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Serum Alpha 1–Acid Glycoprotein Concentrations in
Healthy and Tumor-Bearing Cats

K.A. Selting, G.K. Ogilvie, S.E. Lana, M.J. Fettman, K.L. Mitchener,
R.A. Hansen, K.L. Richardson, J.A. Walton, and M.A. Scherk

The purpose of this study was to evaluate alpha 1–acid glycoprotein (AGP) concentrations in tumor-bearing and healthy cats. The
hypothesis of the present study was that AGP concentrations would be significantly increased in tumor-bearing cats. Serum from
51 healthy and 97 tumor-bearing, client-owned cats was harvested at the time of presentation and stored at�80�C until assayed.
Cats with measurable, histologically confirmed malignancies, and healthy cats of similar ages were included. Serum was assayed
for AGP concentration by using a radial immunodiffusion method. AGP concentrations were significantly (P � .0051) higher in
tumor-bearing (763� 595 �g/mL; mean� SD) when compared to healthy cats (501� 377 �g/mL; mean� SD). Of the tumor-
bearing cats, 35 had carcinomas, 33 had sarcomas, and 26 had discrete, round cell tumors. AGP concentrations were 645� 62
�g/mL, 660� 540 �g/mL, and 967� 860 �g/mL, respectively, and there were no significant differences among the groups.
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Alpha 1–acid glycoprotein (AGP) is an acute phase re-
actant protein (APRP) found in the seromucoid por-

tion of the perchloric acid–soluble fraction of serum.1,2 It is
produced by hepatocytes1–7 and lymphocytes6 in response
to cytokines such as interleukin-1, interleukin-6, and tumor
necrosis factor alpha (TNF-�).8,9 It is composed of a single
polypeptide chain containing approximately 45% carbohy-
drate,6,7 and its conformation resembles beta-adrenergic re-
ceptors.10 There are 2 forms of AGP. The 1st has a molec-
ular weight of approximately 54,000 Da and is produced
by lymphocytes. The 2nd form (orosomucoid) has a mo-
lecular weight of approximately 40,000 Da and is found in
serum, likely as a result of cleavage of sialic acid residues
from the 54,000-Da form.2,6 The role of AGP has not been
elucidated, but its serum concentration has been shown to
be increased in humans and animals with various types of
cancer.1,3–5,9,11–20In humans, AGP concentrations have been
useful in staging and monitoring malignancies such as lym-
phoma,4 colorectal cancer,5,16,20cervical cancer,14 and esoph-
ageal cancer,15 with AGP concentrations being increased
with active disease.

Regarding function, one author suggests that AGP (de-
scribed as an antiprotease) may inhibit tumor-produced en-
zymes, thereby decreasing invasion to surrounding tissues.16

AGP also inhibits lymphocyte proliferation, platelet aggre-
gation, and neutrophil function, including phagocytosis,
chemotaxis, and superoxide anion generation, and its bio-
logical effects may depend on its state of glycosylation.21

It follows that APRPs may play a role in the defense mech-
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anisms of animals against microbial infection.22 AGP also
has been shown to neutralize the effects of TNF-� in an
experimental murine shock model when given preemptive-
ly.8 Lastly, AGP has been investigated for its role in the
pharmacokinetics and pharmacodynamics of basic protein-
bound drugs. As a saturable or specific binder, it can de-
crease the amount of free drug in blood.10,23,24

Serum AGP concentrations are increased both in patients
with cancer and in those with nonmalignant illness. Species
in which AGP concentrations have been studied with ill-
nesses other than cancer include humans,7,9,18 dogs,3,11

cats,22,25 pigs,26 chickens,21,27,28 and cows.12 Illness included
both viral and inflammatory processes. Clinical studies of
veterinary cancer patients are few but include a recent study
of dogs with lymphoma in which serum AGP concentra-
tions correlated with remission status. AGP concentrations
were markedly higher in dogs with lymphoma than in
healthy dogs, and concentrations decreased with remission
and increased before clinical detection of recurrent dis-
ease.11 A marked increase in AGP in tumor-bearing dogs is
not always present, and one report of dogs with both benign
and malignant mammary tumors, as compared to healthy
dogs, did not find a statistically significant difference
among groups.29

To date, few data exist regarding the presence of a similar
pattern of AGP concentrations in cats. One report in cats
with lymphoma demonstrated significantly increased AGP
concentrations in tumor-bearing cats (n� 9) when com-
pared to healthy cats (n� 25), but a loss of remission was
not preceded by an increase in serum AGP concentration.19

The purpose of this study was to evaluate AGP concentra-
tions in large numbers of tumor-bearing and healthy cats.
We hypothesized that serum concentrations of AGP would
be markedly increased in cats with malignancies compared
to healthy cats.

