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Beta-2-microglobulin (B2MG), has been reported as a biomarker for the fetal renal function development, including the maturation of the

tubular reabsorption mechanisms. The aim of this work was to collate and integrate data from different clinical studies to describe the longitudinal
changes in B2ZMG during pregnancy. Clinical data on maternal serum B2MG, fetal serum and urinary B2MG, and amniotic B2MG during normal
pregnancy were fitted to mathematical equations to quantify B2ZMG changes at different gestational weeks (GWs). Data on maternal plasma B2ZMG
levels during pregnancy between 6 and 40 GWs as well as in non-pregnant women were available from eleven studies. Data on B2ZMG levels in
fetal plasma between 12 and 40 GWs were reported in ten studies. Retrieved data on fetal urinary B2MG levels were available from seven studies.
Amniotic B2ZMG levels were available from thirteen studies. These data indicated a reduction in both fetal urinary and amniotic B2ZMG, while fetal
serum was relatively constant. There was a slight (40%), increase in maternal serum B2ZMG during the third trimester. Continuous gestational-
dependent equations have been developed to predict the level of B2MG in these biological matrices at different GWs and can be integrated within
feto-maternal system pharmacology tools. Current clinical data indicated that the maturation of fetal tubular reabsorption and catabolism begins
in the middle of the second trimester of pregnancy. Further studies are required to elucidate these processes separately to prevent xenobiotic

ABBREVIATIONS
B2MG: Beta-2-microglobulin; GW: Gestational week.
INTRODUCTION

Beta-2-microglobulin (B2MG) is a low molecular
weight protein (11.8 kDa), that associates with the major
histocompatibility complex I on the surface of all nucleated
cells [1]. It is synthesized by all nucleated cells in different
tissues and released into the circulation, with a synthesis
rate of 0.13 mg/h/kg body weight in healthy adults [2].
In vitro studies showed that tumor cells and lymphocytes
are high B2ZMG producers [3]. B2ZMG is eliminated almost
exclusively through renal filtration. More than 99.9% of
the filtered B2ZMG is subsequently actively reabsorbed in
the renal proximal tubule cells with only trace amounts
recovered in the final urine, especially in acidic urinary pH
[2,4]. The renal proximal tubule cells are densely packed
with mitochondria to supply energy for active transport
in the proximal tubules. This active process, usually in

accumulation in the developing kidney and protect it from any possible nephrotoxicity.

one direction, involves the uptake of molecules from the
tubule lumen back into the cell against their concentration
or electrochemical gradients.

Due to its link to the immune response, B2MG serum
level has been found to be elevated in cases of infections,
inflammation, and various malignant diseases [1,2,5].
In patients with impaired renal function (creatinine
clearance < 30 mL/min), both serum and urinary B2MG
levels rise owing to approximately 50% decrease in tubular
reabsorption compared with individuals with normal
renal function [1,2,4]. These data suggest the utility of this
biomarker in several renal and non-renal diseases.

In normal pregnancy, both maternal serum and urinary
B2MG levels remain at the non-pregnant level during
1st and 2™ trimesters with slight increase in the third
trimesters, secondary to a reduced renal filtration [6,7]. In
pre-eclamptic patients, where renal function is impaired,
characterized by proteinuria, reduced glomerular
filtration, and decreased renal blood perfusion [8],
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maternal plasma level of B2ZMG is significantly elevated
compared to those of healthy pregnant women [9,10].
Fetal tissues, including liver, kidney, thymus, testis, lung,
skin, are capable of autonomous synthesis of B2ZMG [11].
However, the development of the utero-placental unit does
not contribute significantly to the maternal serum B2MG
levels and is unlikely to cross the placenta barrier [9,12].

