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Background. Acute Intermittent Porphyria (AIP) is a rare inherited autosomal dominant disorder of heme biosynthesis. Porphyria-associated kidney disease occurs in more than 50% of the patients with AIP, and end stage renal disease (ESRD) can be a devastating complication for AIP patients. The outcomes of AIP patients after kidney transplantation are poorly known.

Methods. We examined the outcomes of 11 individuals with AIP, identified as kidney transplant recipients in the French Porphyria Center Registry.

Results

. AIP had been diagnosed on average 19 years before the diagnosis of ESRD except for one patient in whom the diagnosis of AIP had been made 5 years after the initiation of dialysis. Median follow-up after transplantation was 9 years. A patient died 2 months after transplantation from a cardiac arrest and a patient who received a donation after cardiac death experienced a primary non-function. No rejection episode and no noticeable adverse event occurred after transplantation. Serum creatinine was on average 117 µmol/l, and proteinuria <0.5 g/l in all patients at last follow up. All usually prescribed drugs after transplantation are authorized except for trimethoprim/sulfamethoxazole. Critically, acute porphyria attacks almost disappeared after kidney transplantation, and skin lesions resolved in all patients. Conclusion. Kidney transplantation is the treatment of choice for AIP patients with ESRD and dramatically reduces the disease activity.

Introduction

Porphyria encompasses a group of eight metabolic disorders of the heme biosynthesis pathway [1,2]. Acute Intermittent Porphyria (AIP) is an inherited autosomal dominant disorder due to a defect in hydroxymethylbilane synthase (HMBS) [1,[START_REF] Siegesmund | The acute hepatic porphyrias: current status and future challenges Best[END_REF], the third enzyme of the biosynthetic pathway that catalyzes porphobilinogen (PBG) polymerization into hydroxymethylbilane (Figure 1). The estimated prevalence of a symptomatic disease in the Caucasian population is ~1/180 000, and the estimated frequency of clinical pathogenic variants is ~1/1750 [START_REF] Chen | Acute Intermittent Porphyria: Predicted Pathogenicity of HMBS Variants Indicates Extremely Low Penetrance of the Autosomal Dominant Disease[END_REF][START_REF] Nordmann | Acute intermittent porphyria: prevalence of mutations in the porphobilinogen deaminase gene in blood donors in France[END_REF]. As AIP is a monogenic disorder, this extremely low penetrance (~1%) suggests a critical role for modifying factors (genetic and/or environmental) in predisposing to symptoms, but also a possible underreporting of the cases due to misdiagnosis. Indeed, AIP is a relatively unknown disease for many physicians. AIP is characterized by the occurrence of acute neurovisceral attacks (abdominal pain, nausea, vomiting, constipation, neurologic or psychiatric symptoms) accompanied by the excretion of large amounts of the porphyrin precursors delta aminolevulinic acid (ALA) and PBG in urine.

Whereas the vast majority of AIP patients will experience a limited number of attacks over a lifetime, 3-5% of patients with AIP will have recurrent acute attacks, which can lead to a debilitating medical condition [START_REF] Elder | The incidence of inherited porphyrias in Europe[END_REF].

ALA is a highly hydrophilic molecule that can cross blood barriers, and is freely excreted in the urine. As a potent vasoconstrictor, ALA promotes ischemia and injury in target organs, and, as such, is considered to be directly responsible for the symptoms of AIP [START_REF] Laafi | Pro-oxidant effect of ALA is implicated in mitochondrial dysfunction of HepG2 cells[END_REF]. In the liver and kidneys, ALA is produced by ALA synthase 1 (ALAS1), an isoform under the negative control of heme [START_REF] Manceau | Acute hepatic and erythropoietic porphyrias: from ALA synthases 1 and 2 to new molecular bases and treatments[END_REF] (Figure 1). The capacity of a drug or a clinical situation to precipitate acute porphyric attacks, i.e. the "porphyrogenicity", will depend on its ability to inhibit ALAS1 physiological feedback-control via reduction of the regulatory heme pool within the hepatocyte, for example in inducing P450 cytochromes expression or degradation. Thus, ALAS1 overexpression is a feature of AIP attacks, leading to an increased synthesis of ALA and PBG, and to their systemic accumulation since deficient HMBS cannot fully metabolize PBG into porphyrins.