Materials and Methods

Tumor-Bearing Cats

Ninety-seven client-owned tumor-bearing cats were evaluated from
November 1997 to March 1999. Cats did not have a history of prior
definitive treatment for their malignancy and ranged in age from 2 to
18 years. All tumor types were accepted, and diagnosis was confirmed
histologically. There were 35 carcinomas, 33 sarcomas, and 26 dis-
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Fig 1. Distribution of alpha 1–acid glycoprotein concentrations in
healthy and tumor-bearing cats. The box plot part of the graph dem-
onstrates the 10th, 25th, 50th, 75th, and 90th percentiles with the hor-
izontal lines from bottom to top, where the middle 3 values constitute
the enclosed box. Additionally, scatter plots outside the lines represent
outlying values. Although these data are normally distributed, this for-
mat is used to better demonstrate the data given the overlap of values.
Difference between the mean values was significant with P � .0051.

Fig 2. Relative concentrations of alpha 1–acid glycoprotein with re-
spect to tumor type. Differences between any 2 groups were not found
to be statistically significant. Data are displayed in the same manner
as in Figure 1.

crete, round cell tumors (22 lymphomas, 2 melanomas, and 2 mast
cell tumors). Serum was collected at the time of initial diagnostic eval-
uation and stored at �20�C until it was shipped to a central location,
where samples were stored at �80�C until assayed. Duration of stor-
age was not recorded, but previous studies have revealed that freeze-
thaw cycles do not affect results.1

Healthy Cats
Fifty-one client-owned healthy cats were evaluated. All were pre-

sented with no history of illness between February 1998 and April
1999 for routine physical examination. Serum was collected and stored
in the same manner as described for tumor-bearing cats.

Analytical Methods
Serum AGP concentration was determined by use of the single ra-

dial immunodiffusion (SRID) method of Mancini et al,30 with minor
modifications.a Briefly, agarose gel containing anti-feline AGP rabbit
sera was prepared on a plastic container, and 2.5-mm-diameter wells
were punched out. Serum samples were applied to the wells (5 �g per
well). After the gels were incubated for 24 hours at 21�C in a humid
chamber, the diameter of the precipitin ring was measured to the near-
est 0.1 mm. Serum AGP concentration was determined for each sam-
ple by comparing the diameter of its precipitin ring with a standard
diameter-concentration curve prepared using standards with known
AGP concentrations (500 and 2000 �g/mL) provided in the kit. As
described by the company, the SRID test reacts specifically and ex-
clusively with AGP of cats, has a coefficient of variation less than
4%, and is accurate within a range of 100–3000 �g/mL.

Statistical Analysis
Data were evaluated using the Kolmogorov-Smirnov test for nor-

mality of distribution. Regression analysis was used to examine the
relationship between serum AGP concentration and age. Comparison
of serum AGP concentrations between tumor-bearing and healthy cats
was done by unpaired t-test. A 1-way analysis of variance was used
to compare the 3 tumor types. A value of P � .05 was considered
significant.31

Results
Healthy cats had a median age of 10 years (range, 2–

18 years) with a mean of 10 � 4 years (� SD). The

tumor-bearing cats had a median age of 12 years (range,
2–18 years) with a mean of 11 � 4 years (� SD). Serum
AGP concentrations (all data) were normally distributed
but were not associated with age (r2 � 0.023; P � .0725).
Serum AGP concentrations for healthy cats were 501 �
377 �g/mL (mean � SD), with a median of 400 �g/mL
(range � 90–2000 �g/mL). Serum AGP values for tumor
bearing cats were 763 � 595 �g/mL (mean � SD), with
a median of 580 �g/mL (range � 30–3430 �g/mL).
Mean concentrations for tumor-bearing cats were signif-
icantly higher (P � .0051) than for healthy controls.
However, the range of serum AGP concentrations for tu-
mor-bearing cats completely included that of the healthy
cats (Fig 1).