Various studies investigated the role of B2MG as a
renal filtration marker to infer the morphological and
functional development of the fetal kidneys [12-18]. Due
to immaturity of fetal kidney filtration, fetal serum B2ZMG
was reported to be two times higher than the normal adult
serum level (1.6 mg/L in 1514 healthy young adults [19],
versus 2.93 mg/L in 123 normal fetuses aged between 17
and 37 gestational weeks (GWs) [20]). Because of ethical
and clinical restriction, direct access to the fetal urine via
renal puncture has been performed only in limited studies
in fetuses with obstructive uropathy, hydronephrosis,
and nephropathies [16,17,21,22]. The amniotic B2MG
level, however, has also been evaluated as an alternative
sampling site to infer the development of fetal renal
reabsorption and catabolism mechanism [18,23]. These
studies suggest observed reductions in amniotic and
urinary B2ZMG throughout gestation reflect the maturation
of renal function and catabolism, supporting the use of
amniotic/urinary B2MG as biomarkers to assess the
ontogeny of these processes.

There is significant literature on gestational changes
in BZMG across a range of maternal and fetal matrices.
Collating and integrating all of these data algorithmically
offers a robust approach to understanding the timing and
extent of physiological changes to the fetal renal function
during pregnancy. Better description of BZMG changes
during pregnancy is not only clinically relevant to provide
reference intervals for normal fetal development, but also
to better understand the ontogeny profile of the active
reabsorption in the fetal renal tubules. The later goal can
unlock the path for approaches to attenuate or avoid any
possible adverse effects to the fetal kidney when maternal
exposure to xenobiotics cannot be avoided.

The aims of this work are therefore (a) to compile and
integrate existing studies on B2MG in the fetal serum, fetal
urine, amniotic fluid, and maternal serum; and (b) to derive
a mathematical relationship quantifying the ontogeny of
B2MG during pregnancy, where data allow.

MATERIALS AND METHODS
Literature Search

Searches for published literature articles relating to

B2GM level in fetal and maternal plasma, umbilical, urinary
and amniotic fluid was carried out using PubMed (https://
pubmed.ncbi.nlm.nih.gov/) and Google Scholar (https://
scholar.google.com/) for clinical data until February 2025.
Examples of key words used in the searches include B2ZMG,
or beta-2 microglobulin in addition to other key words
such as pregnancy, maternal, fetal, urine, urinary, and
amniotic. References within the individual search results
were also checked to identify any additional articles that
may have been missed in the initial search.

One of the initial selection criteria was to only include
studies carried out in the Caucasian population. Data from
individuals with diseases that are known to affect the B2ZMG
level were excluded. Where data were given in figures, they
were extracted using GetData Graph Digitizer V2.26.0.20
(http://getdata-graph-digitizer.com). Data were recorded
from different studies and converted to a standard unit of
mg/L, when reported in a different unit. If the gestational
ages or B2ZMG values of the studied individuals were given
as a range, the middle value was used in the analysis.
Finally, data analyses were performed using the Microsoft
Excel (https://office.microsoft.com/excel)

Data Analysis

From each individual study, mean and standard
deviation (SD) for BZMG in the amniotic fluid, in fetal urine
and fetal serum as well as in the maternal serum at the
different gestational ages in weeks (GW) were calculated.
The fetal age in weeks (FA) was calculated from the GW
(FA= GW-2). The weighted mean (u) from the different
studies was then calculated using Eq. 1.

211]
2]11

where n,is the number of observations in the j* study, X;is
the mean value from the j* study and N is the total number
of studies for the current fetal age. Weighted standard
deviation (0*) was calculated using Eq. 2.

N
o* = lej(x +0-) /4211, )
Z) 1

where n,is the number of observations in the jstudy; N
is the number of studies for the current fetal age; X; and o, is
the mean and standard deviation of the B2ZMG respectively
in the j* study, and u is the weighted average across all
N studies for the current fetal age (as given by Equation
1). To quantify the fit to data of the regression analyses,
a weighted mean squared error (MSE) was used, given by
Eq. 3.

(1)
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where W is the total number of sampling times for the
different fetal ages; n, is the total number of observations
across all studies in the i week; y,is the predicted B2MG
in the i week, and W, is the weighted mean of the B2MG
of all subjects in the i week across all studies. Weighted
regression analyses were carried out for potential
functions, namely Weibull and Gaussian functions. Each
function’s parameters were optimized using Microsoft
built-in Excel’s solver functionalities. The function with
lowest weighted mean squared error value was then
selected.

