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INTRODUCTION

ALP is an endogenous enzyme that is expressed in bone 

and physiological barrier tissues such as the intestinal 

tract and kidney tubules 

The main function of all ALP iso-enzymes is the 

dephosphorylation of other proteins, which alters the 

function of these proteins
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INTRODUCTION

 Four ALP isozymes

 Tissue-nonspecific ALP (TNALP            liver/bone/kidney ALP), 

 Intestinal ALP (IALP) 

 Placental ALP (PALP)

 Germ cell ALP (GCALP            placental-like ALP). 
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TNALP

 Tissue non-specific ALP (TNALP) is expressed in bone, liver and 

kidney tissue and makes up practically all circulating ALP

 Normal TNALP function is essential for bone mineralization, 

however, it also contributes to vascular calcification and possibly to 

the genesis of Alzheimer’s disease 

 Administration of exogenous TNALP has been approved for the 

treatment of bone demineralization in severe hypophosphatasia
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TNALP

 ALP has been suggested as a targetable promotor of organ fibrosis. 

 Cardiac TNALP is highly upregulated after a myocardial infarction 

and is associated with increased myocardial fibrosis . 

 Inhibition of ALP can effectively attenuate the myocardial fibrosis 

induced by myocardial infarction
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PALP 

 During pregnancy, circulating  PALP  activity increases several 

fold and play a role in maternal to fetal nutrient transport and 

may be protective against offspring obesity 

 Germ cell ALP’s functional role is still unclear, circulating germ 

cell ALP is thought to be an early tumor marker for seminomas
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IALP

 About the establishment of the intestinal flora in early childhood, 

there is an increase in the IALP activity during this time 

 It is essential to know that IALP also makes part of the gut 

microbiota modulation since the born

 A study using an IALP knockout model in SpragueDawley pups 

increased dysbiosis with bacterial translocation, and inflammation 

was reported 
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IALP

 IALP plays a vital role in the intestinal barrier function, affect 

bicarbonate secretion, duodenal surface pH, nutrient resorption, 

local intestinal inflammation, and gut microbiota

 Disturbances of IALP functions are associated with persistent 

inflammatory diseases associated with aging , IBD, type 2 DM, 

obesity, metabolic syndrome, and CKD
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IALP

 IALP decreased total body weight, serum lipids, glucose levels, and 

liver lipids, and changed the composition of gut microbiota. 

 Oral supplementation of IALP in aging mice regulates the 

intestinal barrier function, microbial homeostasis, decrease age-

related intestinal permeability and systemic inflammation, 

potentially leading to less fragility and prevention of chronic age-

related diseases
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IALP

 IALP plays a role in maintaining gut homeostasis by regulating 

gut microbiome tolerance and lipid absorption 

 Because of extensive evidence for its role in the immune response 

to pathogens in the gut and its superior enzymatic activity, it has 

been proposed that IALP can be used as a treatment for 

inflammatory disorders ,ulcerative colitis  and AKI 

 It is available as a bovine-sourced preparation (bIALP) and in a 

human recombinant form (recALP)
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HYPOTHES

 It has been hypothesized that supplementation of ALP can alter 

certain aspects of the host-response to pathogens and injury 

 To understand how this could be used to treat AKI, we must 

understand the physiologic functions of ALP, its interaction with 

the host-response and the role of the host response in AKI 

pathophysiology

1
2

/3
/2

0
2
4

13

A
lk

a
lin

e
 p

h
o
sp

h
a

ta
se

 tre
a

tm
e
n

t o
f a

cu
te

 

k
id

n
e
y

in
ju

ry
—

a
n

 u
p

d
a

te



THE HOST-RESPONSE

 The kidney injury–inducing host-response is mediated by 

signalling molecules that are known as pathogen- and damage-

associated molecular patterns (PAMPs and DAMPs )

 PAMPs and DAMPs induce kidney damage by activation of toll like 

receptors (TLRs) and purinergic or pyrimidinergic receptors. 

 In rodent models of sepsis and kidney IRI, inhibition of either 

TLR4 or the purinergic P2X7 receptor protects against AKI
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PAMPS

 PAMPs are exogenous or endogenous microorganism-derived 

molecules, such as lipopolysaccharides (a toxic constituent of 

Gram-negative bacteria). 

 External PAMPs can enter the body through a primary infectious 

site, whereas endogenous PAMPs enter through the intestinal 

barrier. 

 Intestinal ischaemia can arise due to diseases such as sepsis or due 

to surgery and vasopressive therapy 
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DAMPS

 DAMPs are molecules produced by the body itself and are either 

actively released in response to distress or passively leak from 

dead or damaged cells
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PAMPS AND AKI:

 TLRs are trans membrane glycoproteins that can recognize both 

PAMPs and DAMPs and induce both the innate and adaptive 

immune system 

 There are 10 subtypes of TLRs in humans, of which TLR4 has been 

studied most extensively with respect to AKI pathophysiology 

 ALP does not inhibit TLRs directly, but it has been hypothesized 

that ALP can prevent activation by the dephosphorylation of TLR 

ligands
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PAMPS AND AKI

 The potency of LPS as a TLR4 agonist is determined by a structure 

inside the LPS molecule called the lipid A subunit 

 This lipid A subunit contains two phosphate groups that are vital 

to its activation but not its binding to TLR4 

 Therefore, once the lipid A subunit is dephosphorylated, LPS 

works as a TLR antagonist
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DAMPS AND AKI

 Infectious stimuli epithelial and endothelial cells, immune cells 

and platelets release signalling molecules in the form of 

extracellular nucleotides and nucleosides (DAMPs). 