Comparison of AGP concentrations among tumor types
identified differences in results for discrete, round cell tu-
mors, carcinomas, and sarcomas. Carcinomas (n � 35) had
a mean concentration of 645 � 62 �g/mL (range 180–1580
�g/mL), and sarcomas (n � 33) had a mean concentration
of 660 � 540 �g/mL (range 30–1840 �g/mL), whereas
discrete, round cell tumors (n � 26) had higher concentra-
tions at 967 � 860 �g/mL (range 110–3430 �g/mL). Com-
paring discrete, round cell tumors (primarily lymphoma) to
carcinomas (P � .0533) and sarcomas (P � .0953), and
carcinomas to sarcomas (P � .8201), there were no signif-
icant differences between any 2 groups (Fig 2).

Discussion

This study confirmed that serum concentrations of AGP
are significantly increased in cats with cancer. AGP con-
centrations have been found to be increased in both dogs
and humans in a variety of illnesses, including acute and
chronic inflammation, pregnancy, and cancer.1–5,9,11–21,25–28

Although its role in such processes remains unclear, AGP
has been shown to be an important marker in monitoring
therapy of human cancer patients.1,4,16,20 A similar pattern
may occur in dogs.11

Few studies report serum AGP concentrations in cats.
One study evaluated different methods of analysis of cat
plasma proteins from healthy cats and found that despite
species differences, the basic order relationship of plasma
proteins in cats is comparable to that found in humans.32 In
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one report AGP was used in the diagnosis of feline infec-
tious peritonitis (FIP), and marked increases in serum AGP
concentration were of value in distinguishing naturally oc-
curring FIP from cats without FIP that had similar clinical
signs. In the same study, marked increases of serum AGP
concentrations were reported in cats with advanced feline
immunodeficiency virus infection. As in humans and dogs,
the test for AGP concentration in cats is sensitive, but it is
not specific with regard to the underlying disease.24 Also,
the report on AGP values in cats with lymphoma demon-
strated that AGP did not consistently correlate with disease
status in that group of cats.19

AGP, as it relates to stage of disease, has been evaluated
in some studies. In clinical studies of dogs, one study found
no difference in AGP concentrations with respect to stage
of lymphoma,3 and the other study included only 1 stage
of patients.11 Another study of dogs, which investigated the
correlation between serum AGP concentration and total si-
alic acid concentrations in dogs with mammary tumors,
found no correlation of AGP concentrations with clinical
stage.29 In humans, data in cervical, esophageal, and colo-
rectal cancer suggest that AGP concentration does correlate
with clinical stage of disease.5,15,16 Stage of disease was not
assessed in the present study. Although differences among
carcinomas, sarcomas, and discrete cell tumors were not
significant in the present study, tumor type may have an
influence on AGP concentration. In one study of humans,
APRP concentrations were more markedly increased in
Hodgkin’s than in non-Hodgkin’s lymphoma patients.4 AGP
has been shown to be produced by lymphocytes and has an
amino acid sequence with marked homology to human im-
munoglobulin G. Disorders that result in lymphocyte pro-
liferation may therefore contribute to increases in AGP con-
centration.6 This observation may in part explain the higher
concentrations found in discrete cell tumors, most of which
were lymphoma.

A complete overlap in the ranges of serum AGP con-
centrations between healthy and tumor-bearing cats sug-
gests that this assay may have limitations in monitoring
the presence and progression of malignant disease in the
cat. Despite wide variations and overlap, statistical anal-
ysis demonstrated that the increases in AGP concentra-
tion seen in cancer patients are more than expected by
chance. The influence of occult chronic inflammatory
processes in these cats cannot be ruled out, and the pres-
ence of such diseases may account for the variability in
AGP concentrations. In one study, AGP concentrations
were dramatically increased in cats hospitalized for un-
disclosed illness, as well as in experimentally and sur-
gically induced inflammation when each group was com-
pared to healthy cats, without overlap between groups.22

This finding suggests that other factors, such as tumor
burden, may account for the variation seen in the present
study. Retroviral status was not available in enough cats
to evaluate its effect on these results. Despite differences
in AGP concentrations among species during the neo-
natal period, AGP concentration in the mature individual
has been reported not to be influenced by age,15,21,26,28 as
observed in this study. Further studies must be performed
to evaluate AGP concentrations in nonneoplastic inflam-
matory processes in cats, as well as to further understand

the potential prognostic value of monitoring AGP con-
centrations in cats with cancer. As in human medicine,
AGP may be most useful as one of several components
of an APRP profile.4,16,20

Footnote
a Feline AGP measurement kit. Saikin Kagaku Institute Co, Ltd, Sen-

dai, Japan
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