(3)

RESULTS

Maternal plasma BZMG: Maternal plasma B2MG levels
during pregnancy were retrieved from 11 studies (1240
observations) between 6 and 40 GWs as well as in non-
pregnant women (Table 1). Retrieved measurements from
these studies are given in Table S1 of the supplementary
materials. Pooling observed data indicated that maternal
B2MG level slightly decreased from the non-pregnant
value of 1.53+0.34 mg/L to 1.35+0.32 mg/L at 15 GWs,
then gradually increased to 1.40+0.33, 1.62+0.38, and
2.03+0.48 mg/L at 20, 30, and 40 GWs, respectively. These
observations were best described using equation 4 with a
constant coefficient of variation (CV) of 30% (Figure 1).

Maternal plasmaB2MG(mg/L)=
1.53%(1-0.0145* GW +0.0006 * GW?)

(4)

where GW represents the gestational week.

Fetal plasma B2MG: Fetal plasma B2MG levels

were retrieved from 10 studies (653 observations)
between 12 and 40 GWs (Table 1). Retrieved B2MG
concentrations in the fetal serum are given in Table S2
of the supplementary materials. Individual data were
available from five independent studies that allowed data
to be pooled together to derive the following equation
(Eg. 5) that can be used to predict fetal serum B2ZMG with a
constant CV of 30% (Figure 2a).

FetalplasmaB2MG(mg /L) =

1.954*(1+0.05484 * GW —0.000934 * GW?) ()

where GW is the gestational week. The adequacy of
the derived model can be observed in Figure 2b as the
summary data from different studies were well-overlayed
on the predicted profiles from the individual data.

Fetal urinary B2ZMG: Three studies provided data on
fetal urinary B2MG levels [16,17,22]. Because these data
show distinct trends and significant variability (Table 1
and Figure 3), when converted to a standard unit of mg/L
(1 umol/L = 11.8 mg/L), they were not fitted to any model.

Additionally, BZMG measurements in the first neonatal
urine collected within 4 - 6 hours after delivery of healthy
preterm and term neonates were reported in 4 studies
[14,18,23,24] were used as a proxy of fetal urinary levels and
were described using equation 6 with 30% CV (Figure 3).

FetalurinaryB2MG(mg /L) =
-15.577*(1-0.13*GW +0.0026 * GW?)

(6)

where GW represents the gestational week. Table S3 of
the supplementary materials provides retrieved B2MG
measurements in the fetal and neonatal urine at various
GWs.
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Figure 1 Maternal plasma B2MG level during pregnancy. Plot 1a shows combined data used to derive the relationship (model fit), while Plot 1b shows means and
standard deviations from each individual study (squares with error bars) overlaid on the predicted median and 5™ & 95 percentile intervals (solid and dashed lines).
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Table 1: Collected studies reported B2ZMG level during pregnancy*

