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Background The incidence of a bifid electrophoretic pattern in the albumin region
on serum protein electrophoresis is an infrequent phenomenon. The availability of
literature from India is scarce and is limited to case reports.

Objective The aim of the study is to analyze the frequency of bisalbuminemia in an
Indian referral facility. The study delved into their clinical associations.

Material and Methods The retrospective case records of the patient from the
departmental database were scrutinized. The study subjects were for an 8-year study
period.

Results There were about 39,900 serum electrophoresis performed in an 8-year
study period. A total of 40 cases of bisalbuminemia were detected. The incidence in
our cohort was 0.01%.

Conclusion Bisalbuminemia, an overtly benign condition, is infrequent in Indian
population although not rare. It is associated with several clinical disorders; however,

electrophoresis

Introduction

Human serum albumin (HSA) is a vital constituent of human
plasma with a variety of physiological functions. Besides
being essential, HSA constitutes 60 to 65% of total plasma
proteins.! HSA’s role in maintaining oncotic pressure is well
known. In addition, HSA helps in transportation of several
endogenous and exogenous molecules.? Its antioxidant func-
tion protects the body from several oxidizing agents. It acts as
catalyst in various body reactions.? It is produced in the liver
by hepatocytes as a 66.5 kDa single polypeptide chain and is
secreted into plasma without glycosylation. Structurally, it is
comprised of 585 amino acid residues with 67% a-helix and
without B-sheet. It has three homologous domains and each
domain is further comprised of two subdomains (A and B).3
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the association seems to be plausibly coincidental.

Serum protein electrophoresis (SPEP) is an investigative
procedure which is performed routinely for diagnostic pur-
pose, specifically as a screening test for monoclonal gam-
mopathies. However, we come across infrequent samples
which have two bands in the albumin region on the agarose
gel electrophoresis and this pattern is termed as bisalbu-
minemia or alloalbuminemia. This phenomenon was first
described in the year 1955 by Scheurlen in a diabetic German
patient. This gives rise to two separate albumin peaks
because of their dissimilar mobilities on SPEP.* The incidence
of these variants is usually stated to be 1:1000 to 1:3000.!
The incidence is reported to be high (1:100) in several tribes
of North American Indians.® In this study, we wanted to eval-
uate the frequency of bisalbuminemia among patient under-
going screening in our laboratory. As immunopathologists,
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we were inquisitive regarding its translational importance.
Hence, in the present study in addition to frequency, we tried
to analyze the disease association in a cohort of patient with
bisalbuminemia.

Materials and Methods

The study presents retrospectively analyzed data from depart-
mental case records and meets the conditions of the World
Medical Association Declaration of Helsinki. This study
includes 40 cases of bisalbuminemia diagnosed on SPEP.
In the present study, we included all electrophoretically diag-
nosed cases of bisalbuminemia (n = 40) in the Department
of Immunopathology of Postgraduate Institute of Medical
Education and Research (PGIMER), Chandigarh from January
2012 to December 2019. SPEP was conducted with aga-
rose gel electrophoresis on Helena Bioscience (Europe) plat-
form. The kits utilized for running the test were SAS-1 plus
and SAS-2 SAS-1SP 24 SB kit.® The proteins were separated
on the gel on the basis of their electrical charges (pH-8.8).
The separation of the band is aided by electrophoretic and
electroendosmotic forces. The agarose gel was loaded with test
sample with the help of applicators, and the remainder of the
steps were automated. Subsequently, the gel was loaded on
to the SAS-2 apparatus. In this, the steps of staining, destain-
ing, and drying were automated. The analysis was performed
by scanning the gel using software from Helena Biosciences
Europe software PT, version 3.0. The resolution was obtained
as six bands: albumin, alpha-1 globulins, alpha-2 globulins,
beta-1 globulins, beta-2 globulins, and gamma globulins. Data
including clinical findings, biochemical parameters, and hemo-
gram were recovered from the medical records of each patient.

