screening
method and gel chromatography method showed a
high coincidence rate (90.6%).
With the increase in total protein concentration in

the PRL calibration solution, the PRL content in the
supernatant after PEG precipitation decreased gradu-
ally (Fig. 3a). At the same time, with the increase in
protein added to the eluents containing monoPRL,
bigPRL, and macroPRL, the contents of each PRL
decreased after PEG precipitation (Fig. 3b).
PEG precipitation was conducted after diluting the

PRL calibration solution with different proportions of
0.9% NaCl. The observed PRL recovery rate gradually
increased with increasing dilution factor. When the cal-
ibration solution was diluted greater than 5-fold with a
corresponding serum protein concentration below
18.0 g/l, the PRL recovery rate reached 93.5%
(5-fold), 94.3% (10-fold), and 95.3% (15-fold), respec-
tively (Fig. 3c). Therefore, a 5-fold dilution was chosen
as the optimal dilution factor.
Among the 40 patients with elevated serum PRL

levels, the MP screening method diagnosed MP in 15

cases and genuine HP in 25 cases. When the serum
dilution method was used, the PRL recovery rate of
genuine HP and MP patients was 101.3 (94.7–105.8)%
and 43 (32.6–53.4)%, respectively. These values were
significantly higher than those obtained by the MP
screening method. Compared with the MP screening
method, the serum dilution method significantly
increased the reported PRL levels of MP patients.
However, there were no effects on the reported PRL
levels in genuine HP patients (P > 0.05). These results
are listed in Table 1.
Among the 40 patients with elevated PRL levels, the

serum dilution method detected 31 cases of genuine
HP, which was significantly higher than the detection
rate for the MP screening method (25 cases, P < 0.01).
There were a total of 22 patients with symptoms
related to genuine HP (17 cases of menstrual disorders,
2 cases of infertility, 2 cases of menopause, and 1 case
of intracranial space occupying lesion). Our serum
dilution method detected 18 cases of genuine HP with
a sensitivity of 81.8%, which was significantly higher
than that of the MP screening method (59.1%;
P < 0.05).

Fig. 1. Precipitation of PRL in the eluents using different concentrations of PEG6000.

Fig. 2. Establishment of the MP screening standard by PEG

precipitation.
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DISCUSSION

As early as 1994, Hattori et al. developed a radioim-
munoassay to detect PRL autoantibodies (16), based
on the principle that immune complexes could be pre-
cipitated by PEG. However, no detailed reports have
been published regarding PEG precipitation of PRLs.
Using different concentrations of PEG6000 to precipi-
tate PRLs, we found that 25% PEG6000 can precipi-
tate most macroPRL, with a precipitation rate of
~77.5%. Meanwhile, this PEG concentration did not
effectively precipitate monoPRL or bigPRL. Further-
more, after testing, we found that the total protein
content in the eluents was very low (less than 2.0 g/l),
indicating that, in solutions with low protein concen-
tration, 25% PEG6000 may selectively precipitate PRL
based on molecular weight. When we added additional
protein to the eluent solution containing monoPRL,
bigPRL, and macroPRL, the PRL contents detected in
the supernatant decreased with increasing amounts of
added protein (Fig. 3b). Consistent results were
obtained when different amounts of protein were
added to the PRL calibration solution (containing
monoPRL, calibrated with W.H.O third international
standard 84/500). When the concentration of total pro-
tein increased from 55.0 to 90.0 g/l, the recovery rate
of monoPRL decreased from 81.9 to 71.3% (Fig. 3a),
with nearly 20–30% of monoPRL being non-specifi-
cally co-precipitated. Therefore, PEG precipitation of
PRL from serum samples with a rich protein content
is likely the result of both the molecular weight selec-
tivity and non-specific co-precipitation.
In addition to the effect of total serum protein on

non-specific precipitation, the ratio of globulin in
serum protein is also one of the most important fac-
tors that influence co-precipitation (17). In addition,
the molecular weight of macroPRL varies (18). Due to
all of these factors, the amount of active PRL after
PEG precipitation cannot be calculated simply as the
PRL content in the supernatant multiplied by the

dilution factor. With the MP screening method, a high
recovery rate of PRL after precipitation suggests that
monoPRL is the most abundant PRL in the sample,
whereas a low recovery rate suggests that macroPRL
is the most abundant PRL; a recovery rate of <40%
for MP and >60% for genuine HP are therefore suit-
able selection criteria (10). However, we believe that
there are some significant drawbacks with this method.
First, the gel chromatography method is very time
consuming, expensive, and the “gray zone” between
the two recovery rates of 40–60% is difficult to be con-
firmed in clinical laboratory where a single cut-off
value is usually used as the screening standard (19–22).
Therefore, a screening standard of a recovery rate
<50% after precipitation was selected in this study,
similar to the study by Fahie-Wilson et al. (23, 24).
Among the 32 samples used for the determination of
screening standard, three cases (9.4%) demonstrated a
recovery rate in this “gray zone” (42.7%, 48.0%, and
55.3%), with one genuine HP sample (macroPRL
composition accounted for 43.6%) misclassified as MP
(recovery rate was 42.7%). Secondly, because of the
effect of co-precipitation, the predetermined content of
monoPRL significantly decreased after PEG precipita-
tion, whereas our experimental data (Fig. 3a, b) were
consistent with related literature reports (12, 17).
Although it has been suggested that this influence may
be eliminated by building another PRL reference inter-
val after precipitation (25, 26), such an approach
would still bring undesired complexity into the inter-
pretation of PRL laboratory reports.
After realizing that co-precipitation occurred in high

protein solution but not low protein solution, we
believe it is feasible to effectively precipitate
macroPRL meanwhile retain active PRL by lowering
the serum protein content (to a midpoint) for PEG
precipitation. In this study, we showed that PEG pre-
cipitation (after dilution of the high protein PRL cali-
bration solution) significantly increased the PRL
recovery rate (as shown in Fig. 3c), proving that this

Fig. 3. Effects of protein concentration on PEG-based precipitation of PRL.
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approach is both feasible and effective. At the same
time, a 5-fold dilution was determined to be the opti-
mal dilution factor in this study. As shown in Fig-
ure 2, the MP screening method had a high
coincidence rate with the gold standard method of gel
chromatography for macroPRL determination (90.6%).
It is believed that post-diluted serum PEG method
would have a higher coincidence with gel chromatog-
raphy method than that of MP screening method.
When comparing this method with the MP screening
method, the serum dilution method not only elimi-
nated the process of MP determination but also
improved the recovery rate of PRL after precipitation,
which had no effect on the reported PRL levels in gen-
uine HP cases, but significantly increased the reported
PRL concentration in patients with MP, thereby
increasing the detection rate of and sensitivity for
genuine HP.

CONCLUSION

Precipitation of PRL using 25% PEG6000 can filter
PRLs based on molecular weight selectivity, while
avoiding non-specific co-precipitation. A 25% PEG
solution in 5-fold diluted serum can effectively remove
macroPRL, improving the detection rate of and sensi-
tivity for genuine HP.
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