Data available
Study Population details Assay Maternal Amniotic
Fetal serum Fetal urine .
serum fluid
825 healthy non-pregnant women at productive | Immunonephelometric assays Yes
Juraschek et al,, 2013 [19] age (20-39 years) (N=825)
Radioimmunoassay with Yes
Swanson et al., 1982 [41] | 21 healthy non-pregnant women aged 20 - 59 years Monoclonal Antibody (N=21)
Kristensen et al, 2007a | healthy women (398 pregnant (6 - 42 GWs) women Immunoturbidimetric Yes
[6] divided into 4 groups and 58 non-pregnant) (N=456)
Kristensen et al.,, 2007b 218 normal and 57 Pre-eclampsia pregnant Immunoturbidimetric assay Yes
[42] patients (25 - 41 GWs) (N=218)
. 167 blood samples from 152 normal pregnant . Yes
Bischof et al., 1984 [43] women (7 - 40 GWs) Radioimmunoassay (N=152)
Gulbis et al.,, 1996 [15] 37 healthy women with advanced maternal age Radioimmunoassay Yes Yes
) y g (N=50) (N=59)
. Pregnant women (11 - 16 GWs) opted for surgical . Yes Yes _
Jauniaux etal, 1998 [44] termination of pregnancy due to fetal polysomy. Radioimmunoassay (n=32) (n=13) Yes (N=32)
. Yes Yes
Nolte et al., 1991 [12] 133 pregnant women between 25 and 42 GWs Radioimmunoassay (N=133) (N=133)
Kristensen et al,, 2008 [9] | 27 heathy pregnant women at term (>= 37 weeks) | Immunoturbidimetric assa Yes Yes Yes
” v preg = Yo =27 (N=27) (N=27)
Total of 136 normal pregnant women
Maternal and amniotic samples obtained (13 - 42 Radioimmunoassay Yes _ Yes _
Jonasson etal, 1974 [24] GWs). Urine samples obtained from the first urine (N=73) Yes (N=17) (N=9) Yes (N=73)
of 9 normal neonates (39 - 43 GWs)
Cobet etal,, 1996 [20] Pregnant women (17 -37 GWs) Two-sue.mlcropartlcle enzyme Yes
immunoassay (n=123)
- Immunoturbidimetry Yes
Spaggiari et al,, 2017 [40] A total of 116 pregnancy (19 - 40 GWs) (n=116)
. ) Chemiluminescent Yes
Tassis et al,, 1997 [45] 53 normal pregnancies (18 - 38 GWs) immunometric assay (N=53)
Berry et al., 1995 [46] 64 healthy pregnant women (18 - 38 GWs) Radioimmunoassay (Nte;l_)
Bokenkamp et al,, 2001 Particle-enhanced Yes
[38] Pregnant women (19 - 36 GWs) immunoturbidimetry (N=
Pregnant women (22 - 40 GWs) Immunoturbidimetry Yes
Nguyen etal, 2013 [39] 36 fetal with postnatal normal renal function (N=136)
. Pregnant women (16 - 36 GWs) had spontaneous Radioactive single Yes
Cejkaetal, 1974 [11] or Cesarean abortions radialimmuno-diffusion (N=12)
Abdennadher et al., 2015 | Pregnant women (39 - 43 GWs). A total of 9 fetuses Immunoturbidimetry Yes (N=9)
[22] with normal renal structure appearance or function B
Muller et al,, 1996 [16] _Pregnant women (20 - 37 GWs). Fetuses (n:41_) Radioimmunoassay Yes (N=41)
with normal renal structure appearance or function
Spaggiari etal, 2018 [17] A total of 16 fetuses (19-35 GWs) with favourable Immunoturbidimetry Yes
outcomes. (N=16)
Urine samples were collected from the first urine
Burghard etal, 1987, of 31 healthy infants (28 - 38 GWs). Additional Enzyme immunoassay
Burghard et al.,, 1988 . K Yes (N=31)
data from pregnancies (16 - 27 GWs), without any
[14, 26] .
further details.
Takieddine etal., 1983 | Urine samples were collected from the first urine of Modified radial Yes
[18] 9 preterm and 16 full-term neonates (32 - 40 GWs) immunodiffusion method. (N=25)
Data from first postnatal urine of 28 normal Photo-densitometr Yes Yes
Cagdas et al., 2000 [23] neonates aged 26 - 40 GWs. Total of 69 amniotic Y (N=28) (N=69)
fluid samples from pregnant women (16 - 40 GWs) B
Hadnagy et al,, 1985 [47] Total of 85 normal pregnancy (16 - 42 GWs) Enzyme immunoassay (NY—eSS)
Immunoturbidimetric Yes
Mussap et al.,, 1996 [48] | total of 141 normal pregnant women (15 - 36 GWs) (N=141)
Burghard et al.,, 1987b Enzyme immunoassay Yes
[49] total of 171 normal pregnant women (16 - 38 GWs) (N=171)
Aydin etal, 2015 [50] | total of 97 normal pregnant women (15 - 20 GWs) Radioimmunoassay (NY_egsn
Puolakka et al., 1982 [51] | total of 58 normal pregnant women (32 - 42 GWs) Radioimmunoassay [NY_E;S)

*See the supplementary materials for more details on the collected values and retrieved observations with references.
Abbreviations: GW: Gestational Week.