 A nucleotide is a phosphorylated nucleoside containing up to three 

phosphate groups, and nucleosides derive from the building blocks 

of DNA. 

 They are released from cells either passively (due to cell damage), 

through active transport molecules like pannexin and connexin or 

are formed from other extracellular nucleotides
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DAMPS

 ALP can generate nucleosides from nucleotides by 

dephosphorylation, and these nucleosides exert completely 

different effects on receptor cells than their nucleotide 

counterparts. 

 Their nucleotide forms are (AMP), (ADP)(ATP) (UDP) and (UTP). 
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ADENOSINE

 Adenosine has an inhibitory effect on platelets, reduces 

inflammation, induces repair of endothelial cells and protects 

against extravasation of fluids during ischaemia

 It also activates the tubuloglomerular feedback system

 During IRI in kidney transplantation, activation of regulatory T 

cells by adenosine potentially results in reduced acute and chronic 

rejection 

 In vitro experiments show that exogenous ALP can also remove all 

phosphate groups from ATP and ADP to produce adenosine
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PURINES

 At physiologic levels, extracellular ATP stimulates P2X and P2Y 

receptors, which are vital to normal T cell function. 

 At high levels, it activates the P2X7 receptor, which causes tissue 

damage by pro-inflammatory macrophage polarization and 

activation of proinflammatory T-helper cells
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PLATELET ACTIVATION

 ALP renoprotection is not dependent on a single mechanism of 

action or on a single adenosine receptor. 

 ALP administration also reduces platelet activation by reducing 

extracellular levels of ADP and increasing adenosine levels.

 Platelets are an important part of the host-response and 

hyperactive platelets cause inflammation and endothelial damage
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PYRIMIDINES

 The pyrimidinergic nucleotides UTP and UDP exert 

proinflammatory effects, mainly through P2Y receptors. 

 Although no specific receptor has yet been identified for uridine
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ALP AND TIGHT JUNCTIONS IN AKI

 ALP is essential to the structural integrity of border tissues (such 

as endothelium and the tubular epithelium) because of its close 

relationship with tight junctions (TJs). 

 TJ proteins (TJPs) are vital to both endothelial and epithelial 

barrier function and the preservation of TJP function can protect 

kidney function against IRI in vivo. 
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ALP AND TIGHT JUNCTIONS IN AKI

 ALP can prevent leakage of endotoxins into the circulation and 

prevent them from activating TLRs 

 In the kidney, ALP is expressed in both the proximal and distal 

tubules

 Supplemented exogenous ALP protects the activity of ALP that is 

already present in the body

1
2

/3
/2

0
2
4

28

A
lk

a
lin

e
 p

h
o
sp

h
a

ta
se

 tre
a

tm
e
n

t o
f a

cu
te

 

k
id

n
e
y

in
ju

ry
—

a
n

 u
p

d
a

te



1
2

/3
/2

0
2
4

29

A
lk

a
lin

e
 p

h
o
sp

h
a

ta
se

 tre
a

tm
e
n

t o
f a

cu
te

 

k
id

n
e
y

in
ju

ry
—

a
n

 u
p

d
a

te



SOME STUDIES

 Chen et al, demonstrated that cell-bound ALP limits inflammation 

induced by live bacteria, but exogenous ALP does not. 

 This stresses the importance of endogenous ALP protection by ALP 

supplementation.
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SOME STUDIES

 In 2019, Davidson et al demonstrated in a piglet model of 

cardiopulmonary bypass with circulatory arrest that infusion of 

exogenous ALP protected kidney tissue ALP activity and was 

associated with a lower incidence of AKI. 

 Thus supplementation with exogenous ALP preserves tissue ALP 

and protects brush border barrier function by preservation of TJP 

expression and localization 
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CLINICAL EVIDENCE

 Of the five studies that reported on renal outcomes, four were 

conducted in patients with Gram-negative sepsis in an intensive 

care unit setting and one in kidney transplantation.

 The first sepsis study, which was conducted in 2009 with 36 

patients (15 patients had AKI), showed reduced renal oxidative 

stress markers and improved creatinine clearance in the ALP-

treated patients with AKI compared with patients with AKI 

treated with placebo  

 These results prompted a follow-up study with 36 patients (all of 

whom had SA-AKI), which showed a significantly stronger 

recovery of endogenous creatinine clearance (ECC) in the ALP-

treated group compared with placebo
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CLINICAL EVIDENCE

 In the second follow-up study, conducted in 227 patients with SA-

AKI, ECC recovery in the first 7 days of AKI was not stronger in 

the ALP group. 