Porphyrin precursors have a deleterious effect on the kidney. Porphyria-associated kidney disease (PAKD) occurs in more than 50% of the patients with symptomatic AIP. Supporting this, the specific role of ALA and PBG in the chronic renal structural deterioration that accompanies AIP has recently been demonstrated [START_REF] Pallet | High prevalence of and potential mechanisms for chronic kidney disease in patients with acute intermittent porphyria[END_REF]. Two types of renal lesions characterize PAKD: tubular atrophy and interstitial fibrosis associated with non-specific arteriosclerosis, and less frequently, chronic fibrous intimal hyperplasia associated with focal cortical atrophy is observed in the most severe cases [START_REF] Pallet | High prevalence of and potential mechanisms for chronic kidney disease in patients with acute intermittent porphyria[END_REF]. PAKD is not a severe disease in most of the cases, and only a small proportion of patients apparently reach end stage renal disease (ESRD). However, ESRD is a detrimental condition for AIP patients [START_REF] Sardh | Porphyrin precursors and porphyrins in three patients with acute intermittent porphyria and end-stage renal disease under different therapy regimes[END_REF], and kidney transplantation (KTx) can be considered as a therapeutic option. Indeed, case reports suggest that KTx in AIP patients may have a favorable outcome [START_REF] Nunez | Renal transplantation for chronic renal failure in acute porphyria[END_REF][START_REF] Barone | The tolerability of newer immunosuppressive medications in a patient with acute intermittent porphyria[END_REF][START_REF] El-Haggan | Sirolimus tolerability in a kidney transplant recipient with acute intermittent porphyria[END_REF]. However, critical issues remain unresolved, including the role of the KTx in the activity of the heme biosynthetic pathway, the changes in disease activity after KTx, and the tolerability of several of the medications prescribed to kidney transplant recipients (KTR). To address these issues, we undertook this study to examine the long-term clinical outcomes of a cohort of KTR with AIP in France.

Patients and methods

Study population

The French Porphyria Center (http://www.porphyrie.net/) centralizes clinical, genetic and biological information from all AIP patients in France in relationship with caregivers and self reports. For the purpose of this study, a detailed analysis was completed on the subset of patients who developed ESRD and underwent KTx. The data collection period for the number of acute attacks was isometric, that is, centered on the date of the KTx, with same time periods before and after KTx, and dependent on the length of follow-up after KTx.

The institutional review board of Louis Mourier Hospital approved the study, written informed consent was obtained from all patients referenced in the database, and the database has been deposited to the Commission Nationale Informatique et Libertés (CNIL agreement number 1187326).

AIP diagnosis

The criteria for AIP diagnosis followed the European Porphyria Network guidelines [1,[START_REF] Tollanes | Establishing a network of specialist Porphyria centres -effects on diagnostic activities and services Orphanet[END_REF].

AIP diagnosis was performed in the French Porphyria Center. Two "AIP status" have been considered. i. The "AIP patient" status is defined by the association of at least one acute porphyric attack (occurrence of abdominal pain, nausea, vomiting, constipation, neurologic or psychiatric symptoms) with a typical porphyrin precursors excretion profile urines. The diagnosis is confirmed by a 50% decrease in HMBS activity in erythrocytes and/or by the identification of a causative mutation in HMBS gene by direct sequencing as previously described [START_REF] Puy | Molecular epidemiology and diagnosis of PBG deaminase gene defects in acute intermittent porphyria[END_REF]; ii. The "asymptomatic carrier" status is defined after a family screening to identify those with asymptomatic (or latent) disease and is based on a deficient HMBS enzymatic activity complemented with a DNA analysis by direct sequencing to identify the causative mutation in the HMBS gene (which requires prior identification of the mutation in a related affected family member).

Clinical chemistry

Urinary ALA and PBG were measured using the Bio-Rad ALA/PBG column kit, according to the manufacturer's protocol and the values were reported to creatinine concentration in urine. Plasma ALA and PBG were measured by Ultra High Pressure chromatography (Inversed phase chromatography) coupled with a Tandem Mass spectrometer, after protein precipitation and derivatization.

Plasma porphyrins were measured, as already described [START_REF] Elder | Laboratory investigation of the porphyrias[END_REF]. Briefly, the plasma in phosphate buffer was compared with a uroporphyrin standard by scanning the fluorescence emission signal from 570 to 750 nm (excitation at 405 nm). Plasma porphyrins were separated by normal-phase high-performance liquid chromatography (HPLC) with fluorimetric detection.