J Pharmacol Clin Toxicol 13(1): 1190 (2025) 4/9



Abduljalil K (2025)

@SCiMedCentrai
8 1 ® 8 -
2a 2b
=
W6 - 6
E R e
5 -
2
o~
| 4 4 4 4
E
2
[T}
w
824 2
&
[ ]
0 - : : - : ‘ 0 . . ' . Y .
10 15 20 25 30 35 40 10 15 20 25 30 35 40
Gestational age (weeks) Gestational age (weeks)

Figure 2 Fetal serum B2MG level during pregnancy. Plot 2a shows individual data [20, 24, 38-40] used to derive the relationship during pregnancy, while Plot 2b
shows means and standard deviations from each individual study (squares with error bars) overlaid on the predicted median and 5™ & 95% predictive intervals (solid
and dashed lines).
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Figure 3 Urinary B2MG level during pregnancy. Plot 3a shows published individual [16], and reference [17,22], values in “normal” fetal urine. Plot 3b shows
published mean values in the first preterm and term neonate urine [18,26]. Plot 3¢ represents model fit for neonatal values in plot 3b. Plot 3d is the prediction space
for urinary B2MG assuming a 30% constant CV for the model fit in plot 3c. Different markers represent observations (bars represent observed variability), overlaid
on the predicted median and 5% & 95" percentile intervals (solid and dashed lines).
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Amniotic B2ZMG: Retrieved data on amniotic B2MG
levelsin normal pregnancies were available from 13 studies
(Table 4), and their detailed measurements are given in
Table S4 of the supplementary materials. The collected
data indicated that the mean amniotic B2MG concentration
increased during the first half of pregnancy from 1.46+0.42
mg/L at 10 GW reaching a peak of 9.28+2.65 mg/L at 23
GW then gradually decreased to 1.23+0.35 mg/L at term
(Figure 4). The changes in amniotic B2ZMG levels during
pregnancy were best described by a Weibull function with
30% CV (Eq. 7):

AmnioticB2MG(mg /L) =
(189.3*2.457)(GW - 7.06](“’571) A5 %
19.35 19.35

where GW represents the gestational week.

Predicted maternal, fetal and amniotic B2MG
concentrations during normal pregnancy using the derived
equations are given in Table 2.

Amniotic BZMG (mg/L)

5 10 15 20 5 30 35 40
Gestation age (weeks)

Figure 4 Amniotic fluid B2ZMG level during pregnancy. Circles represent
collected clinical data, error bars represent SD, solid and dashed lines represent
the predicted median and 5%-95% percentile intervals for the derived equation
assuming a constant CV of 30%.

DISCUSSION

Published measured B2MG concentrations during
pregnancy were compiled from various existing resources
resources to draw a conclusion on the maturation of fetal
renal active reabsorption processes. The work was carried
out to supplement previous analysis that describes the
maturation of the fetal passive glomerular filtration using
creatinine [25]. Combining available B2MG data from
various studies provides a better picture on the change of
this protein during pregnancy. In the light of the existing
data, maternal serum B2MG stays about the same as the
non-pregnant level until the end of the second trimester,
after which it modestly rises as the gestation progressess
reflecting the aforementioned decrease in GFR towards
term (Figure 1). Fetal serum B2MG level is higher than
maternal level and almost stable during healthy pregnancy
(Figure 2). Amniotic B2MG concentration does not mirror
B2MG changes in the maternal or fetal serum, rather than
showed unique bell-shaped pattern. It increases steadily
during the first half of pregnancy, reaching its peak
between 20 and 25 GWs, then declines again toward term
(Figure 4). Itis likely that the initial increase in the amniotic
B2MG reflects the normal fetal glomerulus development
(numbers and function) as well as the development of
the urination process, while the reduction in the second
half of pregnancy reflects mainly the maturation of B2ZMG
reabsorption and metabolism in the normal renal proximal
tubules [26,27].