 However, from day 0 to 28, this recovery was stronger and 28- and 

90-day mortality were significantly lower in the ALP group [52].

 A larger follow-up trial has since been conducted to confirm the 

reduced mortality rate at day 28. 

 However, a significant reduction in the need for dialysis in the 

ALP-treated group was described by the researchers
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THE ROLE OF ALP/BALP IN INFLAMMATION, 

METABOLIC SYNDROME, AND PROTEINURIA

 Concerning the regulation of the immune and inflammatory 

response, TNALP is found in neutrophils, macrophages, and some 

lymphocytes. 

 It has been demonstrated that IL-1β and bacterial endotoxins 

increase the circulating ALP activity, producing a protective effect 

against bacterial cytotoxins . 

 CRP could suppress ALP and bone mineralization 
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THE ROLE OF ALP/BALP IN INFLAMMATION, 

METABOLIC SYNDROME, AND PROTEINURIA

 Kaliannan et al. showed that IALP knockout mice had a greater 

risk of developing metabolic syndrome; moreover, the increase of 

IALP (endogenous or supplementing it orally) can prevent and 

reverse metabolic syndrome.

 In a case-control study, compared IALP levels in the stools of 202 

patients with type 2 diabetes and 445 healthy controls. Patients 

with type 2 diabetes had significantly lower IALP levels in their 

stool (approximately 48%) and obese patients with high IALP 

values did not develop diabetes. 

 These findings suggest that the action of this enzyme could be 

protective against type 2 diabetes, and that a 50% loss of IALP 

activity could be predictive for the development of the disease
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THE ROLE OF ALP/BALP IN INFLAMMATION, 

METABOLIC SYNDROME, AND PROTEINURIA

 Bulum et al. investigated patients with type 1 diabetes and found 
that serum ALP was associated with glomerular hyperfiltration, 
proteinuria and progression of CKD in the early stages of diabetic 
nephropathy

 In a retrospective study on 299 patients with histologically 
diagnosed diabetic nephropathy, Zhao et al , demonstrating that 
ALP is negatively associated with eGFR and positively associated 
with proteinuria

 In fact, patients who had ALP values greater than 97 U/L showed 
a 138% greater risk of developing ESRD or a 50% reduction in 
eGFR. 

 Patients with nephrotic syndrome had a poor outcome, i.e., 72% 
experienced a decrease in renal function
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THE ROLE OF ALP/BALP IN INFLAMMATION, 

METABOLIC SYNDROME, AND PROTEINURIA

 Circulating ALP was, shown to be independently associated with 

worse renal outcome. 

 The levels of interstitial fibrosis and tubular degeneration were 

worse in patients with elevated ALP.

 In the kidneys, ALP is expressed on the brush border membranes 

of proximal tubular cells . 

 ALP is also expressed, in physiological conditions, on the 

endothelial, mesangial, and epithelial cells of Bowman’s capsule, 

and this could also increase the urinary excretion of ALP in 

hyperfiltration
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ALP AND MORTALITY

 Elevated ALP levels increased the risk of all-cause mortality, 

 High levels of ALP are associated with various conditions that can 

increase mortality, such as inflammation, vascular calcification, 

and CVD
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ALP AND MORTALITY

 The association between high levels of ALP, hospitalization, and all 

causes of mortality was studied in HD patients and in patients 

with earlier stages of CKD

 Elevated BALP levels were associated with increased mortality 

even in the long term (4 years)
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DIALYSIS MODALITY ON THE ASSOCIATION OF ALP WITH

MORTALITY

 PD patients had an increased mortality risk only when ALP was greater 

than 150 U/L. 

 Combination of high ALP and low PTH values is independently 

associated with increased cardiovascular and all-cause mortality 

 Similar findings were found by Drechsler et al., who demonstrated that 

hemodialysis patients with high BALP and low PTH had a 2.8-fold 

increased risk of death within 6 months . 

 These findings may suggest that ALP is a better marker than PTH for 

predicting mortality and CVD. 
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ALP AFTER KIDNEY TRANSPLANTATION

 In kidney transplant recipients, pre-transplant ALP levels were 

predictive of post-transplant mortality; patients with high levels of 

ALP had a 64% risk of mortality and loss of the graft 
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THE ASSOCIATION BETWEEN ALP, BONE TURNOVER, 

AND FRACTURE RISK

 Although levels of PTH and BALP tend to be lower in low-turnover 

bone disease and higher in high-turnover bone disease, BALP is 

considered to better reflect bone turnover

 Increased serum PTH levels with low BALP may reflect different 

degrees of the multifactorial skeletal resistance to PTH, just as the 

presence of aluminum overload, osteomalacia, Paget’s disease, or 

lytic bone lesions should be excluded 
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INTESTINAL ALP IN CKD

 Reduced luminal IALP can lead to an imbalance in intestinal 

functions and gut dysbiosis, with a consequent increase in the risk 

of developing intestinal inflammation and gut permeability in CKD 
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