Results

AIP and kidney disease histories

As of March 2020, 1889 individuals (alive or dead, 626 AIP patients and 1263 asymptomatic carriers) were listed in the French Porphyria Center registry. Eleven individuals (10 AIP patients and 1 asymptomatic carrier) were identified as KTR. Baseline clinical characteristics of the KTRs are shown in the Table 1 and the list of HMBS allelic variants is detailed in the Table S1. These patients except the asymptomatic carrier experienced a median value of 4 attacks in their life before KTx (range 2-28), and 3 of them required heme-arginate maintenance therapy.

The etiology of kidney disease attributed at the time of ESRD diagnosis was: "unknown cause" in 3 cases, "AIP" in 3 cases, "chronic tubulointerstitial kidney disease" in 2 cases, and "nephroangiosclerosis" in 2 cases (Table 1). The asymptomatic carrier had a malformative uropathy (therefore a kidney disease unrelated to AIP). Familial cases of chronic kidney disease or ESRD have been identified in 3 KTRs. All patients were hypertensive. Six dialyzed patients (out of 8 under dialysis, 75%), developed visible light-exposed site bullae and skin fragility similar to as to those that occur during acquired porphyria cutanea tarda (PCT).

Kidney transplantation outcomes

These patients were transplanted between 2001 and 2017 and were followed in diverse transplant centers throughout France. Median age at KTx was 57 years (range 38-71 years), and all but 2 patients were female (Table 2). Three patients received a kidney transplant preemptively, and the rest of the group underwent dialysis therapy for a median period of time of 2 years before transplantation (range 0-7), including 2 patients undergoing peritoneal dialysis. One patient received a living donor KTx, and one patient received a donation after cardiac death (DCD). All patients were followed for at least 5 years (median 9 years, range 0-15 years) after KTx except for the DCD patient who was transplanted in 2017, and a patient who died 2 months after KTx from cardiac arrest. No rejection episode was reported. No graft loss was noticed. At the last follow-up, median serum creatinine 117 113 µmol/l (range 73-196 µmol/l), and proteinuria was <0.5 g/l in all patients. Histology was unavailable for the great majority of kidney allografts.

In terms of infectious complications, 1 patient had recurrent urinary tract infections (treated with either cephalosporins or fluoroquinolones), 1 patient contracted hepatitis E virus (which was cured by ribavirin), another a CMV viremia, which resolved with valganciclovir. One patient had a nephrectomy for kidney cancer on a native kidney. One patient completed pregnancy without complication.

Most drugs usually are considered safe in patients with AIP (http://www.drugsporphyria.org/; https://porphyriafoundation.org/) with the exception of trimethoprim/sulfamethoxazole, which is porphyrinogenic, and therefore not recommended (Table 3). Atovaquone or aerosolized pentamidine were was prescribed in all patients except 2, who received trimethoprim/sulfamethoxazole to treat a pneumonia caused by Pneumocystis jiroveci and for the primary prevention of pneumocystosis, without noticeable side effect.

AIP clinical activity after KTx

Skin lesions suggestive of PCT that had occurred in 6 AIP dialyzed patients (out of 8)

disappeared after KTx (Table 1), with melanodermia as a sequel. Since the accumulation of porphyrins may cause skin lesion in ESRD patients with AIP, we explored the plasma porphyrin profile of these patients.

First, plasma total porphyrins could be measured before and after transplantation in the patient who received a kidney from controlled DCD. Primary non-function occurred after the KTx with the DCD kidney, and the patient received a second kidney transplant 18 months after the first KTx. Before the first KTx, the patient was on dialysis, and total plasma porphyrins levels remained steadily 20 times above the normal values (Figure 2A). After the first KTx, and despite the absence of renal function, total plasma porphyrins levels decreased and stabilized at a level less than 10 times the normal value. After the second KTx, renal function normalized, and plasma porphyrins reached near normal values (Figure 2A).

Before KTx, the porphyrins profile of this patient was mostly made of uroporphyrin (> 90%), whereas in PCT, both uroporphyrin and heptacarboxylporphyrin predominate due to a reduction of uroporphyrin decarboxylase activity (Table 4 and Figure 1). In AIP patients with ESRD, uroporphyrin accumulation (mostly the isomer I, Table S2) derives from the non-enzymatic polymerization and cyclisation of four molecules of PBG (Figure 1).