An earlier work estimated that 25% of amniotic BZMG
atterm comes from fetal urine based on a turnover of B2ZMG
800-900 pg/day in amniotic fluid and an inflow of 200 ug/
day from fetal urine [24]. Because of the discrepancy in the
measured fetal urinary B2GM data (Figure 3) [16,17,22],
no attempts were made to fit them to any model. Instead,
measured B2MG from the first urine of preterm and

Table 2: Predicted B2MG values (mg/L) in maternal serum, fetal serum, fetal urine, and amniotic level at different gestational weeks.

10 GW 15 GW 20 GW 25 GW 30 GW 35 GW 40 GW
Medi 1.33 1.34 1.39 1.48 1.61 1.79 2.01
Maternal serum edian (0.92-1.91) (0.93-1.92) (0.96-1.99) (1.02-2.12) (1.12-2.31) (1.24-2.56) (1.39-2.88)
Mean#SD 1.35£0.32 1.35£0.32 1.40£0.33 1.49£0.35 1.6240.38 1.81£0.43 2.030.48
. 2.96 3.16 3.28 331 3.26 3.12
Median NA
Fetal serum (1.84-4.98) (1.96-5.33) (2.04-5.52) (2.06-5.58) (2.02-5.49) (1.94-5.25)
Mean#SD NA 3.09£0.95 3.3121.02 3.43£1.06 3.4621.07 3.4121.05 3.26£1.01
o Median 143 5.50 8.65 8.80 6.32 3.27 121
Amniotic (0.92-2.20) (3.55-8.45) (5.58 - 13.28) (5.67-13.51) (4.08-9.71) (2.11-5.02) (0.78-1.86)
Mean#SD 1.46£0.42 5.59£1.60 8.792.51 8.94£2.55 6.42+1.83 3.3240.95 1.23£0.35
_ 534 8.19 9.14 8.19 5.34 058
Median NA
Fetal urine** (3.32-8.99) (5.09-13.8) (5.68-15.4) (5.09-13.8) (3.32-8.99) (0.36-0.99)
Mean#SD NA 5.59+1.72 8.57+2.64 9.56£2.95 8.57+2.64 5.59+1.72 0.61£0.19

Values in brackets represent predicted 5" -95' percentiles, assuming a constant CV of 30% that reflects the observed variability in the measured B2ZMG. **obtained from the

derived equation for immediate neonatal urinary levels. Unit conversion factor (1 umol/L = 11.8 mg/L)
Abbreviations: B2MG: f2-microglobulin; GW: Gestational week; NA: not applicable.
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term neonates with normal renal function were collected
and analyzed assuming that these data reflect the fetal
renal function. Retrieved data [14,18,23,24] indicated a
continuous decrease of urinary B2ZMG in the second half
of pregnancy mimicking the amniotic B2MG trend. By the
10th GWs, fetal urine begins to enter the amniotic space,
and by the 20th GWs, fetal urine makes up roughly 90%
of the amniotic fluid (see [28] and references therein). A
previous analysis showed that the fetal urine production
rate increases steadily throughout the second half of
pregnancy [25]. The delayed maturation of tubular
reabsorption in contrast to glomerular function can
account for the difference between serum and urine levels.
The equilibrium between these two processes is thought
to occur at roughly 35 GWs [21].