Results

There were a total 39,900 SPEPs performed and 40 cases
of bisalbuminemia were diagnosed over a span of 8 years.
The incidence of bisalbuminemia in our cohort was 0.01%
(1:1,000). The mean age was 52.2 years (range 13-85 years).
There was male preponderance with 13 females and
27 males. The clinicopathological details of all the cases have
been highlighted in =Table 1. Patients presented with vari-
able clinical features. The mean hemoglobin was 9.3 g/dL
(6.8-12.1 g/dL). Diabetes mellitus (DM) was the most com-
mon co-existing clinical condition with bisalbuminemia
in our cohort (n = 6), followed by tuberculosis (n = 3) and
multiple myeloma (n = 3). Other less common co-existing
conditions were liver cirrhosis, lung abscess, chronic kidney
disease (CKD), acute kidney injury, nephrotic syndrome, den-
gue, and lung adenocarcinoma.

On electrophoresis, all the cases showed presence of
two bands in the albumin region. In addition, mild hyper-
gammaglobulinemia was seen in 13 cases, moderate
hypergammaglobulinemia in three cases, and marked hyper-
gammaglobulinemia in two cases. There were 18 cases where
the electrophoretic pattern was observed to be normal. There
was increased expression of alpha 2 globulins in four cases.
There was coexistence of myeloma protein (M band) in three
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cases (=Fig. 1). Another case demonstrated bisalbuminuria
in addition to bisalbuminemia (=~Fig. 2).

Discussion

This infrequently detected overtly nonpathogenic finding
can be either acquired or inherited. The hereditary bisalbu-
minemia is permanent and reflects the coexistence of two
types of albumin. Overall, it has rare consequences in terms
of morbidity, but some variants may have a different affin-
ity from that of albumin to normal hormones, metal ions,
fatty acids, or drugs.”® Conversely, the acquired bisalbumin-
emia occurs as a transitory phenomenon and shows a faster
mobility toward the anode as compared with normal albu-
min. This variance reflects the presence of a normal albumin
and a modified albumin. They result from structural changes
of a portion of albumin circulating either by addition or sub-
traction of material.® Other causes include DM, Waldenstrom
macroglobulinemia, multiple myeloma, sarcoidosis, pancre-
atic pseudocyst, nephrotic syndrome, CKD, and in patients
on high doses of penicillin.>*? In pancreatic pseudocyst, pro-
tein lysis by pancreatic enzymes would be responsible for
the double peak.!® The beta-lactams can bind to albumin and
change its electrophoretic migration."”” Diabetes has been
associated with bisalbuminemia, though the exact cause is

Fig. 1 Densitometer tracing showing two peaks in the albumin
region and M band on serum electrophoresis along with gel picture
of bisalbuminemia with M band.

Fig. 2 Serum and urine electrophoresis gel showing bisalbuminemia
and bisalbuminuria, respectively.
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Table 1 Clinical and SPEP findings of all the cases

Bisalbuminemia on SPEP Kapatia et al.

S.no. | Age (inyears) | Sex Clinical history SPEP findings in addition to
bisalbuminemia
1 28 Female Cirrhosis with portal hypertension, chronic Mild hypergammaglobulinemia
Budd Chiari syndrome, ascites, vitamin D
deficiency
42 Male Lung abscess, fever, cough Mild hypergammaglobulinemia
3 38 Male Marked hypergammaglobulinemia
4 52 Female Chronic kidney disease, hypertension, swell- Normal pattern
ing of body
5 30 Female Mild hypergammaglobulinemia
6 55 Male Primary hyperthyroidism, acute kidney injury, | Mild prominence of alpha 2 globulins
hypertension, alcoholic liver disease, contrast
nephropathy
7 55 Male Mild hypergammaglobulinemia
85 Male Diabetes mellitus, diabetic nephropathy Moderate hypergammaglobulinemia
9 56 Male Distal neuropathy Normal pattern
10 50 Female Hypercalcemia and renal failure Mild hypergammaglobulinemia and mild
prominence of alpha 2 globulins
11 64 Male Normal pattern
12 48 Male ? Amyloidosis Normal pattern
13 57 Male Hypertension, nephrotic syndrome Normal pattern
14 67 Male Tuberculosis, fever, cough Mild hypergammaglobulinemia
15 50 Female Tuberculosis, pericardial effusion, DVT, fever Normal pattern
with cough
16 70 Male Multiple myeloma M band in gamma region in background of
marked hypogammaglobulinemia
17 56 Male Rapidly progressive renal failure with increase | Mild hypergammaglobulinemia
in creatinine
18 66 Female Normal pattern
19 45 Male Brachial plexopathy, diabetes mellitus Normal pattern
20 55 Male Normal pattern
21 70 Female Metastatic adenocarcinoma with pleural Mild prominence of alpha 2 globulins and
and pericardial effusion and lymphocytic moderate hypergammaglobulinemia
thyroiditis
22 55 Male Normal pattern
23 57 Male Hypertension, diabetes mellitus with pedal Mild hypergammaglobulinemia
edema
24 40 Male Normal pattern
25 52 Male Tuberculosis Moderate hypergammaglobulinemia
26 58 Male Normal pattern
27 40 Female Cryoglobulinemic vasculitis Normal pattern
28 61 Male Mild hypergammaglobulinemia along with
bisalbuminuria
29 62 Male Diabetes mellitus with chronic inflammatory Normal pattern
demyelinating neuropathy
30 49 Male Hypertension, diabetes mellitus Mild hypergammaglobulinemia
31 50 Male Normal pattern
32 42 Male Normal pattern
33 65 Female Diabetes mellitus Normal pattern
34 60 Female Previous known case of multiple myeloma Mild hypergammaglobulinemia
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Table 1 (Continued)