Uroporphyrins promote lesions in regions of the skin exposed to the sun.

Consistent with the observation we made of the DCD KTR that plasma porphyrins concentrations decrease after KTx, the plasma porphyrin levels dramatically dropped after transplantation in 6 other KTRs in whom it was possible to perform the measurement (Figure 2B).

Acute attacks also almost disappeared after KTx. The occurrence of reported acute porphyria attacks before KTx ranged between 0.21/year and 5/year (median 0.29/year). After KTx, only 4 patients experienced 1 acute attack, and the rest of the cohort, none (Table 2 and Figure 3). 2B).

We also measured urinary ALA and PBG in a systematic way before and after transplantation in the patient who received a kidney from controlled DCD. However, the ALA and PBG urinary excretion profile is more complicated to interpret because the DCD KTx was oliguric for years before the second KTx, and measurement of urine ALA and PBG may be unreliable, and the urinary concentrations of ALA and PBG may not be a good indicator of disease activity. That being said, the excretion of urinary PBG and ALA remained above normal values before and after the successful KTx: mean urinary PBG 26.2±5.9 µmol/mmol creatinine (N<1 µmol/mmol creatinine) before the second KTx, and 14.3±3.9 µmol/mmol creatinine after the second KTx; mean urinary ALA 5.2±1.9 µmol/mmol creatinine (N<3 µmol/mmol creatinine) before the second KTx, and 7.1±4.8 µmol/mmol creatinine after the second KTx, indicating that precursors are still produced by the liver after KTx, and that transplantation of a heme-producing organ does not compensate the enzymatic deficit activity of the liver. However, when renal function returned to normal after the second KTx, the PBG/ALA ratio has significantly decreased (Figure 4): the mean PBG/ALA ratio (normal value<0.3) was 5.1±2 before the second KTx and 1.6±0.2 after the second KTx. These results are consistent with previous findings [START_REF] Sardh | Porphyrin precursors and porphyrins in three patients with acute intermittent porphyria and end-stage renal disease under different therapy regimes[END_REF], and our own experience (Figure S1),

indicating that an increase of the urinary PBG/ALA ratio is associated with the decline of renal function in AIP patients.

Discussion

We provide evidence that KTx is the treatment of choice of AIP patients with ESRD. Even if the number of KTx patients in this cohort is small (AIP is a rare disease, and AIP patients rarely reach ESRD), we report the largest experience to date, and our data indicate that the post-transplantation history is simple without noticeable complication.

A major finding of our study is that KTx considerably decreases AIP activity. The most likely mechanistic hypothesis is that porphyrin precursors (ALA and PBG), which are responsible for the symptoms of acute porphyria, accumulate in parallel to the progression of renal failure. In turn, renal function improvement after KTx fosters precursors clearance and alleviates AIP symptoms. Supporting this notion, plasma measurements of ALA and PBG before dialysis sessions usually show a dramatic increase of precursors concentrations, especially PBG [START_REF] Sardh | Porphyrin precursors and porphyrins in three patients with acute intermittent porphyria and end-stage renal disease under different therapy regimes[END_REF], and PBG and ALA are readily filtrated by dialysis membranes and concentrations decrease in plasma after dialysis session to about 70% of the value before dialysis; dialysis has even been proposed for the treatment of attacks when heme-arginate is not available [START_REF] Sardh | Porphyrin precursors and porphyrins in three patients with acute intermittent porphyria and end-stage renal disease under different therapy regimes[END_REF][START_REF] Miyagi | The serum porphobilinogen and hepatic porphobilinogen deaminase in normal and porphyric individuals[END_REF][START_REF] Prabahar | Hemodialysis: a therapeutic option for severe attacks of acute intermittent porphyria in developing countries[END_REF]. Thus, the increased clearance of precursors after KTx is certainly responsible for the improvement of the symptoms of AIP. In addition, ALA, which is freely filtered by the kidneys, is reabsorbed in the proximal tubule by the human peptide transporter SLC15A2 [START_REF] Tchernitchko | A Variant of Peptide Transporter 2 Predicts the Severity of Porphyria-Associated Kidney Disease[END_REF]. If ALA is reabsorbed by a kidney allograft expressing functional HMBS, it will be metabolized into PBG, which, in turn, will be transformed into porphyrins.

As a result, porphyrin precursors could accumulate in the organism in smaller quantities.