The proximal tubule uptake for B2ZMG is believed to
be mediated by megalin, a multiligand endocytic receptor
that is expressed on the apical membrane of proximal
tubules [27,29,30]. The aberrant shedding of this protein,
as in diabetes type 1 patients, increases the urinary
concentration of megalin-ligands, including B2MG [29,30].
Low expression of renal membrane-bound megalin in
preterm neonates resulted in an increase in megalin-
ligands in urine [31]. Once B2ZMG is reabsorbed from the
renal tubule lumen via megalin-mediated endocytosis
pathway [27,32], it undergoes endocytic internalization
and degradation within the renal proximal tubules [1,2].
The pharmacological and toxicological clinical relevance
of understanding this process has been demonstrated
when tubular cell injury was significantly attenuated after
blocking the megalin function [32]. Similarly, the renal
accumulation and toxicity of gentamicin was prevented
prevented by megalin downregulators or legends, such
as cytochrome c, an aminoglycoside binding receptor
antagonist [33]. Understanding the maturation of this
endocytic pathway will help to avoid any potential
nephrotoxic effect of chemicals on the maternal and fetal
kidney. It can also explain any observed teratogenicity to
the fetal kidney upon inevitable or unintended maternal
exposure to such molecules. The growing kidney ofthe fetus
is more vulnerable to renal toxicity, teratogenicity, or even
disruption of normal development caused by xenobiotics,
which can have postnatal health consequences, such as
hypertension [34]. Since megalin is known to be expressed
in cytotrophoblasts, the highly proliferative cells in the
placenta [35], understanding the magaline-mediated
uptake mechanism can help to prevent and avoid any
possible adverse effects to the placenta. To achieve these
goals, the expression of B2MG in the placenta and renal
tubules at different gestation weeks must be quantified.

Description of the normal level of B2MG is useful to
describe the impact of renal disorders. Different renal

During normal fetal development

= T glomerulus number and filtration

» 7 renal megalin expression

» tissue B2MG synthesis

s T renal B2MG reabsorption and degradation

B2MG
passive
filtration

Impact of nephron diseases
Tubular dysfunction
= | megalin expression
= | B2MG reabsorption
= urinary B2MG level
*  Serum B2MG depend on glomerulus function

Megalin
mediated B2MG
reabsorption

Glomerular dysfunction

= | glomerular filtration

= T Serum B2MG level

*  Urinary B2MG depends on megalin expression

I

urine

Normal nephron

Figure 5 Example of pathophysiological changes that can affect fetal B2MG
level.

dysfunctions can affect the level of B2ZMG in different
ways. For example, elevated fetal serum levels can indicate
dysfunction of the glomerulus filtration, while increasing
urinary (and amniotic) B2MG levels is a sign of reduction
in the renal tubular reabsorption (Figure 5).

It should be noted that, during this analysis, different
limitations were encountered. Available urinary B2MG
data were of low quality with limited observations at
different weeks of pregnancy. Further studies are required
for better characterization of urinary BZMG maturation
in utero. Longitudinal data were limited, and hence cross-
sectional studies were integrated at different gestational
weeks to derive longitudinal functions and embark on
overall conclusions. Longitudinal quantification of the
impact of different fetal disorders that affect the formation
and disposition of B2ZMG as well as the dynamics of the
amniotic fluid are required for better understanding
the kinetics of B2ZMG and its diagnostic value for the
assessment of disturbed fetal kidney function. Different
studies reported their results in different statistical terms
and units. This required additional data preparation steps
to bring them to a standard format before the analysis
step. Individuals’ data were not reported across the
different studies to enable quantification of the influencing
(maternal and fetal) covariates and how their impact is
affected by the presence of co-morbidity. Despite these
limitations, functions have been derived to describe
changes in B2ZMG during human pregnancy. Integrating
this knowledge within physiologically based feto-maternal
quantitative system pharmacology platforms [36-40], can
help in assessing scenarios that are otherwise difficult
or impossible to investigate due to ethical and clinical
constraints.

CONCLUSION

Maternal, fetal and amniotic fetal B2ZMG levels during
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normal pregnancy have been described mathematically
based on the available data. These algorithms can be used
to predict the level of BZMG at any gestational age and
serve normative references. They can be integrated within
quantitative pharmacology platforms to understand the
impact of comorbidity and other fetal and maternal factors
aswell as in designing future clinical studies. Future work s
required to understand the molecular mechanism of renal
reabsorption maturation for prevention of nephrotoxicity
in the developing kidney of the fetus as well as in the
maternal kidney.
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