S.no. | Age (inyears) | Sex Clinical history SPEP findings in addition to
bisalbuminemia

35 51 Male Normal pattern

36 45 Female ? Multiple myeloma (anemia and renal failure) | Mild hypergammaglobulinemia

37 53 Female Renal failure Mild hypergammaglobulinemia

38 51 Male ? Multiple myeloma (anemia, renal failure, M band in gamma region in background of

fatigue, backache) normal gamma globulins

39 45 Female ? Multiple myeloma M band in gamma region in background of
marked hypogammaglobulinemia

40 13 Male Dengue with ? Reactive arthritis Mild prominence of alpha 2 globulins and
marked hypergammaglobulinemia

Abbreviations: DVT, deep vein thrombosis; SPEP, serum protein electrophoresis. ? denotes possible diagnosis

not known." Monoclonal gammopathies including myelo-
mas may be randomly seen with bisalbuminemia,'> though
nobody talks about the reason for the same. Chan et al*® found
that bisalbuminemia is a rare incidental finding in mono-
clonal gammopathies and is not associated with the same.
Bisalbuminuria is a rarer finding which shows two distinct
fractions of urinary albumin on electrophoresis. There are
just few case reports of the same.!”'®* We have also described
one case in our series which showed both bisalbuminemia
and bisalbuminuria.

When we see inherited types, one demonstrates either
slow (with less negative net charge) or fast (with more nega-
tive net charge) electrophoretic mobility.’® Contrastingly, the
acquired form displays presence of albumin dimers—an extra
band in the immediate post-albumin region signifying 10 to
15% of the total albumin fraction. Inherited forms may show
single point (e.g., arginyl-albumin resulting from the substi-
tution of arginine [Arg] in place of normal amino-terminal
aspartic acid moiety) or chain-termination mutations
(a mutation in the amino-terminal Arg-Arg propeptide
sequence required for post-transcriptional processing of
albumin).?® In our cohort, there is predominant North Indian
population admixed with Caucasian population. In our pop-
ulation cohort, there does not seem to be any association due
to variable presentation. Therefore, bisalbuminemia is not a
product of any disease but a chance finding which could be
attributed to possibly hereditary type.

Albumin variations, as detected on SPEP, should keenly
be noticed by both the clinicians and immunopathologists.
Such novel forms of albumin may also offer data on evolu-
tion, molecular structure, and characteristics of the albumin
molecule. Acquired form should arouse suspicion and make
clinician think if there is any underlying disease process
going on which is not diagnosed yet. Learning about albu-
min variants can be of great inquisitiveness and might be
valuable in assessing their geographical distribution. There
is no well-known clinical importance of this entity except
stated above. It should not be mistaken as an abnormal glob-
ulin peak specially while seeing suspected or confirmed
cases of monoclonal gammopathies. These bands usu-
ally vanish after the stoppage of drug or the treatment of
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disease.?'?? Some of the albumin variants show altered affin-
ity for several ligands, like steroidal hormones, thyroxine,
and many drugs.?'?24 Therefore, it is important to recognize
such variants which may further provide more knowledge
about the nature of diseases related with atypical binding
of these ligands to albumin. Clinicians and immunopathol-
ogists must keep this entity in their radar and interpret it
with caution.
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