We also provide evidence that blistering lesions on sun-exposed skin that often occur in AIP dialyzed patients disappear after KTx. By definition, skin lesions and photosensitivity are not characteristic of AIP. Consistent with what was suggested for a long time [START_REF] Sardh | Porphyrin precursors and porphyrins in three patients with acute intermittent porphyria and end-stage renal disease under different therapy regimes[END_REF], our results

indicate that the very high concentration of porphyrins found in plasma of AIP patients undergoing dialysis is made of uroporphyrin I that derives from the non-enzymatic polymerization of the linear tetrapyrrole hydroxymethylbilane, and which spontaneously forms the cyclic tetrapyrrole uroporphyrin I (a compound unsuitable as an intermediate in the synthesis of protoporphyrin IX) (Figure 1) [START_REF] Bogorad | Conference on Hemoglobin: 2-3[END_REF]. Uroporphyrin causes skin lesions in sun-exposed areas, resembling to those seen in PCT [START_REF] Sardh | Porphyrin precursors and porphyrins in three patients with acute intermittent porphyria and end-stage renal disease under different therapy regimes[END_REF][START_REF] Wahlin | Combined liver and kidney transplantation in acute intermittent porphyria[END_REF][START_REF] Smith | The prophyrins of normal human urine, with a comparison of the excretion pattern in porphyria cutanea tarda[END_REF]. However, the plasma concentrations of porphyrins are not affected by dialysis therapy because these molecules are bound to plasma albumin. As a consequence, 75% of the dialyzed patients in our cohort suffered from photosensitivity and skin fragility resulting in vesicles and bullae of sunexposed skin. Note that a similar disorder associated with bullous lesions in dialyzed patients called "pseudoporphyria" occurs in patients with normal porphyrins levels but clinical and histological features similar to those of PCT [23]. The disease appears to develop due to the association of photosensitizing medications and perhaps with an excessive ultraviolet exposure and the presence of uremic toxins [23,[START_REF] Brivet | Porphyria cutanea tardalike syndrome in hemodialyzed patients[END_REF].

Our data also confirm previous observations made on the evolution of the PBG/ALA ratio during the progression of kidney disease: the PBG/ALA increases in parallel to the impairment of renal function, and a normalization the glomerular filtration rate is accompanied by a reduction of the ratio around values observed in AIP patients with normal renal function, that is approximately 2 [START_REF] Floderus | Variations in porphobilinogen and 5-aminolevulinic acid concentrations in plasma and urine from asymptomatic carriers of the acute intermittent porphyria gene with increased porphyrin precursor excretion[END_REF]. The mechanisms supporting a selective accumulation of PBG over ALA during renal failure are not fully understood [START_REF] Sardh | Porphyrin precursors and porphyrins in three patients with acute intermittent porphyria and end-stage renal disease under different therapy regimes[END_REF][START_REF] Miyagi | The serum porphobilinogen and hepatic porphobilinogen deaminase in normal and porphyric individuals[END_REF][START_REF] Unzu | Renal failure affects the enzymatic activities of the three first steps in hepatic heme biosynthesis in the acute intermittent porphyria mouse[END_REF]. One can speculate that a reduction in porphyrin precursors clearance upon renal failure will primarily direct PBG since ALA will continue to be metabolized into PBG by ALA dehydratase, unlike PBG that will accumulate due to the HMBS enzymatic defect (Figure 1).

The drug management after transplantation is unremarkable in AIP patients, and at the exception of trimethoprim-sulfamethoxazole, which is not recommended (but has been prescribed in 2 patients without side effect), all the drugs usually prescribed after KTx are authorized in AIP patients. The porphyrinogenicity of a drug is related to its capacity for induction of the rate-limiting enzyme in heme biosynthesis, ALAS1, an depends on chemical properties of the drug, structure and metabolism pointing to affinity to P450 cytochromes, hepatic load in therapeutic use, its capacity for P450 cytochrome induction or irreversible inhibition, and capacity to activate or modulate the transduction mechanisms of nuclear receptors affecting ALAS1 gene transcription [START_REF] Thunell | Guide to drug porphyrogenicity prediction and drug prescription in the acute porphyrias[END_REF]. In addition, a porphyrinogenic drug may not systematically trigger acute porphyric attacks, because the porphyric susceptibility of the patient depends on the gene mutation predisposing for acute porphyria, age and sex, previous and current disease activity, and recent or current exposure to other ALAS1inducing agents [START_REF] Thunell | Guide to drug porphyrogenicity prediction and drug prescription in the acute porphyrias[END_REF]. It is thus proposed that in the absence of a safer alternative, an urgently needed drug should not be withheld on the grounds of its potential porphyrinogenicity.

