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LETTER TO THE EDITOR

Spontaneous improvement 
of carbohydrate‑deficient transferrin 
in PMM2‑CDG without mannose observed 
in CDG natural history study
Peter Witters1,2*†  , Andrew C. Edmondson3†, Christina Lam4,5, Christin Johnsen6, Marc C. Patterson7, 
Kimiyo M. Raymond8, Miao He9, Hudson H. Freeze10† and Eva Morava6*†

Abstract 

A recent report on long-term dietary mannose supplementation in phosphomannomutase 2 deficiency (PMM2-
CDG) claimed improved glycosylation and called for double-blind randomized study of the dietary supplement in 
PMM2-CDG patients. A lack of efficacy of short-term mannose supplementation in multiple prior reports challenge 
this study’s conclusions. Additionally, some CDG types have previously been reported to demonstrate spontaneous 
improvement in glycosylated biomarkers, including transferrin. We have likewise observed improvements in transfer-
rin glycosylation without mannose supplementation. This observation questions the reliability of transferrin as a thera-
peutic outcome measure in clinical trials for PMM2-CDG. We are concerned that renewed focus on mannose therapy 
in PMM2-CDG will detract from clinical trials of more promising therapies. Approaches to increase efficiency of clinical 
trials and ultimately improve patients’ lives requires prospective natural history studies and identification of reliable 
biomarkers linked to clinical outcomes in CDG. Collaborations with patients and families are essential to identifying 
meaningful study outcomes.
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Dear Editor,
We read with great interest the article entitled “Die-

tary mannose supplementation in phosphomanno-
mutase 2 deficiency (PMM2-CDG)” by Taday et  al. [1]. 
PMM2-CDG is a severe multisystemic disease with only 
supportive treatments currently available [2]. As profes-
sionals dedicated to improving the lives of patients with 

congenital disorders of glycosylation (CDG), we are 
optimistic about any therapeutic approach that has real 
promise for altering disease course. Unfortunately, we are 
concerned that the report by Taday et  al.does not pro-
vide evidence for a clinical benefit of mannose therapy in 
PMM2-CDG.

Despite being the most prevalent type of CDG, with an 
estimated 900 patients worldwide, PMM2-CDG remains 
ultra-rare. Typical for these diseases, randomized clini-
cal trials are challenging to conduct and clinical decisions 
are often based on case series reports such as the one by 
Taday et al. that lack a control group. Carefully compiled 
natural history studies can provide an important histori-
cal control group for comparison of the findings of such 
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studies. Two large retrospective natural history studies 
including 96 [3] and 75 [4] PMM2-CDG patients have 
recently been reported, but are limited by their retro-
spective design. This is a deficiency that our Frontiers in 
CDG Consortium, a member of the Rare Disease Clinical 
Research Network, is actively working to rectify through 
a prospective, multi-institutional natural history study 
funded by the United States National Institute of Health 
(https​://clini​caltr​ials.gov/NCT04199000).

We undertook a retrospective analysis of carbohydrate 
deficient transferrin analysis in PMM2-CDG patients 
managed at our clinical consortium sites to attempt to 
provide a natural history context for Taday et al.’s claims 
that (i) long-term therapy with mannose leads to bio-
chemical improvement including (ia) glycosylation and 
(ib) coagulation variables and that this (ii) suggests clini-
cal improvement.

(ia) Improvement of glycosylation
We undertook a retrospective analysis of clinically per-
formed carbohydrate deficient transferrin analysis results 
of patients followed at Mayo clinic (Rochester, Minne-
sota, USA), Seattle Children’s Hospital (Seattle, Wash-
ington, USA), and Children’s Hospital of Philadelphia 
(Philadelphia, Pennsylvania, USA). These were gener-
ally performed by mass spectrometry (MS) analysis. We 
included all available carbohydrate deficient transfer-
rin analysis results (average 3 measurements/patient, 
range 1–7 measurements). This resulted in 108 obser-
vations in 37 patients (13 females, 24 males, age range 
0.6  months—70  years old, see supplemental table for 
patient and individual measurement details), none of 
whom were on mannose supplementation. These obser-
vations were clustered in younger patients, of which 
70 observations were before the age of 100  months, an 
important note as all of the ‘responders’ in Taday et al.’s 
report were < 100 months of age when initiating mannose 
supplementation.

Results of our analysis are presented in Fig.  1. Over 
time, there is a clear improvement of transferrin gly-
cosylation with a decrease of the mono-/di-glyco-
sylated transferrin ratio from 0.76 ± 0.71 to 0.47 ± 0.45 
(P < 0.001, Wilcoxon signed rank test, normal ratio 
value < 0.06) and of the a-/di-glycosylated transferrin 
ratio from 0.34 ± 0.51 to 0.18 ± 0.29 (P = 0.031, normal 
ratio value < 0.0111). This happens, without any treat-
ment, in patients with their first carbohydrate deficient 
transferrin analysis before the age of 100  months as 
evident from the Loess regression (black dotted line) 
in Fig.  1, the same age category in which Taday et  al. 
report improvement of glycosylation. We also note that 
our untreated cohort has 7 PMM2-CDG patients with 
similar improvements in transferrin glycosylation as 

reported for ‘responders’ by Taday et al. and 4 PMM2-
CDG patients with at least one completely normal car-
bohydrate deficient transferrin analysis. Additionally, 
we are concerned that, given the inherent variability 
of carbohydrate deficient transferrin in PMM2-CDG 
represented in our data set and the even more frequent 
measurements reported by Taday et al., using the best 

Fig. 1  Measurements of transferrin glycosylation by MS. Each circle 
represents one measurement. Measurements in the same patient 
over time are connected by thin lines. A Loess regression curve 
is plotted a black dotted line. The horizontal grey line represents 
the upper limit of normal. Measurements include a ratio of 
mono-glycosylated (hypoglycosylated) transferrin to di-glycosylated 
(normal) transferrin, b ratio of a-glycosylated (non-glycosylated) 
transferrin to di-glycosylated (normal) transferrin

https://clinicaltrials.gov/


Page 3 of 5Witters et al. Orphanet J Rare Dis          (2021) 16:102 	

tetra sialo value for analysis might introduce represen-
tation bias.

Unfortunately, we have not yet accumulated sufficient 
longitudinal data in our patients < 100 months old show-
ing glycosylation improvements to assess whether they 
have subsequent worsening of glycosylation in later years 
as observed by Taday et al. after stopping the mannose.

(ib) Improvement of biochemical variables
The authors also mention (but “not all data shown”) 
improvements of anti-thrombin III, Protein C, protein S 
and factor IX as well as transaminases on mannose ther-
apy. This is not surprising as age-related improvements of 
many of these variables (aPTT, Factor XI, Antithrombin 
III, Protein C, AST and ALT) in PMM2-CDG without 
mannose therapy has been previously published [4]. The 
authors do not mention whether they see deterioration of 
these variables after discontinuation of mannose. Further 
study is needed to understand how these hematologic 
parameters change in the natural history of the disorder 
and how they may contribute to long term clinical out-
comes in PMM2-CDG.

(ii) Clinical improvement
Taday et  al. provide illustrative vignettes regarding 
nerve conduction velocity, attempting to suggest clinical 
improvement with mannose therapy. PMM2-CDG ret-
rospective natural history studies suggest stabilization of 
clinical course as patients get older with development of 
later onset of specific disease symptoms, including neu-
ropathy [4]. While Taday et al. imply deterioration of the 
nerve conduction velocity is due to stopping mannose 
therapy, as an acknowledged later onset feature of the 
disease, it is difficult to imply causality from this observa-
tion alone.

Their study, as implemented, is actually unable to 
demonstrate clinical improvement as it lacks the abil-
ity to compare clinical outcome parameters before 
and after treatment and lacks a control group, as all of 
their patients were supplemented with mannose. Their 
analysis raises a number of concerns. To start, defin-
ing responders as those that demonstrate an increase of 
tetra sialo-transferrin by 50% of pretreatment levels is 
arbitrary without demonstrated functional correlate, and 
is a metric that 3 of their ‘responders’ fail to meet based 
on the provided supplementary material (patients 7, 10, 
and 16). Second, it is misleading to compare ‘respond-
ers’ versus ‘non-responders’, which differ by a num-
ber of characteristics, including, as already noted, the 
‘responders’ group is composed exclusively of younger 
PMM2-CDG patients, while the ‘non-responders’ has 
several older PMM2-CDG patients at initiation of man-
nose supplementation. Third, paradoxically, the rate at 

which mannose ‘responders’ discontinue mannose is 
much higher in than ‘non-responders’. All but one ‘non-
responder’ continue mannose supplementation despite 
lack of a biochemical response (~ 88%), while only 25% of 
‘responders’ continued mannose.

Priorities for advancing a therapy for PMM2‑CDG
Historically there was initial enthusiasm for man-
nose supplementation in PMM2-CDG given dramatic 
improvement in MPI-CDG with mannose supplemen-
tation [5] and biochemical correction with mannose in 
PMM2-CDG patient-derived fibroblasts [6]. Additionally, 
an early mouse model of PMM2-CDG demonstrated res-
cue of embryonic lethality with prenatal mannose sup-
plementation to pregnant dams [7], a finding reproduced 
in a more recent knock-in mouse model of the European 
p.F119L mutation, but not the European catalytically 
inactive p.R141H mutation [8]. A number of publications 
of small, short-term studies of mannose supplementa-
tion in humans with PMM2-CDG revealed uniformly 
disappointing results without biochemical or clinical 
improvement with enteral or intravenous mannose sup-
plementation [9–12].

In light of the limited natural history of PMM2-CDG, 
the report by Taday et al., unfortunately fails to provide 
convincing evidence for significant clinical improvement 
with long-term mannose supplementation in PMM2-
CDG. These patients suffer from significant lifelong 
deficits and are in need of significant improvements in 
therapy. We are concerned about the futility of spend-
ing time and effort to pursue additional studies of man-
nose in PMM2-CDG, where there is very little evidence 
for efficacy. We note that there have been a number of 
recent advances in approaches to treat PMM2-CDG [13], 
including: a recently reported open-label study dem-
onstrating improvement in ataxia with acetazolamide 
[14], pharmacologic chaperones [15] or aldose reductase 
inhibitors identified through a drug-repurposing screen 
[16], and mannose-1-phosphate replacement therapies 
intended to bypass the PMM2-dependant biosynthetic 
step [13].

So where do we go from here? Given the sudden avail-
ability of multiple potential treatment approaches other 
than mannose for PMM2-CDG and the impossibility of 
performing well-powered, placebo-controlled, double 
blind studies for all of them, it is critical for profession-
als and families to prioritize (1) the treatment approaches 
with the strongest evidence of potential efficacy that are 
(2) most likely to result in meaningful improvements for 
patients. It is critical to work as a global community to 
subject these treatments to rigorous investigation so that 
unambiguous evidence of their efficacy can be obtained 
quickly. To maximally utilize these trials, it is critical 
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that we amass a detailed, prospective natural history of 
PMM2-CDG, including changes in potential biomark-
ers, and clinical outcomes, such as through the Nijmegen 
pediatric CDG rating scale [17]. Use of transferrin as 
a biomarker of clinical efficacy is problematic given its 
trend toward normalization as patients age and its lack 
of correlation with clinical outcomes of importance to 
patients and families. Identification of new, robust bio-
markers linked to clinical outcomes is essential in efforts 
to increase efficiency of clinical trials and potentially 
guide clinical management. Finally, a productive partner-
ship with patient families will ensure that professional 
and patient goals are aligned to achieve meaningful ther-
apeutic advances in PMM2-CDG. To this end, we invite 
all interested professionals to join in the hybrid virtual 5th 
World CDG Conference May 14–16, 2021 to collaborate 
with patient advocacy groups to meaningfully move for-
ward CDG therapeutics.
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