Another important lesson of this study in that AIP should always be considered as one of the possible causes of chronic tubulointerstitial nephropathy, possibly associated with nonspecific arteriolar lesions, of unknown cause, even if the patient is dialyzed. The identification of the disease is critical because it would lead to the diagnosis of AIP in the propositus family, and effective therapies targeting ALAS1 in the most severe forms of AIP are currently developed [28].

A limitation of this study is the lack of systematic pathological examination of kidney allograft biopsy specimen that would have provided information on the possible recurrence of PAKD in the kidney allograft. However, in the context of care, kidney biopsies were not indicated in almost all of these patients and the risk of a systematic screen for histological lesions would be superior to the expected benefits in terms of treatment. The risk of recurrence if PAKD is theoretically not excluded, but PAKD is a slowly progressive disease affecting AIP patients with a severe disease. Since AIP activity seems to turn off after KTx, and some KTx have a normally functioning kidney allograft for more than 20 years, the risk of recurrence is likely to be low.

In conclusion, KTx is the treatment of choice of AIP patients with ESRD because the posttransplantation history is simple, and the drug management is easy. Critically, KTx reduces the disease activity in AIP patients and improve their quality of life. Nicolas Pallet: participated in study design, clinical data interpretation, manuscript writing and final approval.
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  AIP was diagnosed between 1976 and 2015 (median age at diagnosis, 35 years, range 21-53 years) and on average 19 years (range 0-31 years) before the diagnosis of ESRD except for one patient in whom the diagnosis of AIP was made 5 years after the initiation of dialysis. This patient reached ESRD in 2011 (the kidney disease was of undetermined cause at that time), and developed progressive peripheral neuropathy 2 years later, resulting in diagnostic uncertainty until AIP was proven with the identification of mutation in the HMBS gene in 2016.
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 1 Figure 1. Porphyrin metabolism and heme synthesisIn red, hydroxymethylbilane synthase, which is defective in Acute Intermittent Porphyria. In green, uroporphyrinogen III decarboxylase, which is defective in Porphyria Cutanea Tarda. Uroporphyrin I derives from the non-enzymatic polymerization of the linear tetrapyrrole hydroxymethylbilane, and spontaneously forms the cyclic tetrapyrrole uroporphyrin I (a compound unsuitable as an intermediate in the synthesis of protoporphyrin IX). As a negative feedback, heme inhibits ALA synthase 1 activity.

Figure 2 .

 2 Figure 2. Plasma porphyrin profiles in KTRA. Plasma concentration of total porphyrins in the DCD KTR before a first KTx, after KTx with a non-functioning kidney allograft, and after a second KTx with a normal renal function. Dash line represents normal value of total porphyrins in plasma (<20 nmol/l). B. Plasma concentration of total porphyrins in 6 other KTR before and after KTx.

Figure 3 .

 3 Figure3. Occurrence of AIP attacks before and after KTx. The number of acute porphyria attacks before and after KTx has been collected in the health records over an isometric period of time centered on the date of KTx, and which depends on the length of follow-up after KTx, and as such, vary according to patients. Note that Patient 11 is the asymptomatic carrier.

Figure 4 .

 4 Figure 4. Porphyrin precursors profile in a KTRUrinary PBG/ALA ratio in the DCD KTR before a first KTx, after KTx with a non-functioning kidney allograft, and after a second KTx with a normal renal function. Dash line represents normal value of PBG/ALA (=2) in urine in AIP patients with normal renal function.

  

  

  The impact of KTx on porphyrin precursors accumulation (which cause AIP symptoms) is exemplified in the DCD KTR by the dramatic reduction in plasma ALA and PBG concentrations after KTx: ALA 5.4 µmol/L before, 1.6 µmol/L after; PBG: 39.3 µmol/L

before, 3.4 µmol/L after, PBG/ALA ratio: 7.2 before and 2.1 after. Since the accumulation of uroporphyrins in AIP patients with ESRD depends on the production and ALA and PBG, a drop in uroporphyrins concentrations after KTx is also consistent with the reduction of AIP activity